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1. GENERAL

1.0 1 This sec ti on covers th e methods to be used
for rem oval of water from b ur ied or

und erground pressurized P IC cable, using t he
For ced Air Resto ra t ion Meth od (FA RM).

1.02 This sec t ion is revised to inclu de t he use
of liquid nit rogen cylinder s as t he recom mended

a ir source for t he FARM system. Since th is is a
genera l revision . a r ro ws normally use d to ind ica te
cha nges ha ve been omitted.

B. Compressor and Air Dryer Method 8

5. LIMITATIONS 12

6. RESTORATION PROCEDURES (BURIED CABLE)

12

1.03 Th e FARM sy ste m will restore wet PI C
cable. but it does not in a ny way prevent

th e re-entry of wa te r into t he ca ble shea t h. Th e
water e n t ry poin t s m ust be loca t e d and
repaired if FARM is to be effec ti ve over a long
term.

A. Preparation of Cable

B. Init ial Bulk Wate r Purge

C. Vapor ization of Residual Wate r

D. Cable Moisture Level Check

14

14

14

15

1.04 Th e ai r d ryi ng; met hod of resto r ing wet PI C
cab le is a t wo-st ep process whi ch consis ts

of:

• Inj ect ing hig h-pressu re a ir into th e ai r core
ca ble, th ereby forc ing; t he bul k of th e water
ou t of th e ca ble at se lecte d vent points.

E. Electrical Testing to Conf irm Restoration

15

F. Closing Sheath Open ings 1S

7. RESTORATION PROCEDURES (UNDERGROUND
CABLE) 16

A. Preparation of Cable 16

B. Procedures 16

8. ELECTRICAL TEST TO DETERMINE MOISTURE
CONTENT 16

9. DETAILED EQUIPMENT SPECIFICATIONS
AND INSTRUCTIONS (COMPRESSOR AND
AIR DRYER METHOD) 19

• Forcing ma ssi ve a mounts of d ry a ir through
th e a ir spaces in t he ca ble core to evap or ate
th e residual wa ter . Th is step is cont inued
unti l th e moistu re level of t he a ir ex it ing
fr om t he cab le vent poin ts is reduced below
a specified humid ity va lue,

1.05 Th e drying t im e for t his process is di rectly
related to th e ra te a t which t he dry a ir is

for ced through th e ca ble. Th e pressure a t t he
inl et should be as high as t he ca ble or splice case
will wi th stand sa fely (see Precaut ions. Part 2).

1.06 Water in th e core of a cable wit h insul ation
defects can ca use defecti ve pa ir s becau se of

low insu lation resistance and/or forei gn voltage s.
Gen erally, if th ere a re conductor insul ation defect s,
wa ter in t he ca ble core will ca use insu la t ion
resi stances less t han I meg ohm.

A. Dual -Compressor System

B. Generic Specificat ions

19

21

1.07 If a wet condi t ion is detected ea r ly, bu ri ed
or und erground pr essurized PI C ca bles t hat

a re giving un sati sfactor y service may be restor ed

NOTICE
Not for use or d isclos ure out side the
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SECTION 644-200-030

by the a ir dry ing met hod to t he ir prior condit ion
rat her than replaced. However, opens resulting
from long-term electrolytic reacti ons ca nnot be
res tored . Measurements of insula t ion resi st an ce
(I R) a nd fon'ig n volt ages on condu ctors ma y
det er mi ne if ca ble res torat ion is needed.

1.08 Since t he P IC cable is res tored to its pr ior
cond iti on, FAR.\I is cons ide red a restoration

ra ther than a recla ma tio n process . Meth ods for
reclaiming wet non pressurized PIC ca ble usi ng
reclam ation compounds a re cove red in Secti on
629-29S-:l I2 of t he Bell Sys tem Practi ces .

2. PRECAUTIONS

2.01 If t he ai r r n ' <;sure is inj ected t hro ugh a
sp lice CHSt\ ! he inle t s plice cas e as well as

the exit splice vases sh ould be flas h tes ted (Sect ion
6:3:3-.100.2( 0) af ter e1osi IlJ( a ndxenli nu.

1.02 The ea b:" at tn t' h igh-press ure inlet should
not be exposed to direct sunlight or ot he r

hea t sour ces. Heat frorn t hese sources may wea ken
t he polyet hyiene shea t h a nd may result in ruptured
shea t hs from t ill' res torat ion press ures.

2.03 The maximum allowa ble pressure limi ts when
a ir is injec ted 'th rough a splice case or

dir ect ly into th e cabl e a re as follows:

2.05 Even wit h t he ma ximum pressur e limi ts
obser ved, the re is st ill a remot e poss ibility

of rupturing a splice case when high-pressure a ir
is injected. Th erefore, the following precautions
s hould be observed:

(I ) Prior to pressu riza tion. splice case bol ts
should be replace d wit h new holt s.

(2) A lengt h of 1/2 -inch cons t r uct ion cha in
(Sec t ion O~H ·020 - 100) should be wr apped

a ro und t he sp lice case a nd hooked to contain
th e cas e if t he bolts fa il.

(3) Work er s m us t no t be in t he manhole or
s plice pit .!ur ing t he period the sp lice case

is under high pressure. If it is necessary to
ente r t he man hole dur ing t he dr ying proces s.
t he pressure should be reduced to 10 psi .

(1) Transducer s and contac to rs used to monitor
t he pressure s ho u ld be pn eu ma ti cally

disconn ected during restorat ion .

3. SELECTION OF CABLE FOR RESTORATION

3.01 The requirements that must be met before
using th e ai r drying method for res to ring

wet PIC ca ble a re as follows:

POUN DS PER

SQUARE INCH (PSI)

-rr:",)

INLET POINT

ARRANGEMENT

I'Ius tic splice case

Lead sleeve closu re

Cas t Iron splice ease

Through F pressure fla nge direct ly
into r-able core.

• Pressurized bur ied doub le s hea t h o r
unde rgr ound cable

• Wat er ent ry - probably a si ngular occurrence

• Wa ter ent ry poin t is or has been repa ired

• Air drying shoul d be used on nonpressurized
ca ble on ly when the added ca pacita nce of
recla mation compound is detrimenta l to circui t
perfor ma nce (eg, cable with specia l service
circuits).

2.04 Follow t be proc edu res outlined in Sect ion
1;20· J·IO·;)OJ whe n it is necessa ry to ente r a

ma nh ole.

DA N GEll: WlIen th e liquid nitro g en
m e t h o d i s u s ed. r efer to Sec tio n
620-140-50 1 for m anhole v e n t in g
proced ur es . Nitrogen escapi ng fr om
th e exit op ening will displa ce normal
a ir w i thout w arnillg a n d ca n ca use
.qs phy .{ia tion in a confined area witho u t
ade q ua t e ve ntila t ion .
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3.02 Fa ctors tha t shou ld be taken into account
in selecti ng the most fa vor abl e length of

ca ble for restora t ion are:

• The length of ca ble suspected of conta ining
water

• Slope of t he te rrain

• Loca t ion of sp lice cases in t he section

• Pneumatic resistance of t he section.



3.03 If the lengt h of cable suspected of containi ng
water is such that the result ing distance

betwee n an air inlet and exit would be greater
th an 1000 feet, t he sectio n should be subdivided.

3.04 When the suspected wet cable sect ion is on
a downgrade, the dry air should be int roduced

at a point above the wet section . Th is takes
adva ntage of the effect of gra vity on th e bulk
water .

3.05 The length of a cable sectio n for restoration
should be chosen so the moist ai r will not

be forced through a splice. The distance betwee n
any two splices defines th e maximum length of a
section to be restored, provided t he length of t he
section does not exceed 1000 ft.

3.06 Sections of suspected wet cable having a
total pneumat ic resistance value lar ger tha n

0.4 should be subdivided . (Refer to Section
637-020-020.) The restoration process then should
be app lied to each subdiv ided section .

ISS 3, SECTION 644-200-030

4. RESTORATION EQUIPMENT AND ARRANGEMENTS

4.01 The FARM syste m for removal of wat er
from buried or underground pressuri zed cable

consists of the following two meth ods:

• Liquid nitrogen met hod (recommended)

• Compress or and air dryer meth od.

A. Liquid Nitrogen Method

4.02 Liquid nitrogen cylinders conta in approximately
18 ti mes as much nitr ogen as the conventional

224 cubic foot nitrogen ta nk and ar e intended for
use when lar ge amounts of nitroge n or dry air are
requi red. Refer to Sectio n 637-300-102 for th e
descr ipti on, preca utio ns, and use of liquid nit rogen
cylinders .

4.03 Arra ngement s must be made with th e supplier
of liquid nit rogen to deliver th e cylinders

to the exact placing location . This location must
have a firm and level surface and be si tuated
adjace nt to a supp ort for secur ing th e cylinder.
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SECTION 644-200-030

4.04 The recommended equipment and arrangement
of connecti ons for rest oration by vaporiza t ion

usi ng liqui d nit rogen cylinders is shown in Fig. 1.
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Fig . I -Equipment Arrangement for Water Removal From PIC Cable (Liq uid Nitrogen Method)
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4.05 Equipm ent required for this meth od of ca ble
restorat ion is listed in Table A. The listing

of specific equ ipment in Table A does not imply

ISS 3, SECTION 644·200·030

t ha t othe r equipme nt th a t meets th e generic
requireme nts is not equally suitable.

TABLE A

EQUIPMENT MAN UFACTURERS AN D SPECIFICA TIONS (NOTE ll -UQ UID NITRO GEN MET HOD

(NOTE 21 INOTE 31
CODE MODEL NO . DESCR IPTION SPECIFICA Tl ONS ADDRE SS

LN I ARGL-·\5 AIRCO Li4Uid Nit roge n 325 Sd h AIKCO
Cylinde r Sto rage Capacity 70 Diamond Road

;16 30 Dry (Cu /F l/ Sprin~ril· ld . :-\J
Full l'''I ' i~h t 52 -\ Ihs. lJ70~ 1

LN2 PGS -45 LINDE Liqu id 250 Sd h i.rx t»:
Liqu id Nitrogen Cy linde r St o rage Ca pac ity L tnon Carbuh - Corp .
Nitrogen - 36 ·10 Dry (Gu / Fl) Li nde Division
Cylin ders Full W"i.;ht 52 \ Ihs. 270 Par k " VI' .. :"Y . :"Y

IOOI?

LN3 VG L-160·L AI R PROIJl ' ( T S 325 Sdl1 ,\ lIt I'HOIlU '1'S
Liquid Nitr caen St orage Capacity 107 7th Str ev t . xw
Cy linde r 3630 Dry (Cu / F" Xt-w Prague .

-, Fu ll WI'i ~h' 524 111, _ ~lm nt·sot a . 56071

PRI 1l-00 2-067 No rgren General 1/2" 11: 1'1' I/O , C.A. :'\orgr('n Co .
Pu rpo se Ind ustrial 2-125 Ps; 5400 S. Delaware
Regulat or l.iuh-ton , Col <;0120

Pressure
Regulat ors PR2 2001-4G Wilkerw n Pressure 1/2 " :-;1'1' I/O , \,,'J1k t'rso n Co rp.

Regulator (with 3-125 Psi P. U. Box 123 7
h3 U l-:e En;.;h'wood , Col

HOI I II

PR3 8804 G R l' ;':o Airlim' 1/2 " :-;1" 1 1,0 . I\E ( ;O
Rcaulamr (with 120 1 r,". Pat terso n Ave.

-, ~au~l') Cbh-aao . III 6 06 ·\6

Pressure { DCI 23 02 · 1 Wrlker sou DIal Air 1/2" :\ 1''1'1,0 . Sanu- as 1'}t2
Co nt ro ller Pressu re Co ntrol ler :I-16 0 1'S1g

( with J.::au~t')

Notes:

1. The eq uip men t listed in this table is not to imply that other eq uipme nt that rncot th e n-q uin -mcnts an' no t l't,ually suitable .

2 . The codes listed in this co lumn are for refer ence unly and an' not assodatt'd with tht, mauufuc-rurors i. tenn rica uon.

3 ; When ord ering equipment , specify both th e mod el nu mb er and the corn plr-te des cnpu o n .
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SECTION 644-200-030

4.06 The setting of equipment components is
shown in Table B.

TABLE B

EQUIPMENT COMPONENT SETTINGS
(LI QUID NITROGEN METHOD)

LIQ UID DIAL AIR PRESSUR E
NITROGEN PRESSURE REGULATOR
CYL INDER CONTROLLER PR o

LN' DCI'

Refer to SPliCe} Adjust to main-
Section Case 37 Psi tain a minimum
637-300-102 Inlet . of 60 psi
for control
settings

Sheath}S2 P .
Inlet SI

* Refer to Table A

Page 6



4.07 A graph of approximate flow rat es for various
pneumatic resistance units of PIC cables is

shown in Fig. 2. When air flows a way from
the inlet in two directions, th e required

ISS 3, SECTION 644-200-030

ca pacity is the sum of the flow ra te s
ob taine d using the total pneumatic res is tance
in each di rect io n.
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Fig. 2-Airflow Rates as a Function of Pneumatic Resistance Units for Giwe n Inle t Pressures
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4 .08 By man ifolding (as shown in Fig. 3), a second
cylinder ca n be used to accel erate the

complet ion of a part icular restoration project. Even

when th e add it iona l capacity is not required, the
second cylinder is recommended to be on-line to
ensure cont inuous service.

PRESSURE
REGULATOR

\ PRESSURE
CONTROllER

TO
CABLE

Fig. 3-Manifolding Arrangement to Provide Increased Flow Capacity (l iq uid Nitrogen Method)

B. Compressor and Air Dryer Method

4.09 The recommended equipment and arrangement
of connect ions for restorat ion by vaporizatio n

using the compressor a nd ai r dryer meth od is
shown in Fig. 4.

Page 8

4 .10 Equipm ent required for this met hod of cab le
restorat ion is list ed in Table C. The listing

of equipment in this table does not imply
that other equipment that meets the
generic requirements is not equally suitable.
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SECTION 644·200-030

TA BLE C

EQUIPMENT MANUFACTURE RS AND SPECIFICATIONS (NOTE l) - COMPRESSOR
AND AIR DRYER METHOD

(N OTE 21 (NOTE 3)
COD E MOD EL NO . DESCRIPTION SPECI FICAT IONS ADDR ESS

1
C1 7HDD GAST Tankless Mo tor 9.1 Scfm Gast Manufacturing

Oil-less Comp ressor (with 1-1/2 HP, 115- Corporation
Compressor thermal protect ion , 230V , Single P.O. Box 97
(No te 4 ) chec k valve, and Phase, Single Benton Harbor ,Mich

safe ty valve) Sta ge-100 psi, 49022
651bs.

R1 25 Scfm Rego Refrige rati on 25 Scfm, 1/4 REGO
Air Dryer (with low HP,115V/60 4201 W. Pat terson
ambient co nt ro l) 85 lbs, 17 " X Ave.

17 " X 15 " Chicago , III 60646

R2 25 Scfm Kello gg-Am erican 25 Scfm, 1/4 Kellogg-American, Inc.
Compressed Air HP 115V/60 565 Cedar Way
Dryer with : Hz/I PH, 190 Oakmont , Pa 15139

) 1. Refrigerant Ana- lbs, 20 " X 21"
lyzer X 15"

2. Air Pressure
Gauge

I 3. Ambe r Running
i LightI

Refrigera tion 4. High Tem pera-
Air Drye rs ture warn ing

Light
5. Auto mat ic

Condensate Trap
6 . Inlet Temp era-

ture Gauge
7 . Low Ambient

Control
8. Dryer Stand

J
PR1 11-002-067 Norgr en General 1/2" NPT I/O , C.A. Nor gren Co .

Purpose Ind ustrial 2-125 Psi 5400 S. Delaware
Regulator Littleton, Col 80120

Pressure
Regulators PR2 200 1-4G Wilkerson Pressure 1/2 " NPT I/O , Wilkerson Corp.

Regulator (with 3-125 Psi P. O. Box 1237
gauge Englewood , Col

80110

PR3 8804G Rego Airline 1/2 " NPT I/O Same as R1
Regulator (with
gauge)

Page 10



ISS 3, SECTION 644-200-030

TABLE C (Contd)

EQUIPMENT MANUFACTURERS AND SPECIFI CATIONS (NOTE l )-COMPRESSOR
AND A IR DRYER MET HOD

(NOTE 21 (NOTE 31

~CODE MO D EL NO. DESCR IPT ION SPECI F ICATIONS A DDRESS

Adjustable { B1 16·001 ·0 34 Norgren Diaphragm 1/2 " NPT 110 , Same as PR 1
Bleed Gauge No . Typ e Spring Adju st- 2-125 Psi
Regulator 18·0 13·203 ab le Relief Valve

{ HI 1 5-931 5 Miniread er Kit 10% to 100% Hygrodyn am ics, Inc.
Humidity Relat ive Hum idity 949 Selim Rd .
Ind icator ±3% RH, 5" X 4- Silver Springs , Md.

5/8" X 2-7 /8" 20910

{
A suitable aftercooler can be co nst ruc ted
locally by forming several turns of 1/2·

After- inch id copper tubing into a hel ix
coo ler approxi mat ely 1 foot in diame te r. At

least six turns sho uld be used to pro vide
adequ ate cooling .

Pressure LDC1 2302 ·1 Wilke rso n Dial Air 1/2" NPT 110 , Same as PR2
Controller Pressure Contro ller 3-160 Psig

(with gauge)

Prefilter 1PI F02·400·A3 Norgren Indust rial 1 1/ 2" NPT 110 , Sam e as PR1
(Note 5) A3 T Airline Filter (with 12.215 Psi

Automatic Drain)

No tes:

1. Th e eq uipme nt listed in this table is not to imply th at other equipment th at meet the require ments
are not eq ually su itable.

2 . The codes' listed in this co lum n are fo r referen ce only and are not assoc iated with the manufacturer 's
identifica ti on .

3. When orde ring equipme nt, spe cify bo th the model number and th e complete descrip t ion .

4 . Adeq uate capacity for 500-foot ca ble len gth and o ne-directio n airflow .

5 . Do no t confuse this filt er with the automa tic conde nsate trap and drain used with dry er .
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4.11 Arrangements must be made to provide
power source at site. The equipm ent opera tes

from 120-volt, single-phase, 60-Hz power , with a
current capability of 50 amperes.

4.12 More detailed gener ic specificat ions for the
equipment required for this method of cable

rest oration are descr ibed in Part 9. Also outlined
in Part 9 are inst ruct ions and settings of equipment
components.

4.13 By manifo lding (as shown in Fig. 5), a second
compr essor can be used to accelerate the

complet ion of a particular restoration project. Even
when the addi tional capacity is not required, the
second compressor is recommended to be on-line
to ensure continuous ser vice in case one compressor
malfun ct ions.

Note: The air dryer must be capable of
this increase d capacity.

5. UMITATIONS

5.01 When outside ambient temperatures are
expected to drop below freezing (+3 2°F),

the air deliver y line between the air dry er or
cylinder and the cable should be wrapped with a
suitable insulating material to preclude the possibility
of the moistu re condensate freezi ng in the air line.
A variety of insulating tapes may be obtai ned locally
from refrigera t ion equipment dea lers for this
purpose.

5.02 The equipm ent shown in Fig. 3 and Fig. 5
should not be subjected to temp eratures

below 40°F or above nO °F.

5.03 The air drying method should not be used
when cable temperature, ie, the ground

temperature at cable depth, is lower than 35°F .

CHECK VALV E

REFR IGERA TION
AIR DRYER

PRESSURE _
REGUL ATOR

PREFIL TER

lC ~'-- 1.J:: :3S CO~ P~ ESS OR I

DIAPHRAGM TYPE
SPRING ADJUSTABLE
RELI EF VALVE

AFTERCOOLER
COIL..OIL-LESS COMPRESSOR II r--........;,.r---

CHECK VALV E

Fig . S-Manifold ing Arra ng ement to Provide Increased Flow Capacity (Com pressor and Air Dryer Method)

6. RESTORATION PROCEDURES (BURIED CABLE)

6.01 A recommended wate r remova l arrangement
for wet buried cable is illustrated in Fig. 6.
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Fig. 6 -Water Removal Arrangement for Wet Buried Cab le
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A. Preparation of Cable

6.02 Proper preparation of the cable is essential
for successful restoration. Before restoration

procedures are initiated, the following should be
considered :

• Any cable sheath damage that will affect
the abili ty of a cable section to hold pressure
must be repaired.

• Circ uit Testing: A sampl e of any bad
pairs that have water-related circuit problems
(low insulation resistance ) should be identified
and tested. These circuits should be tested
again as indicated in paragraph 6.10, and
periodically during the subsequent vaporization
tests .

• Resistan ce and capacita nce measur ement s
should be made on several good cable pairs
in the suspected cable section to determine
an approximat ion of the amount of water
in the cable. (Refer to Part 8 for details
of these measurements.) This is important
for planning considerations because cables
conta ining 'small quant it ies of water normally
can be restored in less time than cables
conta ining large quantiti es of water.

6 .03 Where possible, air should be injected at
the middle of th e cable section.

6.04 In instances where it is not feasible to select
existing access points, an F pressure flange

should be installed at the position of forced air
inlet. (Installation procedures for the F pressure
flange are outl ined in Section 637-235-201.) The
cable core should be exposed at the exit points
either by removing an existing splice case or opening
the sheat h. After purging, existing or new splice
cases should be closed and vented (for moist air
to exit ) before being left unattended.

with respect to the pressure source. The tank
should be positioned at a distance far enough from
the restoration vent to prevent excessive use of
nit rogen.

B. Initial Bulk Water Purge

6.06 To remove the bulk of water from the cable,
the setup shown in Fig. 1 and 3 or 4 and

5 may be used.

Warning: Do not e x ceed pressure
limits establish ed for splice cases (see
Precautions, paragraph 2.03 ),

6.07 Connections from the liquid nitrogen cylinder
or compressor and air dryer to the inlet

point on the cable are made using the pipe and
fittings shown in Fig. 1 and 4, respectively.

6.08 When the compressor and air dryer method
is used, apply power to the restora tion

equipment and refer to paragraph 9.04 for details
on the proper settings for the pressure regulator
relief valves. When the liquid nitrogen method is
used, refer to Section 637-300-102 for cylinder
control settings and to paragraph 9.04 for pressure
regulator and pressure controller settings.

6.09 The initi al bulk water purge should be
continued until the flow exiting from the

cable is in the form of a light mist. At this point,
approximately 85 percent of the air core space
should be free of water.

6.10 Pairs that were known to have low insulation
resistance should be checked from the cent ral

office after the first phase of restoration (initial
purge). If their electrical integrity has been restored
at this point, service also can be restored.

C. Vaporization of Residual Water

6.11 Dry air absorbs most of the remai ning water
in the cable by vaporization. The moist air

transports the water out of the cable, where it
exits at t he vent points .

Note: On cable having PAP or similar sheath,
the pressur e flange should be placed over
the inner polyethylene jacket. No attempt
should be made to remove the water trapped
between the inner and outer jac kets.

6.05 If the wet cable section is press urized from
a single source, a buffer must be incorporated.

The buffer is formed by placing a tank of dry
nitrogen on the field side of the wet cable section
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6.12 Dry air is forced into the cable until the
moisture level of the air exiting from the

cable is reduced below a lpecified acceptable value.

6.13 If low insulation tested pair s do not test
clear after the bulk purge, periodically test

for change in insulation resistance.

D. Cable Moisture Level Check

6.14 The moisture level of the air exit ing from
the cable should be checked periodically to

determine if an acceptable moisture level has been
reach ed. The humidity indicator specified in Table C
or its equivalen t may be used for thi s check.

DANGER: When the liquid nitrogen
method is used, refer to Section
620-140-501 for manhole venting
procedures. Nitrogen escaping from
the exit opening will displace normal
air without warning and can cause
asphyxiation in a confined area without
adequate ventilation.

6.15 Air exit ing from the cable should be directed
into a container that houses the humid ity

sensor . (This is done to prevent moisture from
diffusing into or being absorbed from surrounding
air.) This container may be a clean l -gallon can
with small air-outlet holes punched in the bottom
or lower portion of the sides. The sensor should
be positioned near the bottom of the container
and several minutes of purge time allowed before
readings are made.
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Note: Humidity moniLorinll should not be
init iated as long as the moisten ed air exits
from the cable in the form of a mist.

6.16 When t he humidity monitor indicates the
outcoming air has a moisture level of less

than 40 percent relati ve humidity (rh), a more
accurate check is necessary, The inlet pressure
must be reduced to 10 psi and, after 15 minutes,
anot her reading tak en. When the relative
humidity of the outlet air at this lower
flow rate (10 psi) drops to less than
35 percent rh, the cable is considered
dry.

E. Electrical Testing to Confirm Restoration

6.17 When acceptabl e moisture levels have been
reached (paragraph 6.16), all the known

problem pairs are to be rechecked. If no pairs are
found to have less than 10 megohms insula tion
resistance (conductor to ground), the restorat ion is
completed . If suspected wat er-related problems
still exist in the cable sect ion being restored, forced
air dryin g should be cont inued unti l the testing
indicat es that th e pair s have clear ed.

F. Closing Sheath Openings

6.18 Afte r acceptable moistu re levels have been
reached and electr ical tests have been made

to confir m restoration, the sheath openings should
be closed and flash test ed.
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7. RESTORATION PROCEDURES (UNDERGROUND
CABLE)

7.01 A recommended water removal arrangement
for wet underg round cable is illustrated in

Fig. 7.

7.02 The restoral procedures for a wet section
of underground PIC cable ar e different from

buried PIC in tha t the section lengt h for restoration
is fixed by the manho le-to-man hole spacing. The
maximum allowable inject ion pressure is restricted
to 35 psi for cast iron splice cases (paragraph 2.02)
and consequently results in a proportionat ely longer
drying time.

7.03 Consider slope of terrain when select ing the
air inlet and exit of a section so that the

water is forced toward the lower elevations. The
dry air should be introduced directly into the splice
case on the higher elevation side of the water
sections.

A. Preparatio n of Cable

7.04 Before restoration procedures are initiated,
any sheath opening that will affect the abi lity

of a cable section to hold pressure must be repa ired ,
and the considerations outlined in paragraph 6.02
for wet buried cable should be observed.

7.05 In preparation for the init ial wate r purge,
the splice cases of the affected cable shea th

should be removed in the nearest manhole on each
side of the inlet man hole. After purging, t hese
splice cases should be replaced and vented (for
the moist air to exit) before being left unattended.
This results in a two-direct ion flow of dry forced
air, as achieved in the recommended burie d cable
ar rangement .

DAN GER: Wh en the liquid nitrogen
m ethod is used, refer to Section
620-140-501 for manhole venting
procedures. Nitrogen escaping from
th e exit opening will displace normal
air without warning and can cause
asphy xiation in a confined ar ea without
adequate ven tila tion.

7.06 Plastic splice cases should be replaced with
cast iron cases, since th e former can only

be subjected to pressures up to 25 psi. This
replacement also should be made for large lead
sleeves when used in lieu of cast iron splice cases.
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7.07 If the wet cable section is pressurized by
only a single source, a buffer must be

incorporated (paragraph 6.05, buried cable preparation ).

B. Procedures

7.08 The following procedures are the same for
underground cable restoration as are outli ned

in Par t 6 for bur ied cable res toration:

(1) Init ial bulk wate r purge .(paragraphs 6.06
through 6.10)

Warning: Do not exceed pressure
limits e stablished for splice c a s e s
(Pr eca utions, paragraph 2.02).

(2) Vaporization of res idual water (paragraphs
6.11 through 6.13)

(3) Cable moistu re level check (paragraphs 6.14
through 6.16)

(4) Electr ical testing to confi rm restoration
(paragraph 6.17).

8. ELECTRICAL TEST TO DETERMINE MOISTURE
CONTENT

8.01 The qua ntity of moisture contained in a wet
cable, as a percentage of the air volume,

can be determined by comparing the appa rent
capacitive length of pairs in the cable section to
the resistive length of these pairs .

8.02 A PIC cable full of water will experience a
mutual capacitance increase on the pairs of

approximately 120 to 140 percent. A pair in a
comple te ly wet cable thu s will appear to be
approximat ely 2.3 times its normal length when
measured with a capacitive length mete r such as
the Deleon 4910F or equivalent open faul t locator .
The resisti ve length of the pair s can be determ ined
by measurement with a Wheatston e bridge or an
automat ic bridge test set such as the Dynatel
7l0A, Deleon 4912, or equivalent .

8.03 The problem in this test comes when trying
to determine the presence of small percentages

of wate r. Manufacturer variations and measuremen t
error tend to require a ±15 percent 'tolerance on
mutual pair capacitance of individual cables.
Therefore, cable moisture content below approximately
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12 percent may not be readily detectable. However,
if the cable contains another section from the sa me
production run as the wet section, it is possible to
nearly eliminate the capacitance variation effect
from the measurement. This can be achieved by
measuring the resisti ve length of the known dry
section and then adju sting the " 0 FACTOR" control
so the 4910F reads exactly the same as the resistive
length when connected to the same dry section.
When th is is done, the 4910F probably can detect
moisture content as low as 5 percent (on this cable
for which it is calibrated) so long as the "0
FACTOR" control is not moved.

8.04 For the purpose of determining the effort
required to remove the water from a wet

section, the graph .shown in Fig. 8 can be used to
esti mate the percentage water fill. The technique
is as follows:

(1) Measure th e resistive length of a pair or
pairs with an accurate bridge instrument.

(Oynatel 710A.or equivalent).

(2) Measure the capacitive length of the pair
or pairs with a Deleon 4910F open fault

locator.

(3) Compare the capacitive length to the resistive
length and refer to Fig. 8 to estimate the

amount of water in the section.
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Fig_ 8-Graph for Determination of Water Content in Wet PIC Cable
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9. DETAILED EQUIPMENT SPECIFICATIONS AND
INSTRUCTIONS (COMPRESSOR AND AIR DRYER
METHOD)

9.01 The detailed equipment specification s and
instructions for equipment settings are covered

in this part to aid in selecting components othe r
than those listed in Table A without compromi sing
the functional requirements of the restoration
arrangement.

9.02 Equipment mounting is left to the discretion
of the operating company. However , if the

equipmen t is placed inside a van dur ing restora tion
(compressor and air dr yer meth od), adequa te
vent ilation must be ensured to prevent the heat
dissipated by the equipment from causing excessive
ambient temperatures (eg, leave windows and doors
open). When the equipment is used on warm ,
sunny days, it should be shaded from direct sunlig ht.

9.03 Positions for quick-disconnects are indicated
to simplify on-site assembly if this approach

is chosen over permanent mounting to a baseplat e,
trailer, or van.

A. Dual-Compr essor System

9.04 The dua l-compressor resto ration system is
'shown in Fig. 9, with recommended component

numbers that refer to Table C. The rela tive dr yness
of the air delivered by the syst em depends primarily
on the back pressure maintained in the dryer and
the pressure at which air is delivered to the cable.
Instructions and settings of equipment components
are shown in Table D and expla ined as follows:

(a) High Pneumatic R esistance S ection:
The functiona l requirem ents imposed upon

th e regulators and relief valves are different,
depending on wheth er the wet section has a high
or low tota l pneumatic resistance. A high

155 3, SECTION 644·200·030

pneumati c resistance sect ion is defined as a
section in which the compressor capacity is
sufficient to crea te an inlet pressure great er
than the allowable inlet pressure for restoration
(eg, greater tha n 35 psi for splice case ent ry).
For th is case the dia l air pressure cont roller
should be set to provide the allowable pressure
at the inlet to the cable air core. The bleed
relief valve should be set at a 75 psi pressure
or higher if continuous compressor operat ion
can be maintained (ie, slightl y below the upper
pressure cutoff). This setup mainta ins higher
pressur e at the inlet of the air dryer (higher
inlet pressure results in more efficient dryer
opera tion). In a high pneumatic resistance
section, the int er mediate regulator does not come
into play and should be set wide open. This
setup should always be used durin g the bulk
purge.

(b] L o w Pneumatic Resistance S ect ion:
A low pneumatic resistance sect ion is defined

as a section having such a low pneumatic resistance
that the available compressor capacity is not
capa ble of creati ng the objective pressu re at
the air core inlet. For th is case, the pressure
controller is set to the inlet pressur e merely to
prevent unsafe pressures if the flow is obstructed.
The intermediate pressur e regulator is closed
until at leas t a 60 psi pressure is created
at th e inle t to th e air dry er. The flow
will be restricted somewhat under these conditions,
but the higher pressur e results in more efficient
drying. This is par t icular ly important under
cold environmental condit ions because the dew
point temperature is lowered following expansion
through the regulato r. The bleed relief valve
does not come into play with a low pneumatic
resistance section because the compressors are
not capable of flow rates necessary to cause
pressure relief condit ions.
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TABLE D

EQUIPMENT COMPONENT SETTINGS
(COMPRESSOR AND AIR DRY ER METHODI

BLEED OIALAIR PRESSURE
VALVE PRESSURE REGULATOR

Bl"
CONTROLLER PRo

DCl"

75 Psi Splice J Adjust to main-
Case 37 Psi tain a minimu m
Inlet of 60 psi at

air dryer gauge

Sheath ] 52 Psi
Inlet

* Refer to Fig. 8

9.05 Manifolding of two compressor s has the
following two advan tages:

(1) The flow capacity is increased above 15
scfrn, which will provide optimum dry ing

condit ions for essentially all cases.

(2) Drying will continu e if one compressor
malfunc t ions.

9.06 For cases where one compressor will provide
the maximum flow rate needed (eg, flow

rate less than 8.2 scfm), th e other unit may be
unplugged when the equipment is attended.

9.07 Additional flexibility is ga ined by using
self-closing quick disconnects at the compressor

outlet. This allows two units to be included only
when conditions require the added capacity .

9.08 The aftercooler is necessar y to dissipate
thermal energy generated during compressio n

so that the temperature of the air ente ring the
dryer does not exceed the specified level.
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B. Ge neric Specifications

9.09 Compressor: The oil-less compresso rs
should be capahle of delivering at least 7.5

scfm at 75 psi, with an output temperature less
than 200°F. Compressors should have aut omati c
check valves to prevent reverse ai rflow.

9.10 Air Dryer: The refrigerati on air dr yer
should be capa ble of 15 scfrn, 75 psi ai r at

a dew point not greater tha n OaF at 14.7 psi when
the inlet te mperature is 150°F. The air dr yer also
should have an au tomatic temperature bypass so
the cooling cha mber will not freeze at very low
flow rates.

9.11 Aftercooler: The aftercooler must be
capable of dissipating enough energy to

reduce the out let temperature of t he ai r from the
compresso r to the specified inlet temperature of
the air dryer (preferably less than 130°F ).

9.12 Adjustable Relief Valve: The adjustable
relief valve should be capable of bleed flows

up to 15 scfm at 5 to 125 psi. A pressure gauge
having the same ra nge also is required (I /2 -inch
NPT Inlet and Outlet).

9.13 Pressure Controller: Th e pressure
contro ller should have an associated gauge

and be capabl e of operati ng at 150 psi (up to 200°F )
and 15 scfm (I /2 -inch NPT Inlet and Out let ).

9.14 Pressure Regula tor: Th e pres sure
regu lator should be indust rial quality, having

a compat ible pressure gauge. The oper atin g ra nge
should be 5 to 125 psi at a flow rate of 15 scfm
(I /2 -inch NPT Inlet and Outlet ).

9.15 Prefilter: The prefilter should be indust ria l
quality, have an automat ic dra in, and be

capable of operating at 150 psi at 200°F and 15
scfm airfl ow (I/2-inch NPT Inlet and Out let ).
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