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1 . PURPOSE. "Tils a d v i s o r y c i r c u l a r ( A C ) p r o v i d e s g u i d a n c e on e l e c t r o n i c systems 
which monitor runway s u r f a c e c o n d i t i o n s . The g u i d a n c e i s i n t e n d e d f o r use by a i r 
p o r t o p e r a t o r s , e n g i n e e r s and p l a n n e r s . 

2 . SAFETY INFORMATION DISSEMINATION. Runway s u r f a c e c o n d i t i o n m o n i t o r i n g d e v i c e s 
have the c a p a b i l i t y o f a u t o m a t i c a l l y p r o v i d i n g on remote moni tors c u r r e n t i n f o r 
mation on the c o n d i t i o n o f the runway s u r f a c e a t m u l t i p l e l o c a t i o n s . T h i s c a p a b i 
l i t y may be used to improve the a i r p o r t o p e r a t o r ' s d i s s e m i n a t i o n of i n f o r m a t i o n 
a b o u t a i r p o r t c o n d i t i o n s , but the a i r p o r t o p e r a t o r i s s t i l l r e s p o n s i b l e f o r 
a c c e s s i n g and r e p o r t i n g c o n d i t i o n s on the runway o r i t s v i c i n i t y which may a f f e c t 
a i r c r a f t s a f e t y . 

3 . CANCELLATION. AC 150/5220-13 , Runway S u r f a c e C o n d i t i o n Sensor I n t e r i m 
S p e c i f i c a t i o n G u i d e , d a t e d 1 1 / 6 / 7 8 , I s c a n c e l l e d . 

LEONARD E. MUDD 
Director , Off ice of A i r p o r t Standards 
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CHAPTER 1. INTRODUCTION 

1. OVERVIEW. Ice begins to form on pavements when the pavement surface i s at the 
freez ing temperature of the water solut ion on i t . Remote runway surface condition 
sensors which w i l l predict and detect the formation of ice on a i rpor t pavements w i l l 
enhance runway safety while reducing a i rpor t equipment, manpower, and chemical 
costs . 

The use of a i r temperatures exc lus ive ly to predict the occurrence of ice on a pave
ment is not r e l i a b l e enough, pr imari ly because the temperature differences between 
pavement surface and ambient a i r vary so grea t ly . Factors such as runway surface 
color and composition, wind patterns, surface water quantity, i ce-control chemical 
res idue , atmospheric moisture content, t r a f f i c , amount of sunlight as well as a i r 
temperature a l l influence ice formation. 

Since ice prevention is more des i rab le in terms of safety , time savings and cost 
than ice removal, primary emphasis should be placed on predict ing ice before i t 
ac tua l ly occurs. Runway sensors thus are a primary tool in developing an e f fec t ive 
ice prevention program. 

2. ICE-CONTROL TECHNIQUES. Airport maintenance personnel apply ice-control chemi
cals in these modes: 

a. A n t i - i c i n g . Chemicals are applied pr ior to the formation of i c e . Since no 
chemical is required to melt through ice and d isso lve the bond between the ice and 
the pavement, much less chemicals are required . Ice prevention i s the most e f f e c 
t ive method of a i r p o r t ice control . 

( 1 ) Safety. Application of chemicals p r i o r to ice formation prevents ice 
from reducing surface f r i c t i o n below that of a wet runway. 

( 2 ) Cost. Ice prevention requires between 30 to ?5 percent less chemicals 
than de- ic ing operat ions . 

(3) Operational Downtime. Ice prevention requires less a i rport operational 
area downtime because the chemicals are e f f ec t ive from the moment of appl icat ion and 
no waiting period i s required while the ice melts. 

b * De- ic ing. Chemicals are appl ied a f t er the formation of i c e . Usually l arge 
amounts of chemicals are needed to lower the water's freez ing point and to dissolve 
the bond between ice and pavement. When l i q u i d chemicals are used, the l i q u i d can 
f l o a t on top of the i c e , creat ing a more s l ippery surface than pr ior to chemical 
appl icat ion . 

c. Spot Appl icat ion . Chemicals are appl ied only where ice i s observed or a n t i 
c ipated. Patchy ice formation i s often caused by the varying temperatures and sur
face states that ex is t on l arger a i r p o r t s . In genera l , the d i f f i c u l t y in detecting 
these patchy areas causes portions of the spots to be missed al together or excessive 
amounts of material applied beyond the lee a r e a . 

Chap 1 
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CHAPTER 2. EQUIPMENT SPECIFICATION REQUIREMENTS 

3. GENERAL REQUIREMENTS. Measurable changes on a pavement 3 u r f a o e occur 
sequent ia l ly , with each event (such as the formation of i c e ) having a def in i te 
beginning or end. A system meeting the requirements of this seotion s h a l l be able 
to detect the beginning and end o f a given surface event . 

4. COMPONENTS. The pavement condition detection system contains four basic func
t i o n a l elements! remote, flush-mounted, in-pavement sensors; power supply / s igna l 
processor f i e l d uni t s ; terminal data processing un i t s ; data d isplay un i t s /pr in ters 
( see f igure 2 - 1 ) . 

5. MATERIALS. Materials s h a l l conform to the spec i f i ca t ions described here in . 
When not s p e c i f i c a l l y l i s t e d , materials s h a l l be o f the best qual i ty used for the 
purpose in commercial p r a c t i c e . Materials and components s h a l l be free from a l l 
defects and imperfections that might a f f e c t the system's funct ion. 

6. DESIGN AND CONSTRUCTION. The design o f the equipment s h a l l be in accordance 
with the most current engineering p r a c t i c e s . The ent ire system s h a l l be designed 
to minimize complexity. The equipment design and Ins ta l l a t i on s h a l l permit 
a c c e s s i b i l i t y for use , maintenance, and s e r v i c i n g . A l l components and assemblies 
s h a l l be free of protrus ions , sharp edges, cracks , and the potent ia l for e l e c t r i c a l 
shock or other hazards which might cause injury to personnel or equipment. Maximum 
use sha l l be made of s o l i d - s t a t e e lectronic devices and standard commercially 
a v a i l a b l e equipment such as d isplay modules. The system s h a l l be constructed so 
that no in terna l part w i l l be exposed during normal opera t ions . System com
ponents s h a l l be b u i l t to withstand the c l imatic conditions a t a i r p o r t s : r a i n , 
snow, f r o s t , i c e , s l e e t , temperature v a r i a t i o n s , h a i l , l i gh tn ing , sand, dus t , and 
high winds . They a l so must be b u i l t to withstand the s t r a i n s , j a r s and v ibrat ions 
o f a i r c r a f t landings , tax i ing and t a k e o f f s . 

7. PERFORMANCE SPECIFICATIONS. 

a . The system s h a l l continuously sample, in r e a l t ime, runway surface con
d i t i o n s . In a d d i t i o n , i t must be nondestructive to pavement, nondegrading to the 
environment, and nonhazardous to personnnel. When a c t i v a t e d , the system s h a l l con
tinuously transmit d a t a , with a time lag no greater than 3 minutes, to a remote 
d isplay console u n i t . Transmitted data s h a l l be displayed in a c l e a r , concise and 
e a s i l y understandable, d i g i t a l format. The system s h a l l measure and display I n f o r 
mation about the fol lowing conditions on the runway surface: 

( 1 ) Runway surface temperature, i . e . , ac tua l temperature o f pavement at 
sampling^site in degrees C° ( C e l s i u s ) or F° (Fahrenheit) to accuracies o f ^ 1/2 
degree F^. 

( 2 ) Dry pavement—no percept ib le moisture; 

( 3 ) Wet pavement—visible moisture on surface ; 

(*() Pre - i ce conditions—advance a l e r t o f inc ipient i ce formation, i . e . , 
pre- ice condition is indicated by the in-pavement sensor head just p r i o r to actual 
formation on pavement, thereby providing advance warning time dependent on 
air/pavement temperature drop r a t e ; 

Chap 2 
Par 3 3 
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Figure 2-1. System Component Design 
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( 5 ) Actual I c e — v i s i b l e or otherwise detectable ice on pavement; and 

( 6 ) Ambient a i r temperature at ground leve l in the v i c in i ty of the runway. 

b . The in-pavement sensor head sha l l be capable o f transmitting the above data , 
in a stable mode, to the d isplay unit by buried cable or a radio transmission l ink . 
Equipment sha l l operate using conventional power sources a v a i l a b l e on the a i rpor t 
and sha l l be protected against l i ghtn ing . The system s h a l l function as described 
above without constant servic ing or adjustment. 

8. PRIMARY SYSTEM COMPONENTS. This section describes requirements for each element 
of the system. 

a . Pavement Condition Input Device. The most c r i t i c a l element of the system, 
due to the d i f f i c u l t y of servic ing or replacing i t , is the in-pavement sensor, i . e . , 
pavement condition input device . This component is designed to be ins ta l l ed 
d i r e c t l y in the pavement, f lush and in the plane of the pavement sur face . The sen
sor head senses and e l e c t r o n i c a l l y transmits primary surface information to the rest 
o f the system for further process ing . The sensor head s h a l l conform to the 
fol lowing design c r i t e r i a : 

( 1 ) In terna l components sha l l be of a s o l i d - s t a t e e lectronic design without 
r e l a y s , tubes , or other electro-mechanical dev ices . The head s h a l l be factory 
adjusted and require no further adjustment in the f i e l d . 

( 2 ) A l l e lec tronic components s h a l l be permanently potted and sealed 
against shock, moisture, and v i b r a t i o n . The cable shal l be permanently molded and 
sealed to the head in a leakproof des ign . An add i t iona l waterproof s e a l may be 
I n s t a l l e d on the cable/head Interface to ensure against moisture wlcklng. 

( 3 ) The head shal l be a thermally neutral dev ice , fabr ica ted o f a non-
corros ive mater ia l , with a thermal conductivity c lose ly approximating a i r p o r t pave
ment mater ia l . I t s h a l l be color matched on a s i t e spec i f i c basis to each pavement 
surface to simulate ac tua l pavement heat emission and absorption o f so lar r a d i a t i o n . 

( 4 ) Head surface texture s h a l l be s imi lar to that of the pavement surface 
to approximate the water flow and pooling charac ter i s t i c s which w i l l occur on the 
surrounding pavement. 

( 5 ) Head design and configuration s h a l l require a pavement i n s t a l l a t i o n 
procedure of no greater complexity than for a standard in-pavement l ight ing f i x t u r e , 
i . e . , a s ingle core and cable-way saw cut for each sensor head. 

( 6 ) The power/data transmission cable shal l be of su f f i c i ent length and 
capacity to extend to a s i g n a l processing s i te a minimum of 2000 feet (608 m) from 
the head. 

( 7 ) The head shal l have su f f i c i en t d u r a b i l i t y to function over a range of 
surface or a i r temperatures from +175° F (+80°c) to -20°F ( - 2 9 ° c ) . 

Chap 2 
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b . Power Supply/Signal Processor Uni t s . 

( 1 ) Remote Fie ld Uni t . This component provides power to the in-pavement 
sensor head, processes raw surface condition input data , and transmits the processed 
data to the terminal data processing u n i t . The remote f i e l d unit sha l l be designed 
to be mounted aboveground on f r a n g i b l e coupl ings . The height of the enclosure and 
the distance from the runway or taxiway w i l l be governed by factors such as oppor
tunit ies to co- locate the equipment with or on ex i s t ing a i r p o r t navigation f a c i l i 
t i e s . The u n i t ' s waterproof enclosure s h a l l be a standard National E l e c t r i c a l 
Manufacturer's Association (NEMA) type U or equivalent . The recommended data 
transmission method to the terminal unit is by radio telemetry using standard 
Federal Communication Commission (FCC) approved transmitters operating in the f r e 
quency range of 170-176 MHZ. An a l ternate transmission method may be by use of 
multi-conductor buried cab le s . 

System sens i t i v i ty and alignment or adjustment s h a l l be contro l led from this unit 
and s h a l l require no spec ia l serv ice equipment or t o o l s . A l l components requ ir ing 
change or adjustment s h a l l be located to minimize serv ic ing d i f f i c u l t y , with a l l 
c i r c u i t boards/cards designed for p lug- in i n s t a l l a t i o n , removal and s e r v i c e . The 
enclosure s h a l l be designed so that necessary service can be accomplished with mini
mum exposure to the c r i t i c a l elements of the system. The unit sha l l be capable of 
supplying power to , and processing data output from, a minimum of four in-pavement 
sensor heads. 

( 2 ) Terminal Data Processing Uni t . This unit rece ives primary data from 
a l l remote f i e l d units in the system, stores and proceses a l l input information, and 
transmits this processed data to d i sp lay and pr inter u n i t s . This unit s h a l l have 
the a b i l i t y to process data from up to 120 in-pavement sensor heads. This unit 
s h a l l be of s o l i d - s t a t e e lec tronic construction and have appropriate micro-processor 
design for the system requirements. The system s h a l l be designed for operation in a 
sheltered environment and s h a l l provide s tab le operation at temperatures from 30°F 
(0°C) to 120°F ( 5 0 ° C ) . The unit s h a l l have provis ion for addi t iona l p lug- in devices 
to expand memory and output c a p a b i l i t i e s . The terminal processing unit s h a l l con
nect with the res t of the f i e l d system by radio l i n k , phone l i n e s , or automatic 
telephone d i a l i n g . 

c. Data Display Uni t . This unit receives both r e a l time input information from 
the terminal data processor as we l l as addi t ional data manually Inserted by keyboard 
or automatically transmitted to the d i sp lay unit by other means. The unit sha l l 
d i sp lay data by cathode ray tube (CRT) and/or a hard copy p r i n t e r . The Information 
displayed sha l l include a l l the data set forth in paragraph 7 as we l l as other data 
dictated by operat ional needs at the a i r p o r t . The information format s h a l l be 
f l e x i b l e enough to s a t i s f y the data d i sp lay needs of the a i r p o r t in a c l e a r , e a s i l y 
understood format. The d i sp lay unit s h a l l be a conventional o f f - t h e - s h e l f design 
requir ing no spec ia l hardware to operate or i n s t a l l . The d i sp lay unit e lectronics 
sha l l be primari ly s o l i d - s t a t e . Software/hardware packages which can improve the 
bas ic c a p a b i l i t i e s of the standard system a r e : 

( 1 ) Graphics. Graphs of trends showing the h i s tory and probable event 
sequence. 

( 2 ) Information High l igh t . Information of a c r i t i c a l nature enhanced by a 
color contrast on the d i s p l a y . 

6 
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( 3 ) Addit ional Information. Addit ional aeronautical operation information 
displayed separate from 3ensor data using a display format t a i l o r e d to the 
operator's needs. 

( 4 ) Addit ional Monitor Uni t s . These sha l l d i sp lay information at any 
remote s i t e needing the pavement surface information by connecting addit ional 
display monitors to the master data d isplay uni t . These addit ional monitor units 
sha l l have manual entry keyboards when needed to supplement automatic weather data 
entry. 

(5 ) Acoustical Alarm. An audible a l e r t that can be tr iggered by a par
t i c u l a r condition such as the incipient formation of i ce . 

( 6 ) Remote S i g n a l l i n g . The a b i l i t y to page or telephone operations 
personnel. 

(7 ) Chemical Detection. The a b i l i t y to detect chemicals on the runway sur
face and to approximate the percentage of chemicals in runway surface water. 

( 8 ) Atmospheric Condition Detection. The a b i l i t y to gather and sort 
atmospheric measurements of wind d irec t ion , wind speed, dew point , and r e l a t i v e 
humidity. 

The system shal l be designed to permit incorporation of these addit ional c a p a b i l i 
t ies either during i n i t i a l i n s t a l l a t i o n or at a l a t e r date. 

9. REQUIRED PROTECTION AND SYSTEM STANDARDIZATION. 

a . Circu i t Protection Devices. The system sha l l be grounded, and l ightning and 
power-surge protected, using standard protection devices . 

b . Power Supply System. The system sha l l use standard r e l a y s , c i r c u i t devices, 
and other components of power suppl ies . 

10. ANCILLARY EQUIPMENT. Depending on the system se lected, equipment necessary for 
the operation of the system may include an FCC approved, s ingle-frequency radio 
telemetry system conforming to FCC frequency l imits for nonaeronautical use on 
a i r p o r t s . (See paragraph 8 b ( l ) for frequency g u i d e l i n e s . ) 

11. ELECTRICAL POWER REQUIREMENTS. The equipment should be designed to minimize 
power requirements and should have the fo l lowing maximum power requirement or 
ranges: 

a . Sensor head—.5 wat ts . 

b . Power supply (when transmitter equipped)—up to POO watts , _+ 50 watts . 

c. Output monitor—700 watts , +̂  100 watts . 

d. Voltage requirements for complete system sha l l be standard 110-130 VAC at 
50/60 HZ or 220-260 VAC at 50/60 HZ. 

Chap 2 
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1 2 . MANUFACTURER CERTIFICATION. The manufacturer s h a l l submit with h i s /her b i d , in 
w r i t i n g , the re su l t s o f tests or i n s t a l l a t i o n s es tabl i sh ing compliance with the 
appl icable spec i f i ca t ions . In a d d i t i o n , the manufacturer s h a l l supply a writ ten 
warranty which guarantees that the manufacturer w i l l correc t by repa ir or r e p l a c e 
ment any defect in des ign , m a t e r i a l , or workmanship which occurs during normal use 
in the f i r s t year of operation a f t e r i n s t a l l a t i o n , provided the i n s t a l l a t i o n was in 
accordance with Federal Aviation Administration (FAA) and manufacturers' s p e c i f i c a 
t i o n s . The manufacturer s h a l l a l s o agree to maintain a t e s t ing /eva luat ion /qua l i ty 
control program for a l l the system components. Par t i cu lar emphasis s h a l l be placed 
on qual i ty contro l and c l imat i c / re l i a b i l i t y testing of the in-pavement sensor head. 

8 
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CHAPTER 3. NUMBER AND LOCATION OF SENSORS 

13. LOCATION OF SENSORS. The typ ica l a i r c r a f t landing trans i t ion path from f l i g h t 
to t a x i needs to be monitored at severa l l oca t ions . The primary sensor head loca
t ions a r e : 

a . Touchdown Zone. Sensors monitor conditions a f fec t ing a i r c r a f t braking and 
i n i t i a l d i r e c t i o n a l contro l and s t a b i l i t y . 

b . Middle Runway. Sensors monitor conditions a f fec t ing the region of maximum 
a i r c r a f t braking e f f o r t and the c a p a b i l i t y to turn onto taxiways . 

c . Runway End or Turnoff . Sensors monitor conditions a f fec t ing low speed 
a i r c r a f t braking and c a p a b i l i t y to make low speed t u r n s . 

d . Taxiways and Aprons. Sensors monitor conditions a f fec t ing low speed manu-
vering and parking . 

14. NUMBER OF SENSORS. There s h a l l be a minimum o f three sensor heads per runway. 
Local condit ions , however, may require add i t i ona l s ensors . (See f igure 3-1 . ) 
Typical fac tors which may require add i t i ona l sensors for the runway, associated 
taxiways, and ramp areas a r e : 

a . Color and Crown. Differences in pavement color a f f e c t the emission and 
absorption rates of heat and s u n l i g h t , and thus the melting rate o f ice and snow. 
Therefore , when a l l other oonditions are equal , l i g h t pavements (concrete) w i l l 
genera l ly freeze before darker pavements ( a s p h a l t ) and hence are prime candidates 
for a d d i t i o n a l sensors . Areas of reduced pavement crown can resu l t in slow water 
runoff , increasing the p o s s i b i l i t y of water ponding and ice formation. These s i t e s 
are a l so prime candidates for add i t iona l sensors . 

b . Temperature Differences on Pavement. Some pavement areas have colder s u r 
face temperatures than the surrounding pavements and thus form ice e a r l i e r or more 
p e r s i s t e n t l y . The temperature var ia t ions depend on factors such as di f ferences in 
subgrade, exposed runways/taxiways, br idge decking, wind d i r e c t i o n , ground water 
t a b l e , c u l v e r t s , and other phenomena. Areas subject to colder temperatures are good 
candidates for add i t iona l s ensors . 

15. SENSOR PLACEMENT AS FUNCTION OF COMPLEX AIRPORT CONFIGURATION. As an a i r p o r t ' s 
operat ional pavement area increases , not only does the physical d i f f i c u l t y of moni
toring surface conditions by manual inspection increase , but the number of sensor 
head locations must be Increased to maintain coverage. While there is no formula 
for the exact number o f sensors r e q u i r e d , as a general ru l e the number of sensors 
w i l l range from a minimum of 3 for a 3,000 foot (900 m) runway with no unusual l o c a l 
condi t ions , to 12 or more sensor heads for a 10,000 foot (3000 m) runway with d i f 
f i c u l t l oca l condi t ions . Local operator experience with ice and snow control w i l l 
provide valuable insight into the required number and location o f sensors . 

16. GEOGRAPHIC LOCATION. Ice formation is much more common than snow in geographic 
zones o f normally temperate winter weatherj thus , the need for a i r p o r t ice preven
t i o n , with the aid o f pavement condition detection systems, i 3 greater in such zones 
than for snow removal c a p a b i l i t i e s . 

Chap 3 
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CHAPTER 4. INSTALLATION CRITERIA 

17. GENERAL. The procedure for i n s t a l l i n g the in-pavement sensor head is the same 
for a l l pavement types . (See f igure 4 -1 . ) Specif ic de ta i l s can be found In the 
manufacturers' i n s t a l l a t i o n s p e c i f i c a t i o n s . 

18. PAVEMENT DRILLING AND SAWING. Holes are d r i l l e d in the pavement to 
accommodate the sensor head. Kerfs for the cables are sawed in the pave
ment running from the d r i l l hole to the pavement edge. The s ides and bottom of the 
d r i l l hole and cable k e r f are then cleaned (sandblast ing may be necessary) and 
flushed with a high veloci ty a i r j e t or wiped dry to ensure a good bond with the 
seal ing agent . 

19. INSTALLATION OF IN-PAVEMENT SENSOR HEAD. It Is e s sent ia l the i n s t a l l e r ensure 
correct or ientat ion of the sensor head with respect to a i r c r a f t t r a f f i c for proper 
se l f -c leaning of the sensor head conductive probes . Sensor heads must be f lush with 
the top surface and in the plane o f the pavement sur face . When f i l l i n g the kerf and 
d r i l l h o l e , the i n s t a l l e r shal l make sure that the bonding agent f i l l s the cavity 
and does not exude over the sensor head. The i n s t a l l e r s h a l l anchor the cables in 
bottom of the cleaned ker f cut with wedges or s imi lar devices before f i l l i n g in the 
kerf with the manufacturer's recommended bonding agent . 

See AC 150/5340-19, Taxiway Centerline Lighting System (paragraph 7 ) , and AC 
150/5340-4C, I n s t a l l a t i o n Detai ls for Runway Centerline and Touchdown Zone Lighting 
Systems (paragraph 5 ) , current e d i t i o n s , for addi t iona l i n s t a l l a t i o n 
recommendations. 

20. CONNECTION/INSPECTION AND TEST. Connections from in-pavement sensor heads to 
the remote f i e l d unit and connections from the f i e l d unit to the a i rpor t power 
supply shal l be made in accordance with manufacturers' instruct ions and the FAA 
advisory c i r c u l a r s referenced in paragraph 19. The i n s t a l l e r s h a l l check and a l i g n 
the complete system during ins ta l l a t ion since in-pavement components are not 
access ib le for correct ive action a f t e r i n s t a l l a t i o n . A complete check for a l l sen
sor functions s h a l l be accomplished pr ior to projec t completion. A l l tes t equipment 
and adjustments required at a par t i cu lar s i te s h a l l be supplied by the system 
manufacturer. A l l elements of the sensor e l e c t r i c power supply sytem, including 
mater ia l s , components, and des igns , sha l l conform to nat iona l , s t a t e , l o c a l , and FAA 
accepted pract ices or codes for the i n s t a l l a t i o n of systems with s imi lar e l e c t r i c a l 
power requirements and placements. This requirement covers c a b l e , cable b u r i a l , 
e l e o t r i c a l t i e - i n s , and other equipment necessary for system operat ion. 

Chap 4 
Par 17 
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