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'SYNOPSIS

In Januasry 1952 the Materials and Regearch Department was
agssigned the problem of investigating and evaluating the condition
of corrugated metal culverts in District I. Specifically, the scope
end aims of the study may be subdivided as follows: (1) determining
whether or not certain environmentel conditlons tend to accelerate
corrosion of metal culvert pipes, (2) preparing a map of District I
to indicate the areas or sechtions of highways where the average
corrosion of culverts is marked, moderate or minor, (3) developing
practical means to determine potentially corrosive areas as a gulde
for new construction in any aresa, and (K} recommending steps to repalr
or prevent failure in deteriorated installations.

Due to the scope of this assignment, it was decided to
divide the study into two or more phases. The first phase covered
in a report®* dated May 10, 1954, covered one method for repelring
deteriorated culverts, namely the process of applying a mortar lining
by the Centriline process on 8 culverts on Routes L8 and 56. The
second phase reported herein covers the first two items, and those
parts of the remaining items that are not separable from the first.
Studies will be continued on other aspects of the problem and further
reports prepared at a later date.

The volume of water flowing in the streams in District I
made the fleld inspection during 1953 and 195l feasible only in the
summer and fall months. During this working period of 7 months,
approximately 7,000 corrugated metal pipe culverts were inspected.

The severity of corrosion evidenced in the various areas of
District I is shown in the appendix by Exhibit I, "Equi-Percentage
Corrosion Contour Map", and by Exhibit II, "Corrosion Area Map,
District I". The specific condition of sach corrugated metal pipe
is recorded on field inspection sheets, coples of which are filed with
District I and Headquarters Maintenance Department. The originals are
filed with the Materials and Research Department.

Specific recommendations developed from an analysis of the
data collected during this survey are included in Chapter VII of
thisg report.

The results of this survey show that it definitely is
possible to define areas &3 to their corrosion potentiallity. The
results also suggest that rapid survey methods can be developed to
do this on a statewide basis.

The majority of the metal corrosion in culverts throughout
District I occurred in the invert and was usually due to aggresslive
water. In most cases of sccelerated failure of the culvert metal

the culprit was the groundwater flowing on a continuous basis and
emanating from organic reducing solls.
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I. INTRODUCTION

For meny years Engineers in District I have been concerned
about the increasing evidence of an apparently rapid rate of metal
culvert deterioration due to corrosion. However, it has not been
physically possible for the Distrlct bo adequately maintain s pro-
gressive condition record on all metal culverts. With the informa-
fion that the District wes able to accumulate, they were unable to
determine definitely whether or not abnormally "corrosive areas"
existed. Consequently, when a culvert actually failed, expedient
replacements end emergency repalrs were required. These replacements
and repairs were accompanied by the excessive costs associated with
emergency work.

The need for a more comprehensive survey was emphasized by
a report, forwarded in 1950 by the Distrlct Engineer, covering a
hasty survey of all the culverts within a portion of I-HUM-1-I, J,
which showed e high percentage to be in poor condition. This survey
was made by the District following the completion of a construction
project on HUM=l-dJ where 1t was necessary to expend $30,000 to replace
one culvert that had been plenned for extension. After the contract
was awarded, close inspection showed that this existing pipe hed
collapsed and could not be used.

In an endeavor to assist the District in this problem, Mr.
Earl Withycombe, Assistant State Highway Englneer, requested the
Materials and Research Department to make a complete conditlon survey
of all of the corrugated metal .culverts in the District, so that the
magnitude of the maintenance and replacement program could be
estimated and considered, economy-wlse, in the over=-all highway
planning program.

A preliminary survey of the sulverts in District I, made
by Headquarters Laboratory before sterting the detailed inspection,
indicated that culvert corrosion 1s most pronounced in the invert,
and is confined primarily to the width covered by low water {low.
This observation suggested that corrosive products from the solls in
the watershed areas were the agents primarily responsible. It seemed
pertinent, therefore, to edopt some simple type of watershed descrip-
tion that could be related to corrosion studies which have been under-
taken by agencies such as the National Bureau of Standards, the
Americen Gas Assoclation, gnd others. From an gnalysis of the current

. pegearch reports on corroaion, it was decided thet the soil class-

iftcation considerations affecting corrosion in District I would be:
whethier the soll was primarily organic or inorganic, and whether it
had good or poor aeration.

'J Due to the existence of many watersheds containing organig
reducing solls throughout District I, the work of Starkey and Wight
concerning anaerobilc corrosion seemed of apecinl significence. This
work gave evidence that a soll which is non-aerated snd which contains
organic matter would support anseroblc bacterla. An extreme example
of this soll type is swampland. The anaerobic bacteria form hydrogen
gulfide. The hydrogen sulfide may be oxidized to form sulfurous and
sulfuric scids, which are highly corroslve. while the scope of our

" survey as covered in this report 1s limited, there 1s no doubt that

this factor 1s definitely important.
ﬂ2ﬂ
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Alkalis and other minerals were not considered special over-
all problems in District I; however, in certain cases they were noted.

Salt air exposure has been believed to be a major contrib-
uting medium to the corrosion of metal pipes in the coastal area. The
effect of such exposure is noted in this report as atmospheric attack.

The decision to identify the nature of the watersheds and
the physical environment of the streams has proven to be well worth-
while, as is brought out in the body of the report.

Broadly speaking, the results of this survey show that
roughly 26 percent of the watersheds dralned by metal pipes in Dis-
trict I can be classgified ag producing highly corrosive waters; 37
percent moderately corrosive; and 37 percent relatively non-corrosive.

ClibhPD
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IT. THEORY OF CORROSION

Mechanism of GCorrosion.

There are many factors that affect the rate of corrosion of iron
or steel in water. The corrosion of ferrous metal in substan-
tially pure watsr and air cen be chemically expressed sas:

+2H

RuE

Fa+2H 2Fe

It 1s common knowledge that two different metals can set up &
galvanic corrosion e¢ell. For example, when zinc and copper are
immersed in an electrolyte and electrically connected they will
become ancde and cathode respectively. When these two metals

are electrically connected through a galvanometer, & current will
be meagured, and the zine will disintegrate. In other words, a
battery is formed. It is also true that differences in the
electrolyte, such as chemical concentration or differential
aeration, will causse anodie and ecathodic areas to be set up on

a single p¥ece of metal.

By partly immersing specimens of plain carbon steel and also iron

in water, and using three independent methods of measurements,

Evans and Hoar®% , measured the quantity of electrlc current flow-
ing between anodie¢ and cathodic areas, and obtained a direct corre-
1ation between the current flowing snd the weight of metel dissolved.
Others, Brown and Mesars®,; alsoc Evans and Thornhill® , obtained the
same correlation between current quantity and weight of metal
dissolved. The anodic and cathodic areas on the same piece of

metal are caused by non-uniformities which exist in all metals.

As summarized by Speller’, "It mey now be regarded as established
that in substantially all cases of corrosion in the presence of
water the driving force of the corresion reaction between metal
and environment is electrochemical. The magnitude of thls
electrochemical potential, which varies with the environment and
the metal, determines the tendency of the reaction to proceed,
whereas the rate of corrosion is determined mainly by the resist-

- ance to the continued progress of the reaction set up by certain

of the corrosion by-products”.

i

Pertinent Factors Influencing the Rate of Corrosion.

During the course of the culvert inspection a number of observa-
tions were made concerning faectors affecting the rate of corrosion.

' Phose factors considered to be especially gignificent were re-

corded. These were: evidence of extreme water hardness, which
was indicated by a calcareous deposit in the culvert invert; rust
formation, which was recorded as to its particular type, 1.8.
tubercle, flake, powder, etc.; and the evidence of hydrogen sul-

fide in the watershed soil.

The influence of these significant factors on the accelerated cor-
rosion of metal culverts is discussed in the following paragraphssi

ClibPD
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Influence of Water Hardness.

Water undersaturated with calcium carbonate 1s likely
to corrode & metal pipe, and waters saturated with
calcium carbonate are in general reletively hermless. 4

The weter issulng from a chalk or limestone formation
will usually, although not invariably, be in equilib-
rium with calcium carbonate, i.e., will be non-aggres-
sive.

With very soft waters, rain water and gsome mineral
spring water, the attack on a metal pipe is likely to
continue indefinitely.

In areas of heavy reinfall, with a quick runoff over
saturated ground conteining calcium, the likelihood

of the water becoming saturated with calcium is small.
However, if the rate of runoff is slow enough, the
weter will become saturated with calcium and tend to
deposit a calcareous layer in the culvert. Conversely,
if the runoff 1s quick, any removal of a calcareous
deposit in the culvert will depend on the relative
frequency of weter undersaturated and oversaturated
with calcium.

The majority of waters used for publlc supply purposes
contain a considerable amount of calcium carbonate,
which is kept in solution as calcium bi-carbonate by
the presence of carbon dioxide. If the excess of
cerbon dioxide present is just sufficlent to keep the
caelcium carbonate in solution, any incipient corrosion
will produce a rise in the pH value at the cathodic
regions and will congequently lead to the precipitation
of celcium carbonate. This will divert the cathodic
reaction elsewhere, so that after a time the whole
interior surface of the pipe will have become covered
with a layer of calcium carbonate.

Tn the presence of sufficient oxygen, this layer of
calcium carbonate will interact with iron salts forming
under its surface a clinging form of ferric oxide rust.
For meny waters, this layer will be more protective
when oxygen is present in large quantities, because the
yust will then be formed very close to the metal.

Influence of Rust.

In natural waters, the precipitated rust usually cerries
down some compounds containing lime, magnesia and

silica, together with other insoluble material from
the water. These substancas have considerable influence

on the structure and denslty of the rust coating on the
metal surface. A loose, non-adherent coating under

ordinary conditions, may accelerate the rate of corro-
sion : a uniformly dense and adherent coating may form

-5
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an effective corrosion barrier and reduce the rate
considerably.

Influence of Hydrogen Sulfide.

"Hydrogen sulfide when present in water makes the
water scid snd causes rapid corrosion, even 1n the
absence of oxygen. It 1s mostly found in soile that
contain anaerobic bacteria, in water contaminated
with sewerage, or in mineral weter. In the presence
of oxygen, sulfuric acid may be formed as a reaction

product?",

-ba
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IIT. SURVEY METHODS EMPLOYED IN THIS STUDY OF CULVERT PIPES.

A. Method of Inspection.

1.

www fastio.com

Comparison of original metal lost.

In order to work with any reasonable speed in the cramped
and poorly accessible spaces found in culverts, 1t was
necessary to devise some quick, even though approximate,
method of evaluating metal loss.

Tn estimating the relative metal loss of the culverts,

the penetration or rebound of & prospector's pick striking
the culvert was "transposed" in terms of percentage of
originel metal lost. The penetration or rebound from the
blow of the pick was compared to similar metal of known
thickness. Considering the inevitable variation of metal
loss that exists in culverts, this method seems to give
reasonably accurate indications.

Physical Factors.

The physical factors tebulated in the survey included:
height of fill over the culvert, asphelt coating condl-
tions, rust type, location and extent of metal deteriora-
tion, presence of ground water, etc. A more detailed
explaenation of the physicel factors obtained and a sample
culvert inspection record sheet are included as Exhibilt
VII in the appendix.

801l Properties.

Starkey and Wightz, in a report to the American Gas
Association in 1945, determined that the corrosion rate
of steel was greater in solls containing anaerobic
bacteria than when the bacteria were absent.

Since the time allotted Yo this culvert survey of Dis-
trict I would not permit complete chemical and electrical
tests of the soils and waters, the following definlitions
of soil characteristics, based on visuel inspection, were
used so that the information could be correlated to work
by Starkey and Wight?® and others .

a. Reduecing Soils:
1. Have poor soil geration.

2. Poor water drainage regsulting in waterlogged
soll.

3., Usually & black or mottled gray in appearance.
An odor of hydrogen sulfide (H,8) perceived.

5. Usually have evidence of the preaence of
anaerobic bacteria. :

=T=
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b. Oxidizling soils:
1. Well drained in an agricultural sense. #*
2., Usually light in color.

¢. Inorganic:

1. Soil hes little or no organic or vegetable
matter in 1ts composition.

d., Organic:
1, Soil has organic matter or vegetation.

It was decided after consideration of the above four
definitions that the watershed soils could be described
undertfour broad headings for the purposes of thils
reporbt:

1. Orgenic Reducing

2. Organic Oxiﬁizing
3. Inorganic Reducing
. Inorganic Oxidlzing

This scheme of watershed description was used in the
culvert survey. Soils clasaified as inorganic reducing
were not found in District I, which explains their
absence in the charts and tebles following.

4. Culvert Service Life.

The culvert corrosion rate was determined by two steps.
The first was the determination of the culvert metal
loss. The second was relating the culvert metal loas

to years of service.

There were two steps used in determining the years of
service for a particular culvert. The first step was

to obtain the culvert instellation date from the con-
struction plans. The second step consisted of contacting
the highway maintenance crews and obtaining the dates of
culvert replacements as they were "premembered™. In some
cases, where no oconstruction plans were avallable, the
culvert installation dates were obtained from the mainte-
nence orews, and, if poasible, checked with dated bridges

or culverts.

P

's# Note: Light porous soll through which water drains rapidly.

-B-
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IV. RESULTS OF SURVEY

Corrosion Rates.

Other factors being equal, the rate of culvert corrosion will be
a function of water immersion time. However, the chemlcal compo-
sitions of streem or runoff waters is a variaeble depending upon
many factors. Some of these factors include air pollution, and
the solubility of the chemicals in the solls from which these
webers drain.

It is an exceptional occurrence when all the culverts in adjacent
watersheds have the same corrosion rate. However, 1t is qulte
likely that a reasonable percentage of culverts 1n adjacent water-
sheds will have a similer corrosion rete. The "Corrosion Area"
map was prepared with this knowledge, and reflects the service
1ife to be expected of a substantial number of 16 gage galvanized
metal culverts in esch of the areas indicated.

This "service 1ife" is an expression of probability that a sub-
stantial number of culverts in the localized area will not exceed
the service life indicated. Hence, the risk of costly replacement
ig reflected by the Corrosion Area map, but it does not necessarlly
mﬁan that all culverts in & given area will have the service 1life
ghown.

On the attached "Map™, the aspparent rate of corrosion decreases
with distance from the sea coest. Since this study did not include
complete analysis of the factors affecting corrosion, the signifi-
cence of this in relation to salt air or annual rainfall is not
known. It was found, in the culvert survey, that the outer gal-
venized areams of the culverts exposed to sun and air rarely showed
signs of corrosion in less than 20 years. However, this was not
true if the culvert was exposed to direct sea spray or water
immersion. Attached is Exhibit VI, which is a typical comparison
of culvert corrosion rates on I-MEN-56-A and I-MEN-16-A. Work
charts of this type were made for all the sections of the highways
and used to make the corrosion area map.

Watershed Soils and Accelerated Corroslon.

The chemical composition of runoff waters can be altered by soluble
chemicals in the soils. This factor of chemical alteration of
runoff weters was recorded by observing any apparent chemlical
action taking place in the soll. Por example: soil with an odor
of hydrogen sulfide, ceused by & chemical reaction, wes recorded

as organlc reducing.

The following discussion offers svidence that the indirect action
of aneerobic bacteria, or at least the presence of organic reducing
goils, is one of the causes of sccelerated corrosion of metal

culverts.
The corrosion rate of metal culverts on Route 56 1s marked, when
compared to the corrogion rate of the eulverts on Route 16. There-

fore, the physical factors noted during the inspection of the cul-
verts on Routes I=MEN-56 and I-MEN, LAK-16 were mathematically

=0=
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analyzed to determine the relationship between environment and
accelerated corrosion.

In comparing the presence of ground water on Route 56 and Route 16
1+ was found that epproximately 58% of the culverts on Route 56
gadtyeig round ground water flow as compared with only 2% for

oute 16,

A comperison of the watershed soil types for the two routes shows
that 35% of the watersheds on Route 56 were made up of organic
reducing soils, and only 1% of the watersheds on Route 16 involved
soils of this type. The predominate "watershed soil™ along Route
16 was "inorgenic oxidizing".

The average life for more than 75% of the galvanized culverts on
Route 16 is estimated to be 30 years or greater, whlle on Route
the 1ife 1s estimated to be 20 years or less. This observation
seems to indicate that organic reducing watersheds are more corro-
sive to galvanized metal culverts than are inorgenic oxidizing
wetersheds. However, definite and completely supportable conclu-
sions must await a more thorough envirommental study.

In any collection of data that show a rather wide range of values,
there is always the possibility of chance, accounting for the
veriations. Therefore, in order to determine whether a soll type
was & significant factor, the relationship between watershed soll
types and the condition of culverts was statistically analyzed.

The total number of culverts in each soil group area was tabulated
and then segregated into degrees of deterioration referenced to
each soil classification.

The analysis indicates that the difference in percent of corroded
culverts in various soil clasgifications due to random variation
was less then 0.01, or the chance that the corrosion rates of the
culverts were affected by random veriation alone is less than 1

out of 100,

Ag there were only 10 culverts on Route 56 which were classified
as having inorganic oxidizlng soil, data from Route 48 was added
to permit a better mathematical spread of soill types.

In comparing the soil classifications and corroded culverts on
Routes 56 and 48, the following relationships were found:

The probability that the difference between the percent of corroded
culverts in inorganic oxidizing and organic oxidizing solls is due
to random variation 1s 1L or 1 out of 100 culverts. The prob-
ability that the difference between the percent of corroded culverts
in inorganic oxldizing and organic reducing solls is due to random
variation is .09, or 9 out of 100 culverts.

These figures indicate that for these locations of culverts the
wetershed soil type will have a substantial influence on the
corrosion rate, and the vaeriations cannot be attributed to chance

alone.
-10~
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Ce Effect of Corrosion on Culverts.

I+t was observed during the survey that culvert failure usually
occurred in the invert. In some cases the invert -of the culvert
et both ends was completely perforated, while the invert in the
middle of the culvert was not. In certain other cases the invert
in the middle of the culvert would be perforated, and the ends
would be in good condition. Extremeycare had to be taken during
the culvert inspection to inspect the center of the culvert,
wherever possible.

There were 8lso & number of cases in which the section of the
culvert invert which was continually submerged was in good condl-
tion, but the area at the edges of the water flow in the culvert
which was alternately wet and dry would be perforated. In the
culvert survey this area of attack was called the area of "splash"®,

Evidence from other studles, although not observed during this
survey, indicates that accelerated corrosion of a metal culvert
will occur from the soil side when the structure is placed in
peat, or some other such highly aggressive soil, in which case
the failure may be in any location around the circumference of
the pipe.

As it is general engineering practice in District I %o place.
relatively clean backfill of inorganic materlel around a culvert,
it gseems probable that eny severe exterior corrosion of a culvert
in this area would be caused only by the percolation of corrosive
ground or runoff water into the backfill.

D, Observetions on Specific Routes.

A listing of environmental factors affecting corrosion pertinent
to esch section of highway is included as Exhibit IV in the
appendix.

P
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V. DISCUSSION

Culvert Corrosion and Repair.

There are many causes for the corrosion of the culverts in Dis-
triet T. However, a very rough indication of the corrosion
potential for a watershed can be made visually. If there 1s
evidence of limestone, chalk, or other calcareous substances 1in
the watershed, the likelihood that the culvert will suffer
severe corrosion may be slight. Conversely, 1f the watershed
offerg no evidence of calcareous earth deposits and has an
organic reducing watershed soil type, the potential for a severe
corrosion rate is great.

As the culvert survey indicated that the watershed runoff is
often responsible for the more corrosive environment, some

method of culvert invert protection should be undertaken, espe-
cially when the watershed runoff appears to have a high corrosion
potential. This protection could be in the form of asphalt or
concrete paving. However, in the case of concrete paving, it
might be well to walt until the galvanizing has deteriorated, as
the high pH of the localized concrete environment may cause an
uneconomic service life of the galvanizing4' .

Attamched is Exhibit V, "Suggested Temporary Culvert Repailr
Methods, Distriet I". This chart shows three current methods
of culvert repair used by the District, and a recomnmended pro-
cedure for using a bituminous corrosion gseal in highly corro-
sive areas.

One method of culvert repalr that has economic advantages 1s the
Centrilining! process. Thls process, of which a sample installa-
tion was observed during this culvert survey, entails the placling
of an approximately 1" thiek cement mortar coating, which covers
the entire inside surface of the culvert. This method was found
to be economicelly feasible when a culvert replacement would
require trenching through approximately 9! or more of £f1l1l. The
Centrilining process would also have economic culvert repair
advantages over replacement in kind under lower fill heights when
the highway is subject to heavy tpaffic. This method of repalr
18 elso indicated on Exhibit V.

The relative merits of asphalt dipping, asbestos bonding, asphalt
paving, and other means of metal culvert corrosion protection
have not been completely evaluated on a comparative 1ife or sur-
vival basis nor has the use of concrete pipe. However, it has
been obgserved that the above methods of metal culvert protection
gll help extend culvert 1ife and sufficient data weas collected
to make a rough estimate. Attempts will be made to evaluate
more closely such protective coatings and treatments in future

atudles.

There was some indlcation noted of concrete deterioration in
geveral old concrete pipe installations in organioc reducing
goils. This condition was not extenaive; however, it does indi-
cate that environmenteal consideration must also be given to
concrete as well as metal culvert instellations.

=12=
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The culvert study in Digstrict I strongl

y supports the opinion
that chemical and electrical tests of the watershed waters would
give advance information on corrosion potential.

B. BEconomic Effect of Recommendatlons.
Some idea of the magnitude of the metal culvert replacement or
repair problem in District I may be derived from the following
Table I showing the present estimated remaining service life of
the existing metal pipes.
TABLE I

PRESENT ESTIMATED REMATINING SERVICE LIFE

Remaining % Total # Estimatéd
Service Life (7,000 Pipes)} . Replacement Cost
5 yeers or less 1% | $1,180,000
5 to 20 10% 840, 000
20 to 30 12% 1,010,000
30 or more 64% 5,380,000

# Based on the assumption that the average metal
pipe in District I is 100 long, 24" in diameter,
and 1s under 10! of fl1ll.

The percentage values shown are based on the approximate total
of 7,000 metal pipes. The remaining service 1life was estimated
from a projection of the present apparent rate of corrosion.

Another method for describing the magnitude of the corrosion
Problem in District I is depicted on Exhibit I in the appendix,
'Bqui-Percentage Corrosion Contour Map". This chart was devel-
oped by computing the percentage of culverts in critical condi-
tion in each highway section, then contour lines were connected
to points in the various highway sections having an equal per-
centage of culverts in crltical condition.

This Exhibit I may be used to distribute culvert replacement or
repair funds by establishing a priority for each highway gectlon.
This priority could be based upon the percentage of critical
culverts in each highway section.

Tables II and ITI following show the approximate increased
service 1ife and economic effect that may be expected through
the use of the minimum protective procedurea listed on Exhibit
III in the sppendix. In Table 1T the increase in service 1life
is the average ditional service 1life thet can be expected if
jnstead of & plain galvanized corrugated metal pipe a galvanized
metal pipe, protected as indicated on Bxhibit III, 1s used in
the corrosion area indicated. Table IIT shows the savings that

will accrue if such practice 1s followed.
=13
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TABLE II
SERVICE LIFE EFFECT OF MINIMUM PROTECTIVE MEASURES

Corrosion Average Service

Area Life Increase
Highly Corrosive 120%
Moderately Corrosive 15%
Non-Qbrrosive 5%
A1l 50%

TABLE IITI
FCONOMIC EFFECT OF MINIMUM PROTECTIVE MEASURES

Corrosion Corroslon Cost Savings Due
__Area to Increased Service Life
Highly Corrosive 55%
Moderately Corrosive 11%
Non-Corrosive 2%
A1l 30%

ClLhRDE —wnv-fastio-eem
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VI . SUMMARY

The present condition of each metal pipe culvert in District
I is listed on the culvert inspection sheets. Complete sets of these
sheets are on file in the District, Headquarters Masintenance Depart-
ment, and the Materials and Research Department.

The present magnitude of the culvert corrosion problem in
District I is summarized on Exhibit I, "Equi-Percentage Corrosion
Contour Map" in the appendix.

As a gulde for future planning, a corrosion area map of
Distriet I is attached, Exhibit II. The map is not an indication of
the present condition of the 7,000 metal culverts in District I, but
is rather an indication of the expected rate of corrosion of an ade-
quate number of unprotected 16 gage galvanized corrugated metal pipes
S0 ag to indicate the sconomic influence of the area. This 1s based
on a projection of the data collected during this survey.

Exhibit III, "Recommended Minimum Corrosion Protection for
Metal Culverts to Obtain an Estimated 20 Years or Greater Service
Life", should be used in conjunction with the Corrosion Area Map.

Ag previously stated, the primary poslition of deterioration
of corrugated metal pipe culverts in District I is in the invert, and
is due to aggressive waters. Observation indicates that, where
necessary, additional protection provided in the invert of the pipe
should result in a service life of the metal culverts which will more
nearly correspond to that of the road. '

It is suggested that where invert paving is used, it should
extend for a distance on both sides of the culvert flow line to a
horizontal helght equal to one third (1/3) of the diameter of the
pipe. Also, when a culvert which is located in a highly corroslve
area is belng repaired with a concrete paved invert, the backfill
soil which contacts the concrete should be sealed with a bituminous
seal. This procedure will delay accelerated corrosion of the culvert
metal at the concrete to metal junctlion, and is depicted on Exhlbit V,
"Suggested Temporary Culvert Repair Methods, District I."

alsea
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VII. RECOMMENDATIONS

It is recommended that:

l, The Equi-Percentage Corrosion Contour Map,
Exhibit I, be used as a guide in the planning
of a Digtrict I metal culvert replacement
program,

2. The Corrosion Area Map, Exhlbit II, and the
accompanying minimum protection chart,
Exhibit III, be used as a gulde for future
design of District I drainage. -

3, The factors listed in Exhibit IV may be used
as & guide during the preliminary design of
drainage culverts in the District.

l}o Exhibit V, Suggested Temporary Culvert Repair
Methods, be used as & guide for future main-
tenance repairs to existing culverts.

5. For locations involving costly metal culvert
installations in areas of suspected extreme
corrosion retes and where replacement or
repalr of the culvert during the lifetime of
the highway would not be practical, a pre-
liminary electro-chemical corrosion survey be
performed so as to provide the most sconomical
installation.

1
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EXHIBIT IV

e
OBSERVATIONS ON SPECIPIC ROUTES.
A. Coastal Location: (Routes 1, 56, 71 between Gualala and Oregon)
1, General physical conditions observed to accompany accelerated
corrosion.
a. Hydrogen sulfide perceived in watershed soll type.
b. Clay or silt soil in watershed.
¢, Formation of fleke or tubercle type of rust.
d. Continuous ground water flow.
e. Presence of salt weter spray or tidal water.
2., Physical conditions observed to accompany less #evere
corrosion rates.
a. Watershed has sandy or granular type of soil.
b. Soil is a light reddish brown in color and well
dralned.
¢. With ground water flow, invert is silted with sandy
type soll.
d. Culvert carries pavement runoff only.
B. "ITnlend" Locations: ({Routes 1, 48, 35).
1. Physical conditions observed to accompany accelerated
corrosion.
a. Hydrogen sulfide perceived in areas of ponded
water.
b. The culvert invert is silted.
c. S8ilt in oculvert is removed through maintenance.
d. Watershed is overgrown with ferns and lush
vegetation.
e, Ground water flow.
2. Physical conditions observed to accompany less severe
corrosion rates.
i a. Culvert has self-cleaning gradient.

b. No ground waber flow.

wgdle
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C. Watershed soll types.
1. "Organic watershed" and soils.

Tt was observed generally that in a predominant number of
cases sccelerated corrosion of metal culverts occurred in
watersheds having organic reducing soils. This fact was
observed in the coastal, redwood and interlor regions.

It was &1so observed that some culverts in the organic
oxidizing soils had nearly the same corrosion rate as those
in organic reducing soils. Since the propagation of
snaerobic bacterie depends on moisture and the exclusion

of oxygen®, it 1s apparent that some consideration of the
soil aeration and drainage would give an indication of the
intermittent presence of the anaserobic bacteria in the
organic oxidizing solls.

In many cases of accelerated culvert corrosion rates, the
csuse may not be an environment such as the organic re-
ducing soils. It may be that there are insufficlient
chemicels in the waters to cause a protective film of
corrosion products to be deposited.

As previously mentioned, calcium carbonate has been widely
recognized by public utility companles as a mechanism for
inhibiting internal corrosion of steel water mains. When

a water supply system has been found to have insufficient
caleium carbonate to deposit a protective film of corrosion
products, calecium is aertificially added for this purpose.

Although this system for corrosion inhibition may be im-
practical for highway culverts, the fundamental test for
the calcium belance of the water can be made to determine
its corrosion potentiel.

222w
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EXHIBIT X

SUGGESTED TEMPORARY CULVERT
REPAIR METHODS

' Concrete Paving
1" Min., thickness
over corrugstions

METﬂOD'é
Used when earth fill is stabilized.

Concrete Paving
I"Min. over Corr,

Selected
Material o =
o OLEaE g‘%fg'oof -
AVHIRIAY

METHOD -C

Used when eorth fill
has not stabilized,

METHOD — B

Cement Mortaor Lining By
Centrilining Process.

L4 -
Concrete Paving | Min.over corr.
Bituminous Corrosion Seol

Selected Moterial

METHOD-D

Recommended Practice when
earth fill 1S not stabilized an

runoff is highly corrosive .
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EXHIBIT VII
CULVERT INSPECTION INSTRUCTIONS ’

— Procedure for filling out Form T-620-53 Rev.

The physical condition of a culvert is determined from the
reaction or penetration of a prospectorts pick to the metal surface
and is described in % of original metal thickness lost.

The inspection report is to be filled out in such a manner
that an engineer in the office can visuslize the physical condition of
a culvert in the field.

The following terminology 1s to be used on the inspection
report to describe the varying culvert conditlons.

INLET SECTION

Column Abbreviagtion Definition and Procedure
Type Gal. _ Galvanized C.M.P.
A.D. Asphalt dip C.M.P.
A.B. Asbestos bonded C.M.P.
AP.TI, Asphalt paved invert
C.P.I, Concrete paved invert
R.C.P, Reinforced concrete pipe
P.C.P. Plain concrete pipe
R.C.B. Reinforced concrete box
P.C.B. Piain concrete box
Instelled 19__ The year the culvert was installed

shall be inserted in this column.

M. Date of culvert installatlon not checked
on plans. Installation date obtained
, from Maintenance foreman or other verbal
) gource. Exemple: 25M - culvertinstalled
in 1925, date obtained from maintenance

foreces. .
Cond. Length Designates the length in feet of culvert
inspected visuelly or by test.
A Aly
w Water
v Visual
Exemple: A3 - the inlet or outlet sec~
tion of the eulvert projects 3t beyond
the £f111. The outaide bottom section
normally in contact with soil is in
contact with air.
o 8ilt Depth Depth of silt designated in inches above
' the culvert invert.
Upstream ridge The upstream face of a corrugation.

=25
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Column Abbreviation

T
Splash
Alp
Soil
Abraslion
Rust Type
P

G
P
0 thru 10(x)

0 thru 10(x)

See upatream
ridge

0
I
0 thru 10(x)

0 thru 10(x)

Flake

Fine powder

Coarse
powder

Tubercle

Definition and Procedure

General

Pit :
Describes metal loss in terms of % of
original metal thickness.

1=10%, 2 = 20%, X = 100%

Describes total area in %.
1= 10%, 2 = 20%, X = 1004

Exeample: 6P9 - 60% of the corrosion
area has pits to a depth of 90% of the
original metal thilclmess.

Area inside culvert where normal flow
ogtwater fluctuates or splashes most
often.

Designates corrosion area not in contact
with soll or flowing water.

Outalde
Inaide
1 = 10%, 2 = 20%, X = 100%

Exemple: Ol designates that the outside
sestion of culvert (section most likely
to get dirsot sunlight) has lost 10% of
its original metal thickneas.

Designates the culvert section in contact
with earth backfill.

1 = 10%, S = 50%, X = 100%

A numeral in this column is the inspec~
tor's opinion of how much of the culvert
metal loss is caused by abrasion.

Hard, adherent stratified rust flakes.
Usually a black or a derk colored ‘layer
of rust adjacent to the metal surface.

Relatively asmooth to the touch, about
the consistency of cement. Usually
found with soil contact. Generally
light in color.

Grenular, relatively edherent. Usually
found in atmospheric corrosion. Color
varies from light to dark reddish brown.

p-

Generally are hard nodules of rust. :
Usually has a dark or black colored rust

‘layer adjacent to metal surface. Usually

found in areas subject to runoff water
opr sea water attack. Sometimes gelatinouk
in appearance. Indicates pitting of metal.

25a
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Column Abbreviation

Asphalt
Coating

Fill
Shoulder
Metal Gage

Waterway

EARTH TYPE

Orgenic
Inorganic

Reducing

Oxidizing

W fastio.colm

Hornmh=s

wWwonE

Definition or example

Water
Splash
Soil
Air
Outside
Inside

Location of condition of asphalt coating
is the seme as rust type locatlion.

Height in feet from the crown of the
culvert to the highway shoulder.

This 18 the standard sheet metal thick-
nesgs of the culvert steel.

The adequacy of the waterway 1s deter-
mined by visual observation and/or state-
ments by maintenance forces. I the
roadway floods because the culvert is
inadequate, designate the reason.

Waterway

Silit

Debris

Profile of road

Waterashed has more than 50% of land
area covered by vegetation.

Watershed has less than 50% of land
area covered by vegetation.

Generally the soil is dark or mottled
grey and black in color. Very often an
odor similar to decomposing sewerage
fﬂéS) ig perceived when moist soil 1s

exposed & few inches below the gurface. .

Land is well drained in an agricultural
sense. Generally a light cclored soll.

Examples:

1. Inorganic Oxidizing: May be sand
dunes, or rocky watersheds with
11ttle topsoil or vegetatlion.

2. Organic Reducing: May be marshland

or watersheds similar to those found .
on the coast. Odor of st perceived.

25b
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