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~ HANFORD WORKS

- BDS-12 - SEPARATTONS PLANT DESIGN DEVELOBMENT
PROTECTION OF EXTERIOR BURIED WASTH LINES

In accordance with your request this office has made a study of existing and
proposed methods of protecting exterior buried waste lines. z

The study investigates the problem of protecting underground lines in general
and reviews the various methods of protection employed. The types of Pro-
tection employed at Hanford Works including cathodic protection are reviewed
and ahalyzed. The probable effect of leaks are evaluated. New encasement
designs are developed. Cost analyses are made on all types of encasements

A consldered. Finally recommendations concerning the typs of encasements to
use and the locations in which they should be used are nade,

The following report has besn wiritten as a part of thsAébove stud& and pre-
sents all the information accumulated on the above subjecta. Thie copy is
btransmitted herewith for your information,

. H. F. Peterson, Designing Engineer
Architectural; Civil & Structwral Group
- - Design Engineering Unit

- By ,égi Cff é£4‘4:u11~
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Drawing No. Sht, No. - Title

SK-2-1082 3 Protection of Exterior Buried Waste Lines -~ 241 TX
- Single Line Method. :

SK-2-1082 4 Protection of Exterior Burled Waste Llnes - ok -TX
' Methed.

SK-2-1082 5 Protection of Exterior Buried Waste Lines - S41-TX

Expansion Method,

8K-2.-1082 6 Protection of Exterior Burled Waste Lines - 200-B
and 200-W.Line Method.

SK-2-1082 7 Protection of Exterior Buried Waste Lines - Pipe
.Buried in Concrete Method.

SK-2-1082 8 Protection of Exterior Buried Waste Lines - Tile
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SK-2-1082 10 Protection of Bxterior Buried Waste Lines - Pro-
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INTRODUCTION

The‘prccess wastes from the separation plants at Hanford Works are trans-
ported by underground pipe lines to underground tanks for storage in the
case of high level activity wastes and to underground cribs and tile fields

for disposal by seepage into the ground in the case of low leVel activity

e T ASS

It i=s esé;ﬁtial that the underground lines emplo?ed in this service operéte

with no maintenance or leskage, and that failures be reduced to a minlmunm.
The reasons for this are as follows:
1. A Pailure of = high level activity waste line can cause a serious

hazard on the ground surTace and may in addition contamlnate the

ground water.

2. It is almost impossible to repair a line that has falled because )

of ‘the' radiation hazards involved. —
3. The failure of all waste'lines to a plapt may cause it to shut
'&qwn until new lines can be buillt or umtil difficult and costly

repairs are made under SWP'restrictions.

Previous to 1947 several of these waste lines failed. Because of the
Beriﬁusness &f the problem a considerableianﬂunﬁiof research‘énd gtudy
has ‘heen done since then in an effort to determine the cause of the fail-
ures and prevent additional fallures of existling lines; Qs a result it
has been Uetermined that the chief cause of failure was exterlor galvanic
action. In addition it is recognized that failure can also ?? caused by

excessive external mechanical forcesg, poor design and faulty construction

and workmanship.

DELASSIFIED
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Exterior galvanic corraosion has been eliminated through the application of

cathottic protection to all lines. Prevention of mechanical Ffailure and

control of the process wastes in the event of a leak hae been accomplished

through the provision of encasements for these waste lines,

To dabe, although lines developed since 1947 hgve followed_g standard _

deslgn, there has been no concerted effort made to develop the most sult~

gble and economical encasement or protection ofrburied'steel lines based

on a study of past experience and general practice. Therefore, this study

wasg authorized to:

l.

Investigate and evaluate the different methods of protection of

“ undcrground pipe used in general practice.

7 Review and appraise the different methods of protection of under-

ground waste llnes used at Hanford Works.

Discuss the probable effects of waste line failures.

~ Recommend the most sultable and economlcal protection for buried

steel lines.

cmemas [ECLISSIFED

The folibwiﬁg recommendatlons are submitted:

lD

2. .

All exterior buried process lines shall be provided with cathodic

- protection in accordance with Specification HW-3946,

All exterior process lines carrying sq}utions with a high activity

~ level shall ‘be encased in a reinforced concrete encasement where

they are located in congested areas, around structures, under roads

or railroads and in the near vicinity of other pipé'lines.
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_aieré the lines are locéted in iéolated-areas and_ﬁiére 1s no_-

danger of wide spread contamination in case of line failure they
may be buried directly in the ground without the use of encase-
‘Hments provided that direct burial I8 economical, feasible and a

rositive leak detection system is used.

3. The concrete encasement recommended for multiple line encasements
shall be similar to thgt showr on Drawing 6K-2-1082 8h. 10, The

encasement shall be constructed without any special concrete

,finiéh-and without a water proofing memﬁrane excéit in special_
‘cases., There shall be no selected backfill and no gpecial com-

‘paction will be required.

Only the interior surfaces of the sectibns of encasements within

25 feet of a connectlon to a bullding, .diversion box, fank, etc.

;§hall be coated or palnied to pg?mit de?ontamina?%oE_if necessary.
The type of coat or palnt requiré& shall be determined at the
detail design stage.

4, AL exterior buried waste lines carrying solutions with a low
?éctivity level need ot berenca;;d éxcebt where mecﬁénical pro-
j%ééﬁion is néeded because of location 1@ congested ;}eas, under

_;?pads or rallroads, or near other lines and structures. -

5. The cha¥géter of the solution carried sﬁall be apalyzed at the
:&atail éesign stage and the necessiﬁy qf an epcasem;ﬁt determingd,

6. tThe encasement for single exterior buried waste lines shall be
similar to that recommended for multiple lines.with'the dimensions

.changed to suit the single line.




IIT. DISCUSSION

A. A DIBCUZSION OF METHODS FOR PROTECTING STEEL ;;NES 48 USED IN GENERAL
PRACTICE. - o - o
= = -
1.. De’be:t‘ior_ati'on of Buried Steel Pipe ﬂEﬁlASS!Fltﬂ
« 2 a. Cause ) - : . .
4 e Buried. pipes are subjéct to deterioration as a Tesult of their
. . comtact with the soil. The extent of disintegfation will de-

N pend upon local conditions such a§ the type of soll and the

fm presence of destructive salts, bacteria, or other unfavorable

factors or agencies. The attacks may be prevented or minimized

. by proper protectiocn.
' ;ib, Methods to Determine the Degree of Protection Requilred.
24m The presence Or absence of conditi;ns that may%éct adversely
3 on buried pipe and the degree of protection reguire& for a
17 proposed pipe line may be gstimated by severa%;methods among -
- which.are the following: o -
1. $Soil Rods or Shepard Canes .
- This instrument is used to measure the soil resistivity
in fleld surveys. - i
2, The Denison or Buresu of Standards Soil Tegts
= - 'Soil samples ere tested by measuring the depth of the
3.

pits on the anode of a Denison Cell, The corrosivity
The Putnam Corrosivity Cell

is determined from pit times depth curves._

- DECLASSIFED
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sulting current flows are measured by & delicate galvan-
- oﬁeber which has been'caiibratg§ under kn&wziconditio;é.
T k., Actual field experiences and eiﬁeriments conducted by the
General Electric Company at Hanford Works.

‘2, "Protection of Steel Plpe Llnes by Coatlngs ' -

‘a, The fundamental requirements of a satis?actory pipe line coat-
,. B ing are: ~ o L

1. It must be chemically inert in order that ilts character-
istics may remain unchanged. |

2, The coating must remain in intimate contact with the sur-
face of the pipe it protects.

3, It must have a low electrical conductivity..

j k. It must be capable of resisting damage under external
loads, )

5., The coating must adhere tightly to the pipe metal at any
temperdature to be encountered by the pipe. The coating
must not become britthﬁat”;ow;temperatures"or become -

- soft or tend to run at high temperatures,
_b. Types of coating which meet the above,requiremgnts are as
follows: - -

1. Asphaltic Pipe Ceoalings

. %%A% This coating consists of a high grade asphaltic dip in
combination with an exterpql wrap_of firgt guality pipg_
¥ line felt, firmly bonded to the pipe. The coating is

applied by pre-heating the pipe and then dipping the

pipe in the hot coating.

DECASSFIED gy <
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Asphaltic Enamelis

Enamels have been developed for coating pipe that conslst
of highly refined asphalt and inert mineral fillers. "By
the use ofrap asphalticwgnamel'}tris praqtigéble to apply
a heavier coating Lo metélscthén is obtaineé yhere P;P?,is
dipped. The primer and asphalt are applied by hand brush-

ing or spraying. ) -

Ccal Tar Enamels : : -

. Enamels have been developed for coating steel pipe that

DECUSF

cousist of processed coal tar pitch mixed with the proper
amount of inert mineral fillers. At the present time very
1little coal tar pitch is used for coating steel pipe.

Wrapping Steel Pipe

For the most satisfactory protection it is gonsidered nec-
essary to wrap the steel pipe afte% it has been coated.
This is done by using a heavy tough wrappe;;such as gsbestog
pipe ling felt of 15 or 23% pound grade. The wraps should
be applied mechanlcally and bonded to the coated pipe with
additional hot coating under the wraps.

Concrete -

An outside layer of concrete is sometimee applied to welded
steal pipe. This is usually applied by the gunite method,
after firet covering the outside of pipe with wire mesh to
serve as reinforcement.

Neoprene Jackets are applied to small pipe and cables.

These jackets may have a cathodic protection consisting of

anodes of megnesium bars.
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czf Excavation of Coatings
~ 1. One small pin hole or break in the coating can cause &

failure in the line under unfavofable electrolytic condi-

tion.

2. Field experiments by the General?Electric Company at
Hanford Works have found coatings and tapes ﬁ;satisfac@ory
- for waste line protection. (Reférence: Hanford Works
Standsrd Committee on-Stainless Steel Pipe Pﬁotection -

SubeConmittee Report dated §-15-49, Part ¢ paragraph 2.)

Cathodic Protection

Methods

1 g

A pipe line is protected from electrolytic actlon by being

made the cathode of a D.C. voltage glectricallsystem through-
out its eﬁtire length. This is done by prefefen%iéi elééﬁrical
drainage in the following manmner. BScrap steel used as anodes
— ig buried in groups along the line,:each group being inter-

~— connected by a suitable conductor cable. A recﬁifier is com-
rﬁected”to the fipe'liﬁés and to the snodes in suck a manner
that when operating, current flows from the pipgrline to the

_ rectifier and fromithe rectiéiéi to the anodg; and then back
- through the soil to the pipe. The anodes are gradually cor-

roded away and the pipe line being the cathode 1s protected.

. Encasements

_a, Types
Scme pipe lines are protected by piacing them in a concrete
tunnél, tile pipes, tile conduits g? concreté éicaaements.

BECASSFED
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B.

It is the practice of the Hanford Works to protect the stain-

which is placed a reinforced concrete cover slﬁﬁ, A membrane-

is applied over the top and sides to make the structure water-

permlt thermal movement of the plpe.

b. Reasons Tor Encasements

1. To prevent the possibility of pipe failures due to exter-

nal disturbances.

AL ]

less steel waste lines by using concrete encasements. The

encasements congist of a reinforced concrete curbed base on

proof. A system of anchors and exiansion loopé'is usged to

ey e —

2. In the event of pipe fallure to control and conduct the

flow of leaking conteminated wiste or leakage to a collec-~

tion point.

ment .,

4, To keep pilpe free from contact with soil which might serve

as an electrolyte.

5. To serve as a radiation shield.

3. To keep pipe in line, on grade, and allow for thermal move-

A DISCUSSION OF EXISTING WASTE LINE DESIGNS USED AT HANFORD WORKS,

THELR ADVANTAGES AND DISADVANTAGES,

1, _ Direct Burial on Concrete Slabs

a, Genersl

200-8 and 200-W Areas at Hanford Works.

struction no cathodic protection was used. All lines installed .

DECLASSIFIED
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This method was used in the original construction of the

At the time of con-

since 1947 have had cathodic protection. (See SK~2-1082, Sh. 1).



b. Description . o~ _

The waste lines are laid in trenches on top of curbed

utol

concrate slabs rumning the full lengbh of the lines.

The trenches were backfilled with original earth, after

the pipes were installed and pressure tested.

d — " c. Advantages -
i' 1. The purpose of the slab‘is to keep the pipe on a
true grade and in iine° ;; - - B
2. The slab offers some pfotébtion againsifmechanical
. failure ?- N
3. The slab offers protection against uneven local
setilement.
d. Disadvantages
- 1. 1In case of a failure, the tontaminated:ﬁaste can flow
= uncontrolled into the surfauqding grbuﬁd. )
2. In September, 1947, pits and holes duefto exterior _
galvanic action vere discdvered in some of the exist-
iﬁé_iinesu On this-tiié qf constfucfigﬁ withouﬁ ééthodi;-
protgct;on the pip? ismgugggpﬁible tP galvanic action
as 1t is in direct comtact witw thé_:fea;i:h. The tsil;;b,
due to iﬁs shaﬁe, will impound seepage:ﬁater which )
favors galvanic action.
i c. ©Small leaks can not be readily detected.
bt 2. Direct Burlal on Wood Sleepers = -

_. a. GQGeneral . _

This method was used for the BX tank farm %hich was con-

DECLASSFIED
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structed in 1946, These lines did not have cathodic protection

= apd failed within three months. (See SK-2-1082, Sheet 1,

attached, also H-2-610 and E-2-653, . i

;b. Description . _

: In this method the pipe was lald in notches on 6" x 6" timber

sleepers. The sleepers were spaced at 10 foot intervals along

the trench. The lower portion of The back £ill was compacted

with water. Compacting the backfill with water has a tendency

to concentrate the natural salts and form water pockets at

- the bottom of the ditch thereby créating an electrolytic con-

dition. The wood block will also gosk up moisture making possible
glectrolytic action between the pipe and the wood sleeper.

3. Inverted, “U" Shaped Cover Concrete Encasement |

a, General o ’ = N

This type of encasement was used for the 241-BX installation

in 1947. These lines now have caﬁéodié-protécééon which the

original design did not specify. (See BK-2-1082, Sheet 2

attached and Drawings H-2-860 and H-2-853). =

b. Description
This type of encasement consists of a continuous reinforced
concrete base slab and a reinforced concrete inverted "U
shape cover, with side walls and ﬁpp precast together in
sections. The base slab slopes from the ouber edges to the
center for drainage. Expansion joints in the base are con-
structed at intervals of 100 feet.. Each joint has a stain-
less steel strip for a water stop and is filled with asphalt.

 DECLASSIFIED
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The base is covered with two layérs of robfing'félt and a
- sheet of fiberglass 1/8" thick. Each layer is mopped with
asphalt. The cover section is temw feet long and has lifting

hooks. The inside of the cover is painted with asphalt.

Z  The joints between cover sections are covered with a foot

wide strip of Sﬁ# felt mopped with asphalt over @hich is

" placed é strip of 8# lead. The process pipes are supported
on a piécg of wood fitted into a 3" chammel. These channels
are at right angles to the pipe, bolted directly to the glab,
and are spaced at ten foot intervals. 'A system 9f pipe ben@s,
Jdoops and anchors is used to take care of therthermal move-
ment of the pipe. The encasements d%ain into a catch tank

i} gt the diversion boxes. o - -
¢. Advantages ' . =

1., The slab kgeps the pipe on a trie grade and in line.

2. The encasement protects the pipéragainst mechanical fail-

ure from external loads. - -

3, In.case of a line fallure the contaminated waste will be
contained in the encasemént and_;aught in the catch tank.
k, Bmdll leaks can be readily detected
- 5. The Waste lines are nob in contact with the soil

6. The top slab serves as a radiation shield.

e

Disadvantages . -

1. The lead used 18 a2 critical matérial

|

2. There is no mechanical bond.bet@eeﬁ the base and cover

slsbs. The thermal movement of the base and cover slabs

DECLASSIFIED




way not act together which may result in cpenings through

vhich seepage water can enter
e. Iistimated Cost is Given Under Part IV "Comparison of Cost

of Existing Methods and Prop05ed'Méthod§.‘
Single Process Line Encased in a Carﬁoﬁ'Steel Pipe
8. General S

Th;s method of protection is used om single linee of the

241-BX. (8K-2-1082, Sheet 3, attached, and Drawing H-2-856. =
b. Description . - | - o
—  On straight runs the 3" stainless steel process lines are en-
cased in 6" carbon steel Pipe. Stalnless steeliééraps are
welded to‘the 3" stainless steel piéé at five foot intervals
for supports. The outside line is welded togethér after the
process line has been tested. A 43" slot 1s cut _in the carbon
steel pipe at bends to receive Eﬁé S%ainless s;eéi bipe, éh;
cut plece is then replaced and tackgﬁelded.

c. Advantages - -

This method makes a tight continugus encasement.

a, Disaﬂvantageé

L. Both the carbon steel and stainless steel lines must have
catﬁodic protection. o - - |

2. Two dissimilar metals are in contact. - .

3. Two linés of this type failed in 1951, The cause is being

investigated at this time.

7. Reinforced Concrete Encasement with "y Shaped Base and Flat Cover

Slab. , DR
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A, Genersl ‘ ' : -

T 7 ‘This type of encaseémént was first used on the 241-TX and 241-UX

Works since that time. (SK-2-1082, Sheet 4 and 5 attached,
= Drawing H-2-845, H-2—5217—3=and Specification HW-3937.)
h. Description =
The base is a continuous relnforced concrete Blab with 8 inch
| high curbs on each side. The floor slopes to tﬁe center for

drainage-

The top is s flat reinforced concréte slab, precast in ten

foot sections with bails for lifting.

The encasement is sealed by the applications of Amercoat #16,
vinyl. plastic mortar between the cover slabs and base curbs,
The cover slab ends are butted against a 1/2 thick fiber ex-
pangion filler and the Joint is filled with a hot sealing
compound, A 2 ply waterproofing membrane is applied to the

outside surface of the cover slabs and eﬁcasémept sides,

The waste pipes are supported on concrete tubular sleeves

spaced on 15 foot centers.

Inside surfaces of the encasement and the concrete sleeveés™

are given five coate of Amercoat #33 vinyl plastic paint.

A system of bends and anchorg are used to permit controlled
thermal movement of the pipe. (See SK-2-1082, Sheet #5

attached). The waste lines have cathodic protegtion.

DECLASSD e

_process lineé in 1947. Sim%lar degigns have been used at Hanford
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c. Advanﬁages - i — g

4. Disadvantages

—e.  Estimated Cost of A S-Line Encasement

HW-24500

Tegt risers are spaced about 400 feet apart along the line.

In case of pipe failure all conteminated wagte is con-
tained within the encasements énd is drained into a catch
tank.

The . plpe has §oubl¢ prq?ecﬁiongagainst extegior‘galvanic
corrosion. It has cathoéicfprétection and is not in com-
tact with the earth. 7

The encasement protects the waste lines aga;nat mechanical

failure from outside loads.

Small leaks can be readily detected by sampling through

the test risers.

The encasement serves as. a radiation shield.,

It is estimsted that the vinyl plastic costing costs $3.60
a running foot and the plastic mortar costs $1.48 ﬁer run-
ning foot for a five line encaéement assuming the work is

done under ideal weather conditions. The vinyl coating is

to protect the concrete from the chemical effects of the

waste solution in case of a ledk.
Barth tremors may possibly dislodge the cover slab as
there is no mechanical tie between the cover slab and

bhase.

The estimated cost of thils encasement is gliven under Part IV

. = "Gomparison of Cost of Existing Methods and Proposed Method".

DECLASSIFIFD
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Modified Concrete Encasements With "U" Shaped Base and Flat

Cover Slabs : - = B -

a.

General

This type encasement is used for the 2L1-EW process line,

project C-362 III constructed in 1951. —

The encasenent is almost the same as described under Paragraph
(III~B_5) with a few minor improvements. (SK—EJlOBE, Sheet No.
6-étfached, Drawing H»2—h308&, Sheet 1 of S).- o -
Dascription

The description of this encasement is the same as that des-
cribed under Paragraph (III-B-5) above but with The following

differences:

1. A taper screw cone nut 1ifting stud is used in place of

1ifting bails. ~—— - - = - - =
2. Vitrified tile tubular sﬁpport_gleeves for the plpe are
used in place of concrete sleeves.

3. Design of the cast anchor block was improved resulting

e DECLASSIFIED

1. The advantages of this encasement are the same as those
7 listed uﬁder Paragraph iIIi;B-ga above,

2; The use of vitrified tile supports in place’of concrete
sleeves save approximate;y 14 gents per running foot_of
encasement because no painting is required for the tlle.

3. The use of lifting studs permiﬁe a more water tight con- —

sbruction and reduces the cosﬁ'of laying the water proofing
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membrane as no cubtting or fitting is required around lifting
studs . /yfw AMA-»-’: f'wr;w . .-

Disadvantages
The disadvantages of this encasement are the same as thosa
in Paragraph (ITI-B-5) above.

Estimated Cost of -a 5-Line Encasemént

‘The estimgted cost of this encasement is given under Part IV

"Comparison of Cost of Existing Methods and Proposed Method".

C. A DISCUSSION OF PROPOSED. TYPES OF WASTE LINE ENCASEMENTS, THEIR ADVAN -

TAGES AND DISADVANTAGES.

1. Waste Lines Enclosed in a Parting Membrane and Buried in a Reip—

"forced Concrete Slab.

-a.

DECLASSFED g

General
A method similar %o this one hée'béen used successfully for

‘protection of underground steam lines. (SK-2- 1082, Sheet 7

o DECLASSIFIED

The pipe is Wrapped in water proof;a corrugated paper mem-
_ﬁ;ehe‘and buried in a feinforce& concrete slab . A system
of-anchors and expansion loops are used to permit controlled
thermal movement of the pipe;- Any outeide seepege oe leakage
is caught in the expansion loop chamber and cerfied ima
vitrified tile drain line to the catch tank. fﬁé corrugate&
paper will allow the pipe to move freely as the temperature
changes. Any leaskage will drasin to the expansion loop

chambers through the annulus between the pipe and the concrete.
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A pipe riser is installed at each loop chamber for taking

samples .

Advantages

1, The encasement protects the waste lines againet mechanical
failure,

2, The encasement keeps the pipe from possible electrolytic
action resulting from contact with the soil.

3. In case of leakage the encasemeht prevents contaminated
waste from flowing into the surrounding earth.

4. The encasement is of monolithic construction,

Disadvantages

i. The encasement is not protected against solubtions harmful

| to conéreﬁe. However this éan-ge overcoﬁ; §} wreapping
the paper membrane with a thin sheet of #infi plastic
which will give the proper probtection to the conerete,

2, The encasement can not be readily decontaminated in case
of & leak,

Estimated Cost of a 5-Line Encasemendl

The estimated cost of this encasement is given under Part IV

"Comparison of Cost of Existing Methods and Proposed Method”.

2. Pipe Enclosed in a Half Section of Vitrified Tile and Buried in

* om0 DECLASSIFIED

A method similar to this one has been used succeéssfully for
protection of underground steam lines., (SK-2-1082, Sheet 8).
Description

The waste lines are laid on a flat. reinforced concrete slab.
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Stainless steel shoes are tack welded to the Bottom of the
pipe at 10 foot intervals. Ealf sectlons of vitrified clay
pipe are set in mortar on the slab and over: the eta%nless
steel pipe. Concrete is then poured arocund the clay pipe.
A system of'anchors and 1oop§ in a ehamber is used’to permib

controlled. thermal movement of the pipe.

Fach line drains into the expansion chamber and from there .

into a vitrified tile pipe line to & catch tank.

The expansion loop chambers have test riser for sampling.

The floor of each chase may be painted with-plastic vinyl and

the tile set in plastic vinyl mortar if concrete protection is

e DECLASSIFIED

1. The encasement protects the wasbe lines against mechanical

failure.

2. The encasement keeps the'piﬁe egt of poséibie electrolyte.

3. In case of leskage the encasement prevents contaminated

waste Trom Tlowing into surrounding earth;

. The encasement is of monolithic comstruction.

Disadvantages -

The half sections of vitrified clay pipe may be hard to pro-

cure at the time they are needed. - .
Estimated Cost of a 5-Line Encasement ;

The estimated cost of this encasement is given under Part IV

"Comparison of Cost of Existing Methods and Proposed Methods.

il
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3.  Concrete Base With a Part Circle Culvert Corrugated Iron Top.

‘a. General - T
- This bype of construction is used by towns and clities as a

drainage structure under streets and pavements.” (SK~2-1082,

Sheet 9)
' b. Description

' The encasement consiste of a reinforced concrete hase and a
corrugated iron part circle culver% top. There:are two 7
types, 1n one the top is covered Witﬁ a thin layer of con-

crete and a two ply water-proofing membrane. In the other

the part circle top is covered with a thick slab of concrete

and no membrane.

The base may be painted with a vinyl plasttﬁ“coéting, and
the underside of the culvert may be painted before installing.
A system of anchors and bends is used to'permit controlled
thermal movement of the pipe. Risers are installed 'at inter-
vals for taking samples.
‘;c. Advantages L =
This type of encasement is of monolithic ?onstruction, It
__ _nas all the sdvantages of the 241-EW line and 241-TX line,
See Paragraph (IIL-B-6) of this report.
» d. Disadvantages
1. Corrugated iron is critical material at present. The

weight of the reinforced steel:énd corrugated iron is

estimated at 65§ per foot compared to 48f of reinforcing
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steel per foot for the concrete cover slabs presently
used on the Hasnford Works type waste line encasements.
2. Part circle culverts of a size:cépable of accommodating

more than 5 lines are unavailable. Where encasement of

more lines is required a miliiple span arrangement must

beiusedgi
.e. Estimated Cost for 5-Line Encasemedt
The estimated cost of this encasement is givenAﬁnder Part iﬁ
"Comparison of Cost of Existiné Methods and Proposed Method."
"g" Shaped Base and A Flat Slab Cover (SK-2-1082, Sheet 10) -
- This type of encasement is similar to the 241 EW type. In this
fsystem the pipe lines are spaced at 6 inch centers, the encase-
ment is 39-8" wide and contains .19 cu., yards concrete per lineal
foot. In the 241 EW type the pipes are spaced at 7 inch centers,
_the encasement is 47-4" wide and contains .22 cu. yards of com-

crete per lineal footl.

The inner surface of the cover slab is_dropped 2 inches to prevent

it from shifting sideways in case of earth tremors.

 Mortar is used béetween the base and cover slab. Mortar is also
_ used between the end of the cover slab_instead of mastic expansion

~ Joint material as used on 241l EW. It Is assumed the mortar unites

the base and cover slab causing them to move together in the event

;*of expsnsion or contraction. For this_reason the é;pansion joints

are unnecessary between each cover slab. _
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. D. A DISCUSSION OF PRESENT CATHODIC PROTECTION USED AT BANFORD WORKS AND

RESULTS (OF PREVIOUS STUDIES,. | -

1l. - Present Cathodic Protection . R

- Cathodic protection is applied to all buried stainless stee;,lines
T4ncluding lines in encasements in accordance with Sgecification
_HW-29h6. On nev constructién it is apﬁiied immediately after
placement of the stainless steel ﬁipe in the ground or in the en-
- E;asementéii The General Electric opera%ing forces sépervise the

installation and make final adjustments such as voltage regulations.

';The following requivements and recommendations are set forth in

Specification HW-3946.

“a. Rectifiers should generally provide direct current voltage,
equal to 0.001 ohmic resistance/C cube for stainless steel.

' b. _The followlng voltages, angde or cathode, have been established.

B ) o Area o — Direct Current Volts
200 East . 30 volts —
200 West = 60 volts or more

" ¢. Current consumption is usually smsll. Twenty smperes rating
D.C. is normally ample'for any insﬁallation in Hanford Works
- golil, : : _
~ 4. The rectifiers presently used arei copper oxlde type, fan
cooled, single phase, 60 cycle, 115 volt, General Electric
' ) Model 6RC 109F5, Voltage 115 AC/30 DC and Amperage 10 AC/

= 20 DC,

For future installation ap ¢il immersed type of the same

i

- rating is preferred.




" e. Anodes are constructed of old ReRs%rails. -

¥, No provisions are made for elther manual or auntomatic coniec-

tions in case of power outage. . i -

- The application of cathodic protection to stainless steel pipe in
~storage is unot practical, mainly because it cannot be controlled

.. under storage conditions. Any new installation call influence the

. protective value of an existing one and/or influence corrosion of

other buried metal structures s¢ that a new application must be

. correlated to existing protective schemes. Maps showing existing

- cathodic installations are avaiiablé. -

2. " Results of Previous Studies _
In September, 1947, immediately after ‘the discovery of a fallure
in existiné buried 1ine, studies of galvanic corrosion and pro-

" tection against it were undertakeﬁ byzthe Electricéi Division..

« These studles were compléted.Augustrlg} 1949, and fhe data and

recommendations were reviewed by the Stainless Stegél Pipe Sub-

Committee of the Hanford Works Standard Committee.

Cathodic protection was applied to all buried stainless sieel
lines during the time of the study. Field experiments were made

and the dats was presented to the committee.

0

Controlled tests of burled samples were also made. Although
—no pitting was discovered on protected buried samples in six

months time, similarly buried unprotected. samples vere definiﬁely

pitted during the same period of time.

| . DELISSFED
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Torced tests led to pitting of all pipersamples cove. 7 ed with tapes
_or other protective coverings with the exceptlon of'Tape Ceoat.
=Tape Coat 1s not suitable for high temperatures as it pecomes
_soft at about 120° F., No failures were discovered in any pro-

- tected pipe lines during the 20 months_ the studies_;ére c0ntinued
. Experiments were made to determine liné failure by checking varia-
'ﬁtiopgrin protective currents. It was Tound that such variations

are too sensitive to serve as a relisble indicatiocn of possible

" leakage in the pipe.

As a result of these studles, and recommendations in the Subcommittee
~Report of August 15, 1949, and of November 30, 19&9, the Hanford
_ Works Standard Committee gpprovéa Specification HW-3936. This
—specification has been used for all stainless steel pipe line in-

stallations since that time.

During 1951 two new pipe line failures were discovered in the 200
‘Bast Area. These lines connect the 221-B Building with the dlver- .
~ sion box. The lines are single and encased in a steel pipe. The
i encasement carried the leakage to the_;atch tank-where it wag dis-

" covered. The causes of the faflures are being investigated at~

this time.

The above two leaks are the only faildfes known to _have occurred

" between September, 1947 to January, 1952. (See SK-2-1082, Bheet

3 attached.)

DEGLASSIFIED
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L £. A DISCUSSION OF THE EFFECT OF POSSIBLE LEAKS IN EXISTING LINES AND THE
HAZARDS THEY MIGHT CAUSE, _ ﬁEE!- ASS!FiE
1. Wasﬁe Line Failures in Lines in Encasements '
Any leaskage from a pipe in an encasement will be carried along the
low point of the base to the catch tank_at the diversion bok., The
. iocation of the leak may be found by taking swab samples through
risers which are spaced about 400 fegt apart along the encasement.

The encasements may be decontaminated by running acld through a

4,;,!.0.»1
sample riser, and subsequently flushing through the risar=ﬁ¢#€{b;GJ4§aAJ;
‘JVM;‘W !u-:‘- x Py s

In 1951 two leaks were found in a steel. encased line of the 200-E
Area. The leakage flowed in the encasement to the catch tank
whe:e it was detected. No hazards were created on the surface due
to the leakage. = - - = T
2. Waste Line Failures In Lines Not In Encasements

a, In case of a pipe line failure the hydraulic head may cause

- . a washout or cave in, or the waste,may rise to the. surface

and in either case will cause g_raé;ation hazard. In 1947

a Failure of this type of a line in the 200-E Area caused a

cave in and crqateé a very high raégation hazgré on the

ground surface and surrounding area.

b, Caplllary action may bring cortaminated waste from small

leaks to the surface.

3 _

c. Plants may bring radiation froﬁ‘sméll leaks fb the surface
4 through thelr root systems.
-d. Waste from leaks may enter into the water table. This may
be serious depending upon the quantity of waste leakage and
. certain water table conditions.at that time.

-29- -




e. Waste leake may contamirste near by servige llnes or seep into

DECLASSIFIED

nearby basements, tunnels, plts, ete.

3. Conclusions

There 1s always the possibility of an uncontrolled radiation hazsrd
eiisting where lines are not in encasemeﬁﬁs. A, Iin; failure nay
take place in an encasement but the hazards csn be adequately con-
tiplled. | |

IV. COMPARISONS OF COST OF EXISTING METHODS & PROPOSED METHODS OF ENCASEMENTS

Ao
Par. HNo. Type Drawing _ Average Cost
- . — - Per L.F.
1. Existing Waste
Line Designs o B )
III-B-3 Tybe 241-BX SK-2-1082 Shéet 2 $ 33.33
III-B-5 *¥Type 241-TX BK-2-1082 Sheet 4 & 5 32;28
III-—B—6 ¥Type 2h1-E&W SK-2-1082 Sheet:5 & 6 31,21
2. Proposed Waste _ M
Line Designs -
III-c-1 Concrete Em-  SK-2-1882 Sheet 7 15.00
L bedded Type ) _ _
III-C-2 5 Tile Type 8K 2-1682 Sheet 8 58,00
. 1 Tile Type  B5K-2-1082 Sheet 8 43,50
JTII-C-3 *Corrugated Cul- SK-2-1082 Sheet 9 32.89
: vert Type,
Scheme I =
#*Corrugated Cul- SK 2-1082 Sheet Q. - 29.00
vert Type, .

. Scheme II I B )
iII -C-ly #"Y" Slab Base & SK- 2 1082 Sheet 10 - 21.7h

Flat 8lab Cover N
Type, Recommended )

*For comparative purposes cogts are based on Amercoat #33 applied on
interior poncrete surfaces.

Aweraée costs per lineal foot are based on quantities and labor required
to construct a minimum of 200 feet of 5 1ine,encasement.

The costs, shown do -not include piping excavétion, contingencies, over-
head and distributlions.

Costs are based on normal conditions using wooten forms and include pipe

anchors. - TFor a large amount of encasement a well designed steel form would

appreciablj lower these cosis. -
-30-
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B. QCOST ANAL¥STS OF EXTSTING AND PROPOSED FIVE LINE ENCASEMENTS

SK-2-1082 SE-2-1082 SK-2-1082
Sheet #6 With Sheet #9 Scheme #1 Sheet #10
Precast Gonc. Covers | With Corr. Iron Cover with Concrete Lovers
Existing Provosed i
:%l : [ | R A L TR I (- 4 Unit T.Otal Unit Total Unit Total
; Ttem | Description " |"'QMan, |Cost Cost| Quen. | Cost] Cost | GQuan. | Cost Cosg
43 11, Comorete, cu. yds. 0.25 165.00 1216250 0.27 160.00 k16,20 | 0.19 165.00 [¥12.35
= |2, Reinf. steel, lbs. 48.00 | 0.15 {* 7.20] 33.00 | 0.15F %.95 | 25.00 | 0.15 [¥ 3.75
3. Corr. steel liner, lbs. wmms | —e——- m—== 32.00 0.25 f¢ 8.00 - come ==
E[ k, Cement mortar, Jineal ft. 1.00 | 6.21 0,21 wmoo seoe | oow- 1,00 Q.21 % 0.21
5. Potal * 23.66 29,15 16.31
Other Misc. Costs Not Included if The Abote Ttems:
6. Waterproof membrane sqg. ft. T.00 | 017 |* 1,19} -=-- e 6.00 0,17 * 1.02
T. Select compact backfill cu. yds. 0.50 § 5.00 2.50 <=m- cone § oec= 0.50 5.00 2.50
8. Auercost #33 sq. . 8,00 | 0.45 |¥/3.60] 8.00 } 0.b5 ¥ 3,60 6,70 | 0.5 |* 3.02
9. Amercoat #55 sq. ft. 8,00 | 0.56 | &.48] 8.00 | 0.56} Lk.k8 6.70 | 0.56 | 3.75
10.  Amercoat plastic mortar lin. £t.| 1.00 | 1.h8 1* 1.48] -=e- . 1.00 | 1.48 | 1.48
11.  Bituninous paint, sq. ft. 8.00 | 0.165] 1.32} 8.00 c».:L6gPb 1.32 6.70 | 0.165] 1.10
12, Tile sleeves, lin. ft. 1.00 | 0.1k |* 0.1k : 0.1% 1,00 | 0.1k [* 0.1k
i3. Conec. sleeves, lin. f£t. 1.00 { 0.28 0.26] 1.00 0.281 0.28 1,00 0.28 0.28
1)-1:0 "SIQO‘Othg hard interior finish for HEEE] T S TR AR | [ it . ' | . .
peinting, lin. £t. 1.00 1 0.10 | 6.10] 1.00 '} osiol 6o | 1.0d | 010} d.10
- 315. Sslact Backfill cu. yds. 0.50 § 2.50 [¥ 1L.25] ===- comm § memo 0.50 2,50 ¥ 1.25
! . *Potals shoun on Cost Camparison’ $3L.51 }32.89 LTk
i =~ 1. These Tigures represent estimated costs of minimum encasements. Although the existing encasement
> shown included more items of work than are represented by the $23.66 figure, this hes been includsd
.: o0 furnish a basis of comparison between the exlsting encasement and the proposed minimm encasements.
2. Toems 6 through 15 show estimated costs of items of work which may be added to the basic minimum
; gncasenents. : L : . .
3wl
- 3'

These figuras repi“asen‘c. the astimated cost of the existing encasement shown togsther with comparative
estimates of coamparable proposed encasements. | P

00GHC~MH




C. COSP ANATYSIS OF PROPOSED ELEVEN LINE ENCASRMERTS.

Proposed Eleven Line | Proposed ﬁiéveﬁ Tine |Proposed hlevern Line

Encasement Encasement Encasement
With Single With Double With Double
Span Concrete Coversl Span Concrete Covers Span Corr. Iron Coverss
‘ Unit |[Total Unit | Total Unit | Total
. Item - "~ Deseription ' §Quan, | Cost |- Cost | Quan. Cost Cost | Quan. ! Cost Cost
i -
F'e=r | 1. Concrete, cu. yae. 0. | 65,00 {26.00 381 65.00 | 2470 .5 160.00 | 30.00
Y5 | 2. Re-stesl, 1bs. 50.0 .15 13,50 | 60.00 ] 0.15 | 9.00 | 0.0 | 0.15 | 6.00
<3t 3. Corr. Steel Liner, ibs. ' 60.0 0.25 | 15.00
L | k. Cement Mortar; lineal ft, 1.0 23] .23 | 1.00f 0.23} 0.23
3| 5. Total ¥ 39.73. 33.93 51.00
X
T | ‘
| w— Other Misc. Cost Not Included in Efbo,ve S
6. Waterproof mewbrance sg., ft. 12.0 0.17 | 2.0k | 12,5 0.17 2.13 - - -
T. Select compact backfill, eu, yds.| 1.0 5.00 { 5.0¢ 1.0 5.00 5.00 - - -
8. Amercoat #33 sq. ft. 10.0 0.k5 | h.50 | 11.33 0.45 5.10 | 13.0 0.45 5.85
9. Amercoat #55 sq. ft. . 10.0 0,56 { 5.60 | 11.33 | 0.56 | 6.35 |13.0 0.56 { 7.28
10. Amercoast Plastic Mortar lin. £t, | 1.0 1.60 | 1.60 | 1.00{ 1.60 | 1.60 | == -- --
11. Bituminous paint sg. ft. 10.0 0.163f 1.65 |11.33 | 0.16%| 1.87 | 13.0 0,163 2.14
12, Tile sleeves, lin. ft. 1.0 0.31 10,31 | 0,30 031} 0.3L ] 1.0 0.31 ] 0.31
13. Conc. sleeves, lin. ft, 1.0 0.62 | 0.62 | 0.62§ 0,62 | 0.62 | 1.0 0.62 | 0.62
14, Smooth hard interior finished ‘ '
for painting lin. £t. . . 1.0 0.20 | 0u20 | 0.21} Q.2% § Ou2L | (0,21 § OL21 { /0.2y
15. Select backfill cu. yds. 1.0 2,50 | 2,50 | 1.00] 2.50 | 2.50 | -- -- --

This encasement is similar to the five line encasement shown on SK-2-1052 Sheet 10 except it has been

wldened %o accomodate eleven lines. P o o

This encasement 1s similar to the five line encasement shown on SK-2-1082 Sheet 10 except 1t has been
widered to accomodate eleven lines and a center wall has been provided to support the concrete cover,

This .encasement is similar to the five line encasement shown on SK-2-1082 Sheet 9 Scheme 1 except that
an additional section has been added|to encase the additlonal six lines.

"These figures show estimated costs of basic minimum encasements.

Items 6 through 15 show estimated costs of items of work which may be zdded t¢ the basic minimum
ancasamanta M )
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A. HANFURD WORKS STANDARDS COM‘I’I‘EE' » MINUTES OF MEETING DATED AUGUST 31,

VFC ARQIETED
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REFERENCES

1951; AUGUST 10, 1950; NOVEMBEER 30, 1949; AND AUGUST 15, 1948.

B, HANFOHD WORKS DRAWINGS AS FOLLOWS:

H-2-939 - 241 -TX Index _ -
H-2-845 241 -TX Encasements
H-2-610 241-BX Encesements .

H-2-143000 Index Map E-W Lines
H-2-43086  241-UR Encasements
C. HANFORD WORKS SPECIFICATION HW-3946, STANDARDS FOR APPLICATIONS OF
CATEODIC PROTECTION FOR STAINLESS STEEL BURIED IN THE GROUND,
D. HAWDBOOK OF WELDED- STEEL PTPE BY CALIFORNIA CORRUGATED EULVERT COMPANY,
BERKELEY, CALIEpRNiA. CHAPTER IX, PROTECTION OF STEEL PLPE. 7

&, EFFECTS OF VARTOUS SUBSTANCES ON CONCRETE AND FROTECTIVE TREATMENT,

WHEN REQUIRED, BULLETIN BY PORTLAND CEMENT ASSOCIATION.
APFENDIX - .

Sheets 1 through 10 of Drawing SK-2-1082.
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