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W e are a reflection of our times. For THE NOKTHERN 
ENGINEER, the University of Alaska, the State of Alaska, the 

United States of America, and even the world as a whole, this is a time 
of transition. The University of Alaska Fairbanks, of which THE 
NOKTHERN ENGINEER is a part, is undergoing a reorganization with 
the intent being to create a more streamlined, stronger entity, better 
able to meet the needs of our many constituencies. 

How will these changes affect THE NOKTHERN ENGINEER? 

Well, one change has already occurred, Cynthia M. Owen left the 
University of Alaska Fairbanks, effective June 30, 1992. This is the last 
issue that Mrs. Owen collaborated on--editing, proofing, 
brainstorming. She contributed greatly to the quality of this publication 
and will be sorely missed. 

The next part of this change will be the need for us to address the 
problems of THE NOKTHERN ENGINEER. We have been facing a 
decline in paid subscribers, dijficulty in obtaining publishable technical 
material and severe budgetary constraints. For all of these reasons, 
THE NORTHERN ENGINEER will temporarily suspend publication, 
effective the Winter 1991/Spring 1992 issue. During our suspension, we 
will explore alternative ways to successfully restructure the magazine 
and would welcome any of your comments and ideas on how to make 
THE NORTHERN ENGINEER better and stronger. 
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Some Electric Utility Problems in Rural Alaska: 
Service Quality and Metering 

by 

Whitham D. Reeve, P.E. 

Editor's note: This article is not one of Mr. Reeve's four-part 
telecommunications series; it is a separate effort which should 
be of particular interest to rural electric utility operators. 

INTRODUCTION 

This artiCle is for electrical engineers and others interested in 

solving some of the electrical utility problems common in rural 

Alaska. I will describe my observations, conclusions, and solu

tions to these problems; the solutions are not necessarily unique, 

but they may spark insight in others facing similar situations. 

I owned and operated a consulting electrical engineering 

practice for 14 years. During that time, I was frequently called 

to investigate electric utility metering and service quality prob

lems all over Alaska, particularly in the Bristol Bay, Aleutian 

Islands, Alaska Peninsula, and Prince William Sound areas. 

Through this work, I have acquired special expertise in solving 

these power problems, mostly learning the hard way. 

PROBLEMS IN GENERAL 

Rural Alaskan communities have somewhat unique electri

cal characteristics compared to urban areas. Almost all have 

very large variations in load and demand factors between sum

mer and winter seasons. Many coastal communities have sea

food processing plants that place a large seasonal load on the 

electric utility distribution and generation systems. Such plants 

have large electric motors and the attendant voltage and wave

form control problems that go with them. 

Diesel-electric generators are used almost exclusively in ru

ral communities. By their very nature and location, it is impos

sible to design, build, operate, and maintain power systems in 

such a way that they are free of power disturbances or degrada

tion in service quality, at least for short terms. In many commu

nities, good grounding systems-essential to reliable and 

troublefree electric utility operation-are difficult, if not impos

sible, to obtain. 

4 

Service quality problems can manifest themselves in terms 

of an annoying light flicker, a relatively high failure rate of 

incandescent light bulbs, and problems with personal and busi

ness computers and other sensitive electronic devices such as 

VCRs, television sets and audio high fidelity equipment. At the 

very least, electric clocks will not run accurately. Many people 

are convinced that power disturbances can cause metering er

rors, too, but this is not the case. 

Electric utilities are capital intensive, especially in rural 

Alaska where costs for everything are high. Consequently, the 

invested cost per connected consumer is very high. The electric

ity rates, in turn, must also be high for capital and operational 

cost recovery. Operational costs, such as for fuel, are ever 

increasing, meaning the rates must increase. As rates increase, 

consumers consciously lower their electricity use. Since much 

of the utility costs are fixed, the unit electricity rate must rise. 

Higher rates mean yet lower electricity use, and so on, until 

equilibrium or economic failure. 

A person moving into rural Alaska from an area with com

paratively low electric rates is always shocked when the first 

bill arrives. This usually sets off a long-running dispute between 

the utility and the consumer about the accuracy of the con

sumer's electric meter. The situation is usually_ resolved when 

the "new" consumer becomes an "old" consumer; that is, the 

consumer learns how to make better use of electricity, which 

lowers the bill. When rates are high, consumers can be very 

frugal in their electricity use. Nevertheless, metering complaints 

still and always will persist 

Table 1 shows representative electricity rates for various 

communities in rural Alaska as compared to the urban areas

Anchorage, Fairbanks, and Juneau. The State of Alaska pres

ently has a subsidy program called Power Cost Equalization 

(PCE) that attempts to provide rural electricity consumers with 

rates that are comparable to urban areas, at least for the first 

750 kiloWatthours (kWh) of consumption. The futrire of this 
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program is uncertain, as are all government funded subsidy 

programs. 

TABLEl. A COMPARISON OF TYPICAL RURAL 

ELECTRICITY RA1ES 

Average PCE 
Usage Electricity* Credit 

Location (kWh) Cents/kWh Cents/kWh Net Cost 

Cold Bay 535 36.6 24.2 12.4 

SandPoint -550 29.9 18.7 11.1 

Bettles 415 48.7 32.0 16.7 

Fort Yukon N/A 31.8 19.4 12.4 

Kotzebue 790 18.8 7.2 11.6 

Klawock N/A 30.4 18.1 12.3 

Anchorage 545 9.2 0.0 9.2 

Fairbanks N/A 11.3 0.0 11.3 

Juneau -535 7.7 0.0 7.7 

*Average rate for 500 kWh consumption 
Source: Alaska Public Utilities Commission Annual Report 

to the Alaska Legislature Fiscal Year 1990. 

SERVICE QUALITY 

Any appraisal of electric service quality is subjective at best. 

It is also relative. The service quality is excellent iQ many rural 

communities such as Dillingham, Cordova, and Cold Bay, espe
cially when compared to some areas of Anchorage, for example. 

This so-called excellent service quality is not available every

where in rural Alaska, but consumers may be so accustomed to 

the level of service quality that it is not an issue (service quality 

is acceptable to them).1 

What is service quality? The Alaska Public Utilities Com

mission (APUC) defines it in terms of line frequency tolerance, 

the use and control of standard voltages, and outages.2 This is a 

good starting point. I will discuss how each of these, as well as 

voltage unbalance in 3-Phase systems, affects service quality. 

VOLTAGE 

All electric utilities, by their nature, are obligated to deliver 

industry standard voltages as specified in ANSI C84.1-1982, 

American National Standard for Electric Power Systems and 

Equipment - Voltage Ratings (60 Hz). The APUC ensured 

utilities recognize this obligation by making it a part of the 

Alaska Administrative Code.3 ANSI C84.1 specifies "A" and 

"B" ranges for service voltage. Service voltage is the voltage 

delivered to the consumer's service equipment (meter). The 

standard also shows utilization voltage ranges, which are the 

minimum and maximum voltages at the end of a loaded branch 

circuit. Table 2 shows the recommended service voltages for 

each range. 

Electric utility systems are designed to deliver Range A 

voltages in "most" cases. Service voltages outside Range A 

"should" be infrequent. Range B voltages extend beyond 

Range A limits and are considered a part of any practical electri

cal utility operation. However, Range B excursions "shall be 

limited in extent, frequency, and duration." When Range B 

excursions occur, "corrective measures shall be undertaken." 

These basic requirements are easier said than done in rural 

Alaska. 

Electric utilities with long distribution or feeder lines may 

have special problems supporting the voltage at the far ends of 

those lines. If the voltage at the generator is raised enough to 

provide acceptable voltage at the far end, the service, voltage for 

consumers near the generator may be too high. The only answer 

to this problem is to use service transformers with voltage taps 

or a voltage regulator at some distance on the long lines. With 

taps (which are on the primary winding), the service voltage can 

be adjusted over a 5% range, which is usually enough to meet 

ANSI requirements. With a voltage regulator, the generation 

voltage can be reduced for close-in support while the regulator 

1 A report, "Rural Alaska Electric Power Quality" by J.D. Aspnes, et al., University of Alaska Fairbanks, describing electric utility service quality 

in some selected areas of rural Alaska, appeared in the IEEE Transactions on Power Apparatus and Systems, Vol. PAS-104, No.3, March 1985. 

2 See Title 3 Alaska Administrative Code 52.460. 

3 See Title 3 Alaska Administrative Code 52.460, par. (b). 
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takes care of the far-end support. Many utilities make the pur

chase of service transformers with taps a matter of policy. 

TABLE 2. ANSI C84.1-1982 SERVICE VOLTAGE 

RANGES 

Single-Phase 

Nominal Voltage 

Range A Voltage 

Minimum 

Maximum 

Range B Voltage 

3-Phase 

Minimum 

Maximum 

Nominal Voltage 

Range A Voltage 

Minimum 

Maximum 

Range B Voltage 

Minimum 

Maximum 

120/240 Volts 

114/228 Volts 

126/252 Volts 

110/220 Volts 

127/254 Volts 

208Y/120 Volts 

197Y/114 Volts 

218Y/126 Volts 

191Y/110 Volts 

220Y/127 Volts 

Note: For 240/120 Volts, 3-Phase Delta, use a combination 
of single-phase and 3-Phase requirements. 

The life of incandescent light bulbs is highly dependent on 

voltage. Figure 1 shows that life is reduced by over 50% for a 

10% increase in rated voltage (that is, from 120 to 132 Volts). 

Similarly, a 10% decrease in voltage (from 120 to 108 Volts) 

will increase the life by over 400%. 

FREQUENCY 

The frequency of small diesel-electric systems is usually 

controlled by a mechanical governor with a tolerance of ±2 Hz 

from the nominal 60Hz line frequency. For systems with less 

4 See Title 3 Alaska Administrative Code 52.460, par. (a)(2). 

5 See Title 3 Alaska Administrative Code 52.460, par. (a)(l). 
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than 2,000 consumers, the APUC requires this accuracy.4 As 

engines and governors age, frequency stability degrades, espe

cially under changing load conditions. High time or poorly 

maintained engines have no power margin for full load opera

tion, which results in sagging frequency and voltage. With 

mechanical governors, electric clocks will quite easily lose or 

gain an hour a day. Also, there may be operational problems 

with electrical or electronic equipment that depend on the line 

frequency for synchronization or basic operation. 

Larger systems usually have multiple engines and will use 
electronic/hydraulic governors for better synchronization per

formance and frequency control. These types of governors are 

trouble-free and allow precise frequency control-within sec

onds per day. In systems larger than 2,000 consumers, the 

APUC allows a ±2% frequency error with a 24 hour average 

error of 90 seconds as measured with an electric clock. 5 

The simplest frequency reference is a battery operated, 

quartz crystal wall clock. These can be adjusted to quite good 

accuracy by using the time transmitted by the National Institute 

of Standards and Technology WWV or WWVH.6 With both the 

electric and battery operated clocks mounted adjacent to each 

other, time comparisons can be made and the generator speed 

6 A high frequency receiver (2-25 MHz) is needed to receive these signals. Alternately, a telephone connection can be made to a receiver by 

calling (907)552-3553 at Elmendorf AFB_. Alaska . 
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adjusted accordingly. With a little practice, the average error 

can be reduced to a very small value. It is possible to link the 

electronic governor controls to a time standard (such as WWV 
or a very precise oscillator) such that the average gain or loss 

over a 24 hour period is zero. 

Overspeed is an extreme case of poor frequency control, and 

it occasionally occurs. Overspeed, caused by simultaneous gov

ernor and overspeed sensor failure, will almost always ruin an 

engine. A normal sensor will detect the overspeed caused by a 

runaway governor and shut down the engine by operating a 

solenoid valve in the fuel line or a solenoid connected to the 

injector pump control rack. Actually, the sensor failure usually 

takes place long before the governor fails, so when the governor 

does fail, there is nothing to stop the overspeed. It is difficult to 

predict governor failures, but overspeed sensors are easy to 

maintain and test, and should always be kept in working order. 

POWER DISTURBANCES 

Power disturbances are any short term abnormality with such 

descriptive terms as outages, sags, surges, impulses, spikes, 

transients, and frequency aberrations. Table 3 shows how the 

Institute of Electrical and Electronic Engineers (IEEE) defmes 

some of these terms? The requirements for power disturbances 

on electric utility systems are not standardized (nor are they 

codified by the APUC). For informational purposes, however, it 

is helpful to look at the rather stringent design goals for com

puter power. Figure 2 shows a graph and chart produced by 

IEEE.8 It is important to realize that these illustrations reflect· 

industry design goals and not industry standards. 

The design goals, shown in Table 3, apply to computers and, 

therefore, are difficult to apply to the service quality provided 

by electric utilities. It is safe to say that all electric utilities strive 

to provide the best service possible within economic, manage

rial competence, environmental, and practical constraints. This 

always means compromises are made, especially in rural Alaska 

with its limited resources and severe environment. Many times, 

service quality is beyond the electric utility's control. These 

compromises are especially true with grounding. 

7 See IEEE Std. 446-1990, Emergency and Standby Power Systems. 

8 Ibid. 
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TABLE 3. POWER DISTURBANCE TERMS 

Term 

Outage 

Sag and 
Surge 

Impulse or 
Spike 

Voltage Level 
of Disturbance 

Below 85% Normal 

Below 85% and above 
105% Normal Voltage 

Duration of 
Disturbance 

More than 10 seconds 

From 16.7ms 
(1 Cycle) to 10 seconds 

100% Normal Voltage or Less than 16.7 ms 
Higher- Instantaneous (1 Cycle) 
voltage above or below 
line voltage 

Source: IEEE Std. 446-1990, Emergency and Standby Power 
Systems. 

SERVICE GROUNDING 

Service equipment grounding is a chronic problem for virtu

ally every electric utility in Alaska. Service grounding is the 

consumer's responsibility and is covered in Article 250 of the 

National Electrical Code (NEC). The importance of proper 

grounding cannot be overemphasized. In addition to improving 

the safety of electrical installations, good grounding also en

sures more reliable operation of computer equipment and simi

lar sensitive electronic equipment used by consumers. The 

literature is consistent about the detrimental effects of poor 

grounding on the operation of computer equipment. 

In many areas it is impossible to obtain an adequate service 

ground. This is true of many coastal communities where the 

town is built on bedrock, which is a good insulator. Many, 

interior Alaska communities are built on permafrost, also a 

good insulator. A ground rod should always be driven as deeply 

as possible. Where it cannot be driven very deep (for example in 
rock or permafrost), the NEC allows the rod to be buried hori

wntally. Alternately, the service may be grounded with a 

ground ring, which consists of at least 20 feet of buried No. 2 

Bare Copper conductor. 

Proper service grounding is only part of the problem. The 

electric utility is obligated to ground its equipment and systems 

according to the National Electric Safety Code (NESC). This is 
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a legal requirement of the APUC. 9 In addition to the safety 

benefits, good distribution system grounding also improves sys

tem stability and opemtion under fault conditions and reduces 

electrical interference to telecommunications systems. I have 

recommended, with good result, the installation of additional 

ground rods on multi-grounded neutral distribution systems to 

reduce or eliminate inductive interference to telecommunication 

outside plant cables. (It is imperative that telecommunication 

cable shields be properly grounded, too, otherwise this is inef

fective.) 

.300°/of--~r-------------------

106.,. 

IOO.,of----

87.,. 

LACK OF STORED ENERGY IN 

VOLTAGE UNBALANCE 
SOME MANUFACTURER'S ---...f,f'.. 'V 
EQUIPMENT 

Unbalance is of concern to any consumer using 3-Phase 

motors (generally commercial and industrial consumers, such as 

seafood processors and retail stores with large refrigeration 

units), especially in rural areas with high electricity mtes. A 

relatively small unbalance on the primary distribution system is 

TIME IN CYCLES (60Hz) 2• 

Figure 2 (a). Typical design goals of power-conscious computer manufac
turers. Reproduced from IEEE Std. 446-1990, ©1990 by the 
Institute of Electrical and Electrollics Engineers, Inc., with 
permission of the IEEE. 

magnified on the secondary side in the current 

dmwn in each phase of 3-Phase motors. The 

additional current is consumed by the motor in 

the form of losses, which increases the con

sumer's bill. Figure 3 shows the effect of unbal

ance on 3-Phase motor losses. For example, a 

2% voltage unbalance can increase the losses in 

a 3-Phase motor by 10% over balanced values; 

a 6% unbalance increases losses by about 45%. 

In addition to increased losses, delivery of 

unbalanced voltage to a service can lead to 

early failure of heavily loaded motors. Some 

causes of voltage unbalance (from a utility per

spective) are: 

• large single-phase loads; 

• highly reactive single-phase loads; 

• unequal substation tmnsformer tap 
settings; 

• open phase on the primary side 
of a 3-Phase transformer con
nected to the distribution system; 

Figure 2 (b). Typical n111ge of input power quality and load pammeters of major computer manufac
turt~n. Reproduced from IEEE Std. 446-1990, ©1990 by the Institute of Electrical and 
Electronics Engineers, Inc., with permission of the IEEE. 

Parameters* 

1) Voltage regulation, 
steady state 

2) Voltage disturbances 
Momentary undervoltage 

Transient overvoltage 
3) Voltage harmonic distortion** 
4) Noise 

5) Frequency variation 
6) Frequency rate of change 

7) ~.Phase voltage unbalance*** 

8) ~ Load unbalance**** 
9) Power factor 

10) Load demand 

Range or Maximum 

+5, -10 to +10%, -15% (ANSI C84.1-1970) 
is +6, -13% 

-25 to -30% for less than 0.5 s 
with -100% acceptable for 4 to 20 ms 
+150 to 200% for less than 0.2 ms 
3-5% (with linear load) 
No standard 

60 Hz± 0.5 Hz to± 1 Hz 
1 Hz/s (slew rate) 

25 to5% 

5 to 20% maximum for any one phase 
0.8 to 0.9 
0.75 to 0.85 (of connected load) 

* Parameters 1), 2), 5), and 6) depend on the power source while parameters 3), 4), 
and 7) are the product of an interaction of source and load and parameters 8), 9), 
and 10) depend on the computer load alone. 

** Computed as the sum of all harmonic voltages added vectorially. 
*** Computed as follows: 

. 3(Vmax- Vmin) 
%phase voltage unbalance= x 100 

Va+Vb+Vc 

**** Computed as difference from average single-phase load. 

9 Title 3 Alaska Administrative Code 52.470 (b) references AS 18.60.580, which adopts the NESC and NEC as minimum electrical standards. 

8 THE NORTHERN ENGINEER, VOL. 23, NO. 2&3 



• faults or grounds in distribution transformers; 

• open-delta transformer banks; and 

• a blown fuse on a 3-Phase bank of power factor 
correction capacitors. 

In order to ensure balanced distribution voltages, electric 

utilities must identify all loads connected to each primary phase. 

The loads must be analyzed and rebalanced as necessary. This is 

not as easy as it sounds. Voltage balance may vary significantly 

with the season and year-round balance is impossible to 

achieve. In these cases, a compromise is the only solution. A 

one-time balance is only effective over a short period of time, 

especially if there is considerable consumer turnover and 

growth. Therefore, the balance program must be maintained 

continuously by monitoring the phase loading and adding new 

single-phase services to the least loaded primary phase. 

CORROSION 

Corrosion is a serious problem in coastal areas. This affects 

both electric utility equipment and the consumer's service 

equipment and meter base. Corrosion can cause transformer 

tanks to leak or cooling fins to fall off. Hinges and locks on 

electrical enclosures will freeze. The only solution to equipment 

surface corrosion problems is preventative maintenance such as 

treating and repainting corroded areas before they become too 

bad. I routinely recommend electrical equipment (such as sec

tionalizing terminals and pad mounted transformers) be pur

chased with stainless steel hardware (hinges, hasps, and 

fasteners). 

All accessible electrical equipment must be locked. This 

includes sectionalizing terminals, pedestals, and transformer 

enclosures. I have seen almost every type and brand of lock 

used. With one exception, they've all become rusted, inoper

able, difficult to open, and must be cut off. The only lock I have 

seen last is an all-brass padlock made by Engineering Unlim

ited, Inc.10 The lock has a circular shackle and costs only a few 

dollars. The company will make a custom key code for any 

customer, and all locks can be keyed alike. 
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I HIGH ELECTRICITY CONSUMPTION COMPLAINTS I 
I have investigated a large number of electricity consumption 

complaints all over Alaska and have come to a general conclu

sion: With very few exceptions, the problems are not caused by 

the utility or its metering equipment but, instead, are due to the 

consumer's unknowing use of appliances and heat tapes. Heat 

tapes are a particular problem everywhere, especially in (or 

under) mobile homes. I have never found a utility meter that 

read significantly higher than it should. In virtually every case 

that I have observed an out-of-calibration or incorrectly wired 
meter, it has read low. It is therefore in the utility's best interest 

to change out such meters or rewire the installation. Other 

metering problems are discus~ in the next section. 

All-knowing consumers are rare, so these complaints will 

persist and should always be investigated. An easy way to 

investigate usage complaints is with a power demand analyzer. 

This device records electricity consumption over a period of 

time and is very useful for tracing high consumption to a par
ticular circuit or load. These analyzers can be purchased or 

rented. It will give credibility to a correctly calibrated meter, but 

it also will quickly show a poorly calibrated meter. 

10 The address is 2841 Dupont Avenue South, Minneapolis, MN 55408; tel. (612) 872-4144. 
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The APUC _specifies metering accuracy by referencing ANSI 

standards.
11 

These standards basically require the meters to 

maintain a ±2% accuracy. A little known regulation requires 

utilities to retest the meter "if the meter is removed from service 

for any reason .... " 12 

High usage complaints can arise due to meter reading errors. 

The rotating dial (clock) type meters are difficult to read and 

some practice is required to accurately record the reading every 

time. Cyclometer type dials are much easier to read; however, 

they are slightly less accurate (but still well within specifica

tions). Meter reading errors will usually work themselves out in 

one or two reading cycles. In other words, if a particular month 

is accidentally read high, a correct reading the next month will 

show low consumption, which will even things out. Cases of 

intentional meter misreading have occurred These situations 

are impossible to guard against but are easy to identify when a 

different person reads the meter and the consumption for that 

month is extremely high relative to other months. Meter tamper

ing can be spotted by a sharp-eyed meter reader or by analyzing 

the electricity consumption for reasonableness. 

METERING PROBLEMS 

Metering problems abound in many utilities. This is a differ

ent class of problem from high consumption complaints and are 

the result of: 

(1) Using an incorrect meter for the type of service (for exam

ple, using a single-phase residential meter on a network 

service--see BOAT HARBORS later); 

(2) Improper wiring of current and potential transformers; 

(3) Not using a demand meter on a commercial or industrial 

service with which the utility's tariff allows demand me

tering; and 

(4) Using the wrong meter multiplier when the electric bill is 

calculated. 

The best way to solve these problems is a metering audit. 

The metering audit is an excellent tool even if there is no known 

problem. There are two types of audits: full and simplified. A 

simplified audit is a review of the metering records, physical 

inspection of the metering installations (which means tracing 

the wiring and recording meter nameplate data), and subsequent 

analysis of the data to determine if the metering installation is 

appropriate for the service voltage and configuration. If prob

lems with the installation are suspected and nothing is obvi

ously wrong, the meter should be replaced. The suspect meter 

should then be checked for calibration. 

A full audit includes all of the above plus meter and instru

ment transformer (current and potential transformer) tests. A 

full audit is sometimes beyond the resource capabilities of small 

electric utilities simply because they do not have the test equip

ment to check meter or instrument transformer calibration. A 

simplified audit is all that is usually required to find the majority 

of serious metering problems. 

Any audit requires the recording of meter nameplate data as 

mentioned above. Sometimes it is necessary to refer to the 

manufacturer's catalog for the Register Ratio and First Reduc

tion Shaft Ratio (if any). This information is necessary to calcu

late the meter multiplier and compare it to the metering records. 

Data required for multiplier calculations are shown in Table 4. 

TABLE4. METERNAMEPLATEDATA 

Item 

Watthour (or Meter) Constant 

Register Ratio 

First Reduction Shaft Ratio 

Symbol 

The dial multiplier, Kr, for any particular meter is found from 

Kr = Rr X Kb X Rs/10,000 

For most meters, the dial multiplier Kr = 1 or 10. If the Kr = 
10, it is normally, but not always, stamped somewhere on the 

11 Title 3 Alaska Administrative Code 53.465, par. (c) references Title 3 Alaska Administrative Code 32.420, which adopts ANSI C12.1, 

American National Standard for Electricity Metering, ANSI C12.4, American National Standard for Mechanical Demand Registers, and 

Handbook for Electricity Metering by the Edison Electric Institute. 

12 Title 3 Alaska Administrative Code 32.500. 
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meter. When a specific multiplier is not indicated, calculations 

should be made. The usual value for Rs is 100. This value can be 

assumed if the nameplate or meter catalog does not indicate 

otherwise. Some meters (notably some General Electric 

polyphase V65 series meters) use Rs = 50. There has been at 

least one case in Alaska where this fact was not noted and the 

metering records carried a x1 multiplier when a x0.5 multiplier 

should have been used 

Once the dial multiplier (Kr) is determined, the overall meter 

multiplier can be found from 

Meter Multiplier= Kr X Cf X PT 

where cr is the current transformer ratio and PT is the potential 

transformer ratio. For example, if the cr ratio is 400:5 and the 

PT ratio is 1:1, the meter multiplier would be 80 x 1 or 80. This 

is the value that would be used in the metering records. Where 

current and potential transformers are not used, CT = 1 or PT = 

1 in the above formula. 

A metering audit should initially concentrate on large com

mercial and industrial services. There should be a 100% audit of 

all transformer rated services (those with current or potential 

transformers) and all services requiring a demand meter. A 

sample, say 5% to 10%, of the residential and small commercial 

services should also be initially performed. If substantial prob

lems are found, a larger sample should be taken; a 100% audit 

may be necessary. 

Self-contained meters are very easy to install correctly. On 
• 

the other hand, transformer rated, poly-phase meters and the 

associated current and potential transformers are very difficult 

to install correctly. Wiring errors are common. Meter wiring 

diagrams-found in the manufacturer's meter handbooks and 

readily available from their distributors-must be followed 

closely and exactly. The connections and jaw arrangements are 

standardized, so one meter handbook will generally work for all 

meters regardless of manufacturer. 

Not having a demand meter when one is called for in the 

tariff is another case of giving away free electricity. Almost all 

tariffs include demand charges on the larger commercial and 

industrial services. The break-off point is usually around 10--

25 kiloWatt load. Services with a load below the value are not 

demand metered while those above have a demand meter. The 

demand charge is usually in the range of $5 to $9 per kiloWatt 

per month. 
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Using a regular 1-stator, 240 Volt rated, single-phase (4-jaw) 

residential type meter on a network is a common problem. A 

network service is any single-phase service connected across 

two phases of a 3-Phase, Wye-connected service transformer as 

illustrated in Figure 4. This is seen, for example, where a small 

business or residence with a single-phase service is served by 

the same transformer bank that serves a large establishment 

with 3-Phase power. Such meters will always read low (25%-

30%); that is, the recorded kiloWatthours will always be less 

than that actually consumed. This means the utility, if it bills 

from these meters, is giving away free electricity. The actual 

error will vary with the load power factor and balance between 

the 120 Volt (line-neutral) loads. The only solution is to replace 

the meter and meter socket with correct devices. A network type 

meter (2-stator) and 5-jaw socket are required Network meters 

are expensive, but it is easy to add the 5th jaw to most single

phase meter bases. 

BOAT HARBORS 

Boat harbors present special problems to rural electric utili

ties. The electrical systems in many harbors were poorly de

signed by the State of Alaska and its consultants. Contractors 

built them as designed. To compound the problem, severe cor

rosive environments limit the life of the electrical equipment, 

and requires heavy maintenance or replacement after only a few 

years; neither of which are done, often due to a lack of funds. 

Many communities have a running disagreement between local 

government, state government, and the electric utility over own

ership of harbor electrical systems. Nobody wants it 

The main problem, from an electrical standpoint, is the me

tering. Many boat harbors are fed by a 208Y /120 Volt, 3-Phase, 

4-Wire secondary distribution system, but all loads are single

phase. This is a network service as previously described. How

ever, in many state designed harbors, individual services are 

metered with residential type, 240 Volt rated, single-phase, 

single-stator meters (4-jaw). In my experience with boat har

bors, the billing error is around 30% or more-in favor of the 

consumer. 

There are two solutions to this problem; one is to replace the 

meters. Since ownership and responsibility are controversial, it 

is always a question (one without an answer in most cases) of 

who pays for the rework. The other is to bill the boat harbor as a 

single consumer using a 3-Phase master meter connected at the 
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208Y/120 V, 3-Phase 
Service Transformer 

' : Service Wire 
' !Secondary) 

Meter 

Single-Phase 
3-W, Load 
!L-N & L-U 

Correct: 2-Stator Network Meter 

Incorrect: 1-Stator Residential Type Meter 

Figun 4. Networlc distribution metering. 

service transformer. The problem with this solution is that most 

boat harbors refuse to accept the arrangement 

OTHER SYSTEM PROBLEMS 

Some electric utilities have excessive line losses. Line losses 

are basically the difference between the electricity generated 

and the electricity sold, which can be taken as a ratio. Anything 

over 10% is suspect. Problems with excessive line losses can 

often be traced to fuel theft or poor management of fuel deliver

ies, fuel metering problems, a faulty distribution transformer, 

damaged lines, worn-out engine-generator sets, or powerhouse 

metering problems. 

Another common problem is loose or corroded neutral con

nections at distribution transformers and service equipment, and 

loose primary neutrals in 3-Phase circuits. These will always 

cause mysterious system problems. In other words, if there is no 

other rational explanation, check the neutrals. Loose or broken 

neutrals can seriously damage utility equipment and consumer 

appliances to say nothing of being a safety problem. Aluminum 

secondary conductors are especially prone to becoming loose or 

corroded. Problems are generally eliminated if the connections 

are properly torqued and an oxidation inhibitor is liberally used. 

I CONSUMPI'ION OF ELECTRICITY BY APPLIANCES I 
A small number of appliances account for the majority of 

electricity use by residential consumers. These are the electric 

range/oven, furnace, refrigerator (especially frost-free), water 

heater, and clothes dryer. Supplemental electric heaters see con~ 
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siderable use during extremely cold weather, and they can 

add substantially to electricity consumption. The water 

heater and clothes dryer see especially heavy use in homes 

with small children. Also, heat tapes are notorious for 

being left on, or not even known about by a new mobile 

home tenant. Every consumer uses appliances differently, 

so it is difficult to be more specific. 

Table 5 shows the average annual consumption in 

kiloWatthours for a variety of appliances. The actual con

sumption for a given appliance will depend on the manu

facturer and how the appliance is used. The original source 

of this information is unknown (the information was in

cluded in a mailing from the Anchorage electric utilities), 

but it is useful for first-order approximations. 

TABLE 5. ELEClRICITY CONSUMPTION FOR 

SELECTED APPLIANCES 

Data Source 1 Data Source 2 
Appliance (kWh/Year) (kWh/Year) 

Freezer 
Manual (16 cu. ft) 1,620 1,190 
Frost-free (16 cu. ft.) 2,256 1,820 

Refrigerator 
Manual (13 cu. ft) 1,500 1,500 
Frost-free (17 cu. ft.) 2,040 2,250 

Clothes Dryer 900 1,110 

Lighting (4-5 rooms) 600 t,osg 

Water Heater 3,720 5.769 

Range/Oven 732 730 

Dishwasher 360 1,570 

Color Television 324 366 

Note: Data Source 1-Chugach Electric Association, 
Anchorage, Alaska; Data Source 2-- Municipal 
Light & Power, Anchorage, Alaska. 

INVESTIGATING SERVICE COMPLAINTS 

The large and growing use of personal and small business 

computers, which seem to have an inherent sensitivity to power

line transients (some more so than others), has had a direct 

impact on the number of service quality complaints. Complaints 
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can be initially investigated with a voltmeter and clamp-on 

ammeter, but these devices provide only a snapshot of the 

conditions at the time of measurement; they do not show tran

sient conditions (power disturbances). For serious investigation, 

a power disturbance analyzer is essential; they can be purchased 

or rented. 
Problems with computers are not always the utility's fault; 

but, whenever several service quality complaints are clustered 
around a particular time or place, the utility should investigate. 

If computer-affecting transients do exist, they will be identified 

by the power disturbance analyzer. 
For the most part, there is little a utility can do to reduce 

many system transients unless they are due to inadequate sys
tem design or improper system operation. Most transients at a 

particular premises can be traced to inadequate service ground

ing or wiring problems within the premises. 
The very large industry devoted to producing add-on periph

eral power equipment is testimony enough to convince anyone 
that the problem of small computers and transients is wide
spread. The large mainframe computer industry recognized the 
problem years ago and spends incredible amounts of money to 
provide completely separate and independent power systems for 

computer equipment. 

The application of so-called power enhancement products 
(isolation transformers, uninterruptible power supplies, standby 

power supplies, and noise suppressors) is universal in urban 
areas and should be in rural areas, too. A utility service connec
tion may check good with a power disturbance analyzer, but 
problems in the premises may still exist These can be found by 

installing the analyzer on the premises branch circuit for the 

device in question. As someone once said, ''There were no 

problems with power until computers came along." 

TROUBLE SHOOTING METHODS 

entrance. It should be within approximately 10% of 

nominal voltage (see Table 2). If out of tolerance, 

measure the voltage at the secondary pedestal (if used 

with underground service) and distribution trans

former. There should be reasonable comparison 

(within about 5-10 Volts). 

(b) Turn off the main circuit breaker at the service entrance. 

Ensure the circuit breaker has in fact disconnected the 

load by measuring the voltage on the load side of the 

breaker-the measured voltage should be zero. If some 

voltage is measured, the breaker is defective and must 

be replaced. 

(c) With the main circuit breaker off, check to see if the 
utility meter is still turning; any rotation should be im

perceptible. Measure the rotation time of the utility me

ter with a stopwatch. It may be turning forward or 

backward. Note: Meter standards allow for a small 
amount of rotation with no load (called "creep"), but 

the amount is almost imperceptible. If in doubt, replace 
the utility meter with a known good unit 

(d) With the main circuit breaker off, check for current with 

a clamp-on ammeter on the secondary lines at the distri
bution transformer serving the establishment-the 

measured current should be zero. If current is measured 
on the secondary lines, the lines have a fault and must 

be replaced. 

2. Utility Meter and Load Tests: 

(a) Turn the main circuit breaker off and then disconnect 

all loads, including lights, furnace, clocks, televisions, 
VCR.s, refrigerators, and heat tapes. (The best way to 

turn off appliances is to unplug them-clocks, televi
sions, VCR.s, and similar appliances will always have 

to be unplugged since they cannot be completely 
turned oft). Examine the utility meter to see if it is turn

ing; it should not be. If it is, either all loads have not 

been disconnected or the house wiring is defective. 

The following list summarizes the basic steps I use when 

investigating service complaints. Many of the steps can be per
formed by anyone with the inclination to do so; however, some 

of the steps can be performed by qualified electric utility per-
sonnel. (b) If the meter is turning, measure the load current on each 

circuit at the load center circuit breaker panel to deter

mine which circuit is still loaded. Trace the load to de
fective wiring or appliance. 

1. Utility Meter and Secondary Lines Tests: 

(a) At each establishment with suspect electricity consump
tion problems, frrst measure the voltage at the service 
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3. 

(a) 

Utility Meter Tests: 

If desired, perfonn a check of the utility meter accuracy 

by putting a known load on the meter and timing sev

eral rotations of the meter rotor with a stopwatch and 
calculating the load from 

Load (Watts)= Kh x No. Revolutions x 3600/Time 

where Kh =meter constant (from meter faceplate); No. 
Revolutions = number of revolutions of the rotor in 

Time; and Time = time in seconds for number of revo
lutions. 

If the meter faceplate shows a multiplier, the load cal

culated above must be multiplied by this number. Also, 

if the meter installation has CTs or PTs, multiply the 
calculated load by the respective mtios. 

(b) A rough check of metering accuracy can be made by meas

uring the voltage (line-neutml) and current in each line 
with a clamp-on ammeter and calculating the load (in 
Volt-Amperes) from 

14 

Load (VA)= Voltage (L1-N) x Current (L1) + 
Voltage (L2-N) x Current (L2) 

4. 

(a) 

where Ll and L2 are the respective phase leads and N 
is the neutmllead. 

This test should reasonably compare with the load cal
culated in (a) above. However, it sho~d be noted the 

fonner test gives a true indication of the active power 
(Watts) whereas the latter test give apparent power 

(Volt-Amperes-VA). Using VA is sufficiently accu
mte for quick tests. 

System Metering Tests 

(applicable to small systems only): 

It is imperative that the kiloWatthours genemted be logged 
properly at the powerltouse and compared with the to-

tal kiloWatthour sales. This can be done over a 24 hour 

period but prefembly over several days or a week. The 

procedure is to read the powerltouse meter and immedi
ately read all meters in town. Then, in 24 hours (or sev
eral days) read the meters again in the same sequence. 

The reading should show reasonable agreement-a dif
ference of 5% to 10% can be allowed for line losses 

and metering errors (sof!le places have line losses in 
the 15% to 20% mnge-for unknown reasons). A 

larger difference indicates out-of-tolerance metering er
rors (either genemtor switchboard meters or consumer 
meters) or other problems with line losses. 
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CASE STUDIES 

The following case studies are from my files. The complaints 

or situations may be recognized by utility engineers every

where. In all cases, the complaints were resolved by the recom

mended action. 

Case No.1- Small Business 

Complaint: Continuous computer hardware and software 

problems attributed to voltage spikes. 

Findings: 

1. Network service (120 Volts Line-Neutral and 208 Volts 

Line-Line, nominal) with measured voltages of 123 V 

and 127 V L-N and 221 V L-L. One phase always sig

nificantly higher than the other. 

2. Power disturbance analyzer was connected at the time of 

examination. Excessive voltage variations recorded dur
ing one period-123 V to 136 V. Long-term voltage too 

high. Recorded disturbances not significant. 

3. Owner reported a TOPAZ power conditioner connected to 

computer equipment had literally burned up. This may 

have been caused by excessive voltage. 

4. Service equipment not grounded. Subpanel in building not 

bonded properly to service equipment. Grounding termi

nals of most receptacles not grounded. 

5. Computer equipment on dedicated circuit from subpanel. 

Receptacle grounding terminal bonded to outlet box 

cover in some cases, but bonding does not appear to be 

effective back to subpanel. 

Recommendations: 

1. Reduce service voltage and balance the two phases. (This 

was done by switching this service to a different phase 

on the three-phase service transformer bank and setting 

transformers down by two 21;2% taps. Plant superinten

dent reported 121 V were measured on each phase after 

the changes.) 

2. This service must be grounded. If a good ground is in

stalled, many transient computer problems will prob
ably disappear. 

THE NORTHERN ENGINEER, VOL. 23, NO. 2&3 

Case No.2· Small Business 

Complaint: Loss of hard disk partitions that occur after 

power outages. 

Findings: 

1. Three-phase, 208Y /120 Volt service. Measured 119 V, 

119 V, and 125 Vat time of examination (voltage unbal

ance 3.3%). Service connected to three-phase, pole 

mounted service transformed bank with long secondary 

conductors. 

2. Grounding electrode conductor (from neutral bus to 

ground rod) in service switch got very hot at one time. 

Connection at ground rod does not look good. 

3. Power disturbance analyzer connected for several days, 

first at the service entrance and later at the computer out

let (on load side of computer power conditioning equip

ment). Analyzer printout shows voltage variations at 

service entrance during one recording session were 

109 V to 122 V; within limits for computer operation. 

No other significant disturbances were noted. When ana
lyzer was connected to the computer outlet, voltage 

measured quite low (103 V) at times with a large num

ber of sags and surges, some neutral to ground voltage 

differences and some impulses. However, none of the 

disturbances appear to be out of the range of computer 

operation. 

Recommendations: 

1. Owner should check his computer power conditioning 

equipment I suspect the inverter has a square wave out

put, which is generally not compatible with hard disk 

drive power supplies. Also, there may be a problem 

with the inverter or its DC power supply. 

2. (Electric Utility) should rewire this service to a closer serv

ice transformer to reduce service voltage drop. 

3. Service ground should be reworked by connecting ground 

rod and water pipe system together with a large bonding 

conductor (at least 4/0 copper) to provide low noise im

pedance. 
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Case No. 3 - Residence 

Complaint: High electricity conswnption. 

Findings: 

1. From billing records, average load in December was about 

4 kW, which is very high for a house this size. 

2. Examined heat tapes and it appears they total about 

500 W; however, when we shut the tapes off, the line 

current at the service decreased by 10 Amps (1,200 W). 

Occupant said the wiring in the crawl space to the heat 

tapes had burned up at one time. 

3. Other loads are refrigerator, freezer (6 Amp nameplate), 

electric range, microwave oven, lights, portable electric 

heater in sauna. These are not enough to give a 4 kW av
erage load 

4. Meter recently replaced but did not change measured con
swnption. 

Recommendations: 

1. Connect power demand analyzer to detennine load pat

terns. I suspect the problem is with the heat tapes. 
(It was.) 

Case No. 4 - Residence 

Complaint: Excessive nwnber of light bulbs burn out 

Findings: 

1. Service voltage measured 124 V and 125 V line-neutral, 
249 V Line-Line. 

2. Other occupant did not think the number of bum-outs was 
unusual. 

Recommendations: 

1. Set service transfonner down one tap if possible. Voltages 

at other services connected to this transfonner should be 
checked rtrSt. 

Case No. 5 - Community Swimming Pool 

Complaint: High electricity conswnption. 

Findings: 

1. Records show 20 kW average load with 30 kW peak. 

16 

2. Examination showed motors totaling about 9 HP in me

chanical room, 18 HP in attic for air handler, and 3 addi

tional motors (HP unknown) in roof, plus electric 

clothes washer and dryer, eighteen 175 W lamps for 

pool lighting, two 400 W outdoor lamps and miscellane
ous other lighting and appliance loads. 

3. A pool cover is planned; room temperature control is very 
difficult right now. 

Recommendations: 

1. There is nothing (Electric Utility) can do directly to im

prove conswnption in this building. A pool cover will 

probably help considerably. Connection of the power de

mand analyzer would help to pinpoint the high loads. 

Case No. 6 - Mobile Home 

Complaint: High electricity conswnption 

Findings: 

1. Voltages nonnal (116 V). 

2. Electric water heater rated 4.5 kW; measured 17.2 Amps 

load at 240 V. Electric water heater, especially when 

household has small children, will use a large amount of 
electricity. 

3. Furnace rated 9.8 Amps and 5.8 Amps for motors. Ap

pears to be something wrong with the blower as it runs 
intennittently. 

Recommendations: 

1. Owner should check furnace and repair. 

2. Owner should consider alternative methods for heating 
water. 

Case No. 7 - Apartment Building 

Complaint: Furnace goes off early in the morning for no 

apparent reason. Furnace control box failed twice. 

Findings: 

1. Voltages okay; grounding okay. 

2. Furnace controller appears underrated (controller is rated 

4.4 Amps whereas burner motor is rated 5.8 Amps). 

Note: I later checked the operation of one of the failed 

THE NORTHERN ENGINEER, VOL. 23, NO. 2&3 



controllers and found the reset button to be very sensi

tive; vibration would cause one of the relays to chatter. 
This could be caused by problems with the electronic 
components, which are controlled by the photoelectric 

cell, and not the relay contact rating. 

Reeommendations: 

1. Connect power disturbance analyzer to determine types, if 

any of disturbances. (None found.) 

2. H controller fails again, owner should try a unit with a 

higher rating. 
• 

Case No. 8 - Earth Station 

Complaint: None (metering audit) 

Findings: 

1. Existing meter is 240 V rated; it should be 120 V rated. 

2. Current transformers have questionable accuracy. 

3. Service transformers are pole type set on an H-frame 
although primary and secondary cables are under

ground. The secondary feeds the earth station through a 
rusted out 3-Phase switch mounted on one of the H
Frame poles. The switch is badly corroded, grounding is 
inadequate and secondary cables are exposed. 

Recommendations: 

1. Replace the entire installation with a new meter, 

current transformers, and pad mounted service trans
formers. The existing meter base can be reused. New, 

color coded wiring should be installed between the cur
rent transformers and the meter base. The new current 

transformers can be mounted on existing brackets in the 
service entrance equipment in the earth station. The H

frame structure should be removed. 

Case No. 9 - Government Housing 

Complaint: None (metering audit) 

Findings: 

1. One meter is a Class 320 unit for 400 Amp services; the 

other meter is a 50 Amp rated unit with a x10 multiplier 

and is not shown in the present meter reading logs. The 
transformer size appears adequate for the load, but it is 
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a pole mounted unit set on the ground with a homemade 

cover. 

Recommendations: 

1. Replace meters, meter bases and service transformer with 

new Class 200 meters, new meter bases and new pad 

mounted service transformer. 

Case No. 10 - Fish Hatchery 

Complaint: None (metering audit) 

Findings: 

1. Two standby generators. Utility meter records with one 

generator running and not with the other. 

2. Meter is placed downstream from the automatic transfer 

switch. Meter wiring is unacceptable-relays are used 

to short the current transformers when one of the gener

ators is running. 

3. Service transformer installation is particularly unsafe and 

not acceptable. Evidence of arcing from transformer 
cases to ground; evidence of fire in the transformer en

closure. 

4. Wiring poor; no grounding. 

Recommendations: 

1. Replace entire installation with new meter base, current 
transformer, and pad mounted service transformer. 

2. Service transformer should be 225 kV A, 3-Phase, pad 
mounted unit with meter base, current transformers and 

meter mounted on it. 

Case No. 11 -Jet Fuel Pumps 

Complaint: None (metering audit) 

Findings: 

1. The meter is a single-phase unit wired in series with two 
of the phase leads. Not all power is metered by this ar

rangement and it is unacceptable. 

2. Service voltage 480 V, 3-Phase, 3-Wire Delta. 
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Recommendations: 

1. Replace entire installation with a new Class 200 poly

phase meter, meter base, and 75 kV A, 3-Phase, pad 

mounted transfonner. Specify transfonner as loop feed 

type for future connection to new service transfonners 
in the area. Service voltage should be changed to 

480¥/277 Volt, 3-Phase, 4-Wire to prevent backfeed 
problems. 

Case No. 12 - Seafood Processor 

Complaint: None (metering audit) 

Findings: 
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1. Current transfonners are dual tap 200/400:5 units wired 

Xl-X3. According to Cf data plate, this is 400:5 or X80 

multiplier. Meter reading logs show x40 multiplier. 

2. Service transfonners appear underrated. 

3. Meter base badly corroded. 

Recommendations: 

1. Replace entire installation with new meter, meter base, 
current transfonners and service transformer. 

2. Change meter logs to reflect actual multiplier for new 
installation. 
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Ice Island Construction With Ice-Water Mixtures 
by 

T.W. Forest, K. Snider and E.P. Lozowski 

This paper has been reprinted by permission of author, from the 

Proceedings of the Third International Symposium on Cold Regions 

Heat Transfer, June 1991, Fair~. Alaska. 

ABSTRACT 

This paper presents some fundamental aspects of the surface 

freezing of ice-water mixtures of varying ice fraction as a 

method of constructing ice islands. This technique is proposed 

as an alternative to spraying which is currently being used in 

field operations. Tests conducted in a cold room have shown 

that the time required to complete the freezing of an ice-water 

layer is reduced below that of water flooding, by the ice frac

tion. A comparison of ice thickening rates for the two methods 

is presented for varying atmospheric conditions. 

Spraying is confined to air temperatures between -2o·c and 

-32·c and windspeed less than 8 meters per second {m/s), while 

ice-water flooding has no such limitations. Meteorological data 

from two Arctic sites show that the fraction of time available for 

spraying in December and January would be limited to 30% to 
40%. This results in overall ice thickening rates that are signifi

cantly less than that for ice-water flooding. 

NOMENCLATURE 

h convective heat transfer coefficient 
k thennal conductivity 
1 latent heat of fusion, 1 = 334 kilojoules per kilogram 

{kJ/kg) 

t time 
To fusion interface temperature at depth Zo, To= o•c 

TA air temperature 
U A windspeed 
z depth in ice layer measured from surface 

1l ice fraction (volume basis) 

P ice density, p = 920 kilograms per cubic meter {kg/m 3) 

't time interval 
Subscripts o fusion interface 

1 location near surface of ice layer 
A air 
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INTRODUCTION 

Exploratory oil drilling in the Beaufort Sea area of the Arctic 

has been carried out from various types of temporary or semi

pennanent structures. Artificial gravel islands were initially 

used but were not found to be economical compared to winter 

drilling from thick ice platfonns. The first floating ice platforms 

were built by surface flooding with seawater at the start of the 

winter.1 With this method, ice thickening rates were enhanced 

because all latent heat release occurred at the surface of the ice 

layer where thennal resistance is minimized. Research and de

velopment in construction of ice islands has centered on en

hancing ice thickening rates over that of surface flooding. The 

result is a spraying technique2,3•
4 that takes advantage of addi

tional cooling when water droplets move through cold air. 

This spraying method has been used with considerable suc

cess to complete ice island construction early in the winter 

drilling season (December through January).5 However, there 

are some shortcomings with the spraying technique. From field 

experience, spraying is effective only when air temperature is in 

the range of -w·c and approximatelY -32·c. At air tempera

tures wanner than -2o•c, water droplets generally fail to nucle

ate ice during their flight and thus, cannot take advantage of any 

conversion of water into ice prior to reaching the ice island 

surface. In this case, spraying is not much more effective than 

surface flooding. At air temperatures less than -32·c, most of 

the droplet is converted to ice during flight This is undesirable 

since the frozen droplets do not produce a solid ice layer; the ice 

lacks cohesiveness and will have poor strength characteristics. 

Another atmospheric limitation for spraying is windspeed and 

direction. Above windspeeds of 8 m/s, water droplets will be 

convected too far downstream of the desired landing area and 

spraying must be halted. 5 Furthennore, if windspeeds are less 

than 8 m/s, but wind direction changes frequently, then spray 

nozzle location must also be changed, resulting in lost time. 

With spraying, approximately 50% of available construction 

time can be lost due to unfavorable weather conditions.5 
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Research continues on the development of surface flooding 

with an ice-water slurry as an alternative to spraying. Crushed 

ice is harvested from an area near the proposed site and is mixed 

with seawater. The seawater is used as a binding agent when it 

freezes, resulting in a solid mass of ice with good strength 

characteristics. Ice thickening rates are increased substantially 

because a large fraction (up to 60% by volume) of the flooded 

layer is ice and the amount of latent heat to be dissipated is 

reduced considerably. Most importantly, this proposed method 

is not nearly as limited by atmospheric conditions as spraying. 

Thus, more total construction time is available for producing 

ice. The most efficient method for harvesting and delivering the 

ice-water slurry is part of an ongoing field test; however, as part 

of initial studies, a series of laboratory tests were carried out in 

a cold room to measure the freezing of ice-water slurries of 

various ice fractions. Results are presented for the time variation 

of the freezing front and analysis of the data is based on a simple 

one-dimensional heat conduction model. 

To highlight the effect of atmospheric conditions on avail

able construction time, meteorological data has been analyzed 

for two different sites along the Beaufort Sea coast. The analysis 

gives the average fraction of total construction time (assumed to 

be the months of December and January) as well as the mini

mum and maximum fraction. It is shown that at both sites there 

is considerable difference between the minimum and maximum 

fractions of total construction time. Thus, depending on the 

particular year, spraying may not always be an effective method 

for enhancing ice island thickening rates. 

LABORATORYRESULTSANDANALYS~ 

The freezing of an ice-water mixture has been investigated 

numerically and experimentally. The amount of ice in the mix

ture is characterized by the ice fraction, Tl. defined as the ratio of 

ice volume to total volume of the mixture. In the following 

calculations, it is assumed that the ice fraction is constant with 

depth in the flooded layer. Laboratory experiments have shown 

that this assumption was justified for an ice fraction greater than 

approximately 30%. At ice fractions less than 30%, the differ

ence between the densities of ice and water causes ice to rise to 

the top of the mixture, leaving ice-free water near the bottom. 

To some extent, this critical value of ice fraction depends on ice 

particle size, shape and depth of flooded layer. It is assumed that 

the mixture is composed of fresh water and ice made from fresh 
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water, as this was the situation investigated in the cold room 

tests. Tests with seawater mixtures are part of ongoing work. 

Two analytical cases have been considered. In the first, 

freezing of the layer is driven by the ice temperature near the 

surface of the flooded layer and in the second, by the air tem

perature. The first case is simpler than the second because the 
unknown surface heat transfer coefficient is eliminated. This 

simplified model is based on equating the steady-state heat flux 

through the ice layer to the latent heat release at the interface. 

Thermal conductivity of the ice layer, k, is used as a fitting 

parameter when the experimental results are analyzed. In the 

analysis, the specific heat capacity of the ice has been neglected 

because the Stefan number is small. Equating the steady-state 

heat conduction from the fusion interface to the latent heat 

release from the fusion interface yields: 

To-Tt dzo 
k =l(l-TI)P-

z0-zt dt 
(1) 

The latent heat of fusion is modified by the ice fraction due 

to the initial ice presence. It is this displacement of water by ice 

which results in enhanced ice thickening rates over that of 

ice-free water. It has been assumed that at t = 0, the fusion 

interface is located at z1 = 0.5 centimeters (em), just below the 

surface of the flooded layer. Assuming that the ice fraction is 

constant with depth and integrating Eq. 1, the fusion interface 

position is: 

Zo = Z} + 2k 'tJ 
1(1-TI)P o 

(To- Tt) dt (2) 

It should be noted that, although Tl is assumed to be constant, 

Eq. 1 can still be analytically solved ifTI is a simple function of 

the depth, z. 

The time variation of the fusion interface position given by 

Eq. 2 was used to analyze measurements conducted in a cold 

room. Although details of the apparatus have been described 

previously,6 a brief description of the experiment is presented. 

As shown in Figure 1, a 5-centimeter (em) thick layer of an 

ice-water mixture was spread out in a shallow, 50-cm square 

container, heavily insulated on the bottom and lateral edges. A 

vertical array of five thermocouples monitored the temperature 

at 1 em spacing within the ice layer, starting at 0.5 em below the 

surface of the ice layer. Each test began by preparing an ice-
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water mixture of known ice fraction. Crushed ice was prepared 

from ice cubes in a hand operated grinder. Although no attempt 

was made to measure ice particle size distribution, the crushed 

ice was composed of particles that were less than 1 millimeter. 

During preparation of the mixtures, some of the particles would 

Cold Room 

12.7 mm closed cell 

rubber foam for 

lateral expansion of 

ice layer 

.------1:>- to data 

acquisition 

system 

form larger clumps, resulting in some degree of inhomogeneity. 

The tray with the ice-water mixture was then placed in a cold 

room kept at approximately -33·c. The temperature at each 

location remained constant (at the freezing point of o·q until 

the fusion interface reached that particular thermocouple; there-

after, the temperature decreased steadily toward the air 
temperature. Each test was carried out until the entire 

layer had solidified; at this point, all recorded tempera

tures were less than -1o•c. Tests were carried out for 

ice fractions of 30%, 40%, 50%, and 60%. A typical 

temperature-time variation is shown in Figure 2 for a 

mixture with an ice fraction of 30%. The variation in 

position of the fusion interface with time was obtained 
from these measurements by estimating the time at 

Type T thermocouples 
which the temperature began to decrease from o·c for 

each thermocouple location. At most thermocouple lo

cations, the temperature-time trace showed a distinct 

change in slope when the fusion interface reached the 

thermocouple; the time at which the interface reached 

that position was taken as the point when the change in 

slope occurred. The results are shown by the data points 

in Figure 2 for the four ice fractions tested, along with 

results for ice-free water. 6 
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These results were obtained by using 

the measured temperature, T 1located 

at z1 = 0.5 em below the surface. The 

analytical results are not perfectly 

smooth curves because temperature 

T 1 did fluctuate somewhat due to the 

defrost cycles of the cold room, as 

can be seen in Figure 2. Different 

values of ice thermal conductivity 

were used in Eq. 2. For 0% ice frac

tion, the standard value of 2.1 Watts 

per meter-Kelvin (W/m-K) was used 

giving good agreement between 

measured and results from Eq. 2; in 

this case Eq. 2 give a direct predic

tion of the experimental results. For 

freezing of ice-water mixtures, it was 
found that a value of 1.58 W/m-K for 
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the thermal conductivity of the frozen ice-water mixture gave 

the best agreement between measured and analytical results for 

the interface depth-time variation. It is possible that the thermal 

conductivity of frozen ice-water mixtures may be different than 

that of ice produced by freezing ice-free water, but this would 

have to be confirmed by separate measurements. 

For a given ice fraction, the speed of the fusion interface 

decreases with time due to the increasing thermal resistance of 

the overlying ice layer. A fit of the experimental results for 

varying ice fractions (using a single modified value of ice ther

mal conductivity) suggests that the ice fractions were uniform 

over the depth of the flooded layer. The results clearly show that 

the time required to completely freeze a flooded layer of given 

thickness decreases in direct proportion to the amount of ice in 

the mixture. Thus, for ice island construction, ice-water mix

tures with the highest ice fractions need to be used to take full 

advantage of this method. It should be noted that for most 

granular media (where particles are approximately spherical), 

the maximum solids fraction is about 60%. 

The simple heat conduction model was modified by incorpo

rating a convective resistance at the surface of the ice layer. In 

this case, the air temperature is the driving parameter. As be

fore, the heat balance at the fusion interfaces relates the heat 

flux to the growth rate of the interface: 

22' 

To- TA dz0 
-~-=---Zo::..:. = l ( 1 -Tt) p -d-t 
-+-h k 

(3) 

Equation 3 was integrated, assuming that at t = 0, the inter

face is located at z1 and the ice fraction is constant with depth: 

k 
Zo = -- + 

h (
k )2 2k 'tJ 
h+z1 +i{l-'Jl)p 

0
(To-TA)dt {4) 

The predicted changes in interface location are shown in 

Figure 4 along with the same experimental data as shown in 

Figure 3. The predicted results are shown for two values of the 

heat transfer coefficient, 10 W/m2-K and 11 W/m2-K. This 

range of values is characteristic of the experimental conditions 

existing in the cold room.6 The previously determined value of 

thermal conductivity for the ice-water mixtures was used in the 

predictions. The agreement between experimental results and 

model predictions is reasonably good. The slight discrepancies 

could be related to several factors. Location of the thermocou

ples may not be exactly at the assumed positions. Slight upward 

expansion of the ice layer ~ it froze may have contributed to 

this error, although care was taken to minimize upward expan

sion.6 Values of thermal conductivity and the convective heat 

transfer coefficient may vary slightly with time. During the 

tests, it was not noticed that a layer of frost formed on the ice 

surface and this may affect the heat transfer coefficient In 

addition, heat loss at the ice surface is by sublimation and 

thermal radiation as well convective loss and these fluxes are 

not proportional to the surface/air temperature difference. As 

mentioned previously, sensible heat of the ice was also ne

glected in Eq. 3. 

COMPARISON OF CONSTRUCTION METHODS 

In this section, we present a summary of a recent compari

sons of different ice island construction techniques 1: surface 

flooding with water, spraying, and flooding with an ice-water 

mixture (11; 60% ). From this summary, it will be shown that for 

spraying, there is a specific air temperature/windspeed opera

tional window, within which spraying is an effective method for 

enhancing ice thickening rates. Given these atmospheric con

straints, meteorological data from two Beaufort Sea area sites 

are presented, with estimates of the percentage of total time 

when spraying could take place. 
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The effect of air temperature on ice thickening rates is sum

marized in Figure 57
; results for water flooding (Tl = 0% ), 

spraying with two different droplet flight times, and flooding 

with an ice-water mixture (Tl = 60%) mined from an area near 

the work site are presented for a constant wirtdspeed of 3.5 m/s. 

Other values of Tl can be drawn in Figure 5 in direct proportion 

to the values ofT) shown (0% and 60%). Between o·c (zero ice 

thickening rate for all three methods) and -2o·c, spraying 

shows very little enhancement over water flooding. At air tem

peratures above -2o·c, small water droplets, generally, do not 

nucleate ice during their flight. Ice is formed in the droplets only 

when they impact with the ice island surface where the sensible 

heat associated with droplet supercooling is converted to latent 

heat with a small fraction of ice appearing. Below -2o·c, drop

let nucleation takes place and further conversion of water to ice 

occurs during flight because there is a substantial temperature 

difference between droplet and air. The discontinuity in the 

curves for spraying at -2o·c is an artifact because it was as

sumed that nucleation occurs exactly at. this temperature; in 

reality, there would be a continuous curve in this region since 

nucleation occurs over a wide range of temperatures. Below 

-2o·c, spraying enhances growth rates significantly over water 

flooding; however, at approxima~ly -32•c spraying becomes 

ineffective because almost all of the droplet is converted to ice 
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during flight. On impact with the ice island surface, there is little 

water left to bind the droplets together to form a cohesive mass 

of ice and spraying must be halted. Figure 5 shows that over the 

entire range of sub-freezing temperatures considered, flooding 

with a 60% ice-water mixture gave ice thickening rates signifi

cantly larger than spraying. Variations in windspeed also pose 

limitations on spraying. Field experience in ice island construc

tions has shown that at windspeeds greater than 8 m/s, spray 

droplets are convected too far away from the target zone and 

consequently, spraying must be halted. With the ice-water 

flooding technique, no such limitation should exist, although 

under extreme wind conditions any outdoor operation may be 

limited. Another factor that restricts spraying operations is 

changing wind directions. Under these conditions, spray noz

zles must be repositioned to direct the spray onto the target 

zone, leading to some lost time. Recent field experiences indi

cated that 6% of the total construction time was lost due to 

moving of equipment, although it was not clear whether this 

was due to changing wind direction or other reasons. With the 

limited time available for construction, this 6% downtime can 

be important. 

Given these atmospheric constraints, meteorological data 

(supplied by the Atmospheric Environment Service, Environ

ment Canada) for the primary construction period of December 
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and January was analyzed for two sites in the vicinity of the 

Beaufort Sea. Data from the following two weather stations 

were analyzed; Komakuk Beach, Yukon Territories (69"35'N, 

140"11 'W, 14 meters above sea level); and Sachs Harbour, 

Northwest Territories (71"59'N, 125"17'W, 86 meters above 

sea level). Data on air temperature and windspeed were divided 

into the following groups: 

1. TA;;:: -20"C, UA ~ 8 m/s 

2. TA;;:: -20"C, UA > 8 m/s 

3. -20"C > TA;;:: -32"C, UA ~ 8 m/s 

4. -20"C > T A;;:: -32"C, UA > 8 m/s 

5. TA < -32"C, UA ~ 8 m/s 

6. TA < -32"C, UA > 8 m/s 

Weather data for December and January between 1973 and 

1988 at Komakuk Beach were sorted into the six groups. Meas

urements were taken four times a day at 0:00, 6:00, 12:00, and 

18:00 Greenwich Time; a total of 31 months were sorted. The 

frequency of occurrence of air temperatures and windspeeds in 

each of the groups was calculated. The average air temperature 

and windspeed over the data recorded were -24 ·c and 6.4 m/s 

respectively, and average frequency of occurrence is shown in 

Figure 6a. Conditions suitable for spraying (group 3) occurred 

only 31.1% of the time in the two month period considered. 

However, there is a considerable variation from this average 

value. The most favorable month for spraying was December 

1987 when group 3 conditions existed 64.5% of the time 

(Fig. 6b). The worst month for spraying was January, 1981 

when favorable spraying conditions existed only 4.8% of the 

time (Fig. 6c ). Actual temperatures and windspeed for these two 

extreme months are shown in Figure 6d. The frequency of 

occurrence of wind versus direction is shown in Figure 6e. In 

this area of the Beaufort Sea, the wind blew predominant! y from 

the East (90") and West (270") and consequently, the amount of 

downtime for moving equipment should be small. 

A similar analysis was carried out for Sachs Harbour for 

December and January between 1955 and 1985. A total of 

61 months of data were sorted. The average air temperature and 

windspeed were -28.5"C and 5.5 m/s respectively, and average 

frequency of occurrence is shown in Figure 7a. Conditions 

suitable for spraying occurred, on average, 43.1% of the total 

time; however, the statistics for the best month (December 

1971), shown in Figures 7b and 7c, respectively, again indicate 
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that there is a large variation in percentage of favorable spraying 

time for the extreme periods. Statistics for wind direction are 

shown in Figure 7e. Unlike the previous site, there was no 

strongly dominant wind direction, which indicates that down

time associated with moving of equipment might be greater. 

CONCLUSIONS 

The time required for construction of thick ice platforms can 

be substantially reduced by flooding the surface with ice-water 

mixtures of high ice fraction. Experimental measurements on 

the freezing of such layers showed that the reduction in time 

required to complete the freezing process is directly related to 

the amount of ice initially present in the mixture. Ice in the 

mixture reduces the amount of latent heat to be dissipated to the 

atmosphere, and thus reduces the time to freeze the layer. For a 

wide range of sub-freezing air temperatures, flooding with ice

water mixtures yields inherent ice thickening rates substantially 

higher than ice flooding or spraying. Over the entire construc

tion period, ice-water flooding yields even higher thickening 

rates as compared to spraying because spraying is confmed to 

air temperatures between -20"C and -32"C, and windspeeds less 

than 8 m/s. Meteorological data from two sites in the vicinity of 

the Beaufort Sea indicate that favorable spraying conditions, on 

average, occurred 30% to 40% of the time. However, in the 

extreme cases, favorable conditions occurred from a minimum 

of5% to 8% to a maximum of65% to73% of the available time. 

Ice-water flooding is not nearly as limited by atmospheric con

ditions as spraying and overall; it yields higher ice thickening 

rates. 

Currently, cold room tests are continuing, using mixtures of 

seawater and ice grown from seawater. Both components of the 

mixture contain salts which can affect the solidification of the 

flooded layer. Also, field tests are underway to determine the 

best method for harvesting ice, mixing it with water and deliv

ering this mixture to the ice surface. Initial field tests were 

carried out on methods of producing large quantities of crushed 

ice. A "mixer'' was used in these tests, which is a large tractor 

with a rototiller type attachment at the rear. This machine pro

duced a fine grained crushed ice (<1 millimeter diameter grains) 

which was very uniform in size and well suited for producing 

the desired ice-water mixtures. Further tests are being planned 

to investigate methods for mixing the ice and water, and deliv

ering it to the ice layer. 
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ABSTRACT 

This paper describes a ground refrigeration system utilizing 

a passive radiator incorporated into the design of a vehicle

maintenance shop during the ftrst stages of construction on the 

North Slope of Alaska. The initial foundation design was based 
on a soils report that predicted thaw-stable, permafrost soils. A 

permafrost soil is one that remains below 32 •p over several 

summer and winter cycles. Upon thawing, the thaw consolida

tion of these soils ranges somewhere between two extremes: 

from very little for low-moisture gravels (thaw stable) to sub

stantial for floe-grained, high-moisture soils (thaw unstable). 

When thaw unstable soils were encountered during the foun

dation excavation, the design had to be modified in a manner 

that would not only minimally affect the construction contract, 

but also result in a structurally stable building foundation. The 

design utilized available materials to construct an innovative 

system that is easy to maintain, efficient to operate and has 

proved to be effective since its construction in 1980. 

INTRODUCTION 

The geography of Alaska, as an arctic region, shows it to be 

replete with areas of permafrost. In vast parts of the state, the 

terrain remains frozen even during summer, except for the sur

face active layer, which thaws in summer and freezes in winter; 

however, the permafrost regime never heats up above the 32•p 

isotherm, and its depth can range from a few feet to 2,000 feet 

(ft) below the ground surface. 

Permafrost is unique in its behavior as a foundation for 

structures. As long as it remains frozen, it has very good load

bearing capabilities, but is totally non-uniform in terms of set

tlement after thawing. A nonfrost-susceptible (NFS) ftll, such as 

well-drained sand, is only an artificial material. In nature, typi-
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cal permafrost is prone to differential movement and loses its 

capacity to hold the weight of building foundations if allowed to 

thaw. Thus, it becomes necessary to either remove permafrost 

materials prior to construction or to build in such a manner that 

the thaw bulb is confined to NFS materials. 

A frequent solution is to build on piles, thereby preventing 

heat transfer into the permafrost. The use of passive thermal 

piles which reject heat into the atmosphere is also possible when 

a narrow road or building is involved. 

HISTORY 

The Sag River Highway Maintenance Camp, constructed to 

provide an operating base for road maintenance activities, is 

situated approximately 75 miles south of Prudhoe Bay on the 

Dalton Highway, and provides road access to the largest oil 

fteld in North America. The building design utilized a soils 

investigation performed by a rotary-hammer air drill that had 

resulted in incorrect interpretations of the physical properties of 

the in situ soils, especially the soils' moisture content. The 

design was based on the expectation of encountering frozen 

soils with minor thaw consolidations. The anticipated minor 

settlement would not significantly affect the usability or struc

tural integrity of the facility when it was erected on the frozen 

soils. The design utilized precast concrete grade beams and 

floor slab elements constructed in a plant environment with 

enforceable quality control requirements. It also provided for 

the floor system elements to be supported on steel posts bearing 

on precaSt concrete pads. If minor differential settlement oc

curred, correction could be performed by selectively jacking the 

floor system and adjusting the length of the support posts. 

When the initial foundation excavation by the contractor 

indicated that the underlying soils were extremely thaw unsta

ble, a decision had to be made to either modify the design or 

terminate the construction contract If the original plans had 

been followed, the structure would have been subject to great 

damage due to thawing permafrost A refrigeration system was 
designed allowing the contractor to proceed with the contract 

with minimal disruption to his schedule. Since the North Slope 

THE NORTHERN ENGINEER, VOL. 23, NO. 2&3 



construction season is very short, the changes had 

to be incorpomted immediately to prevent delays 

and result in a system that would work for the life 

of the facility. 

DESIGN CRITERION 

Based on the access requirement of heavy road

way maintenance vehicles, the maintenance shop 

had to be built with the floor level at grade. Due to 

the depth of the permafrost, excavation and sub

sequent backfill with NFS materials would have 

been impractical and exorbitantly expensive. Since 

FlNISHED CRAOE 

12'" ~RAVEL 

~~~;,~~~~~~~~~ 4' NSULATION 
;].- • -- 5" SAND 

~ NATURAL SOIL (F'ROZEN) ~ 

GLYCOL REF'RIC. LOOPS 
J/4" a 0 24" 0 C. 

24" GRAVEL 

there were large overhead garage doors on each Figunl. Underfloor 'ection. 

side for vehicle drive-through, passive thermal 

pipes were not considered. The building, since it was on grade, 

could not be elevated on piles as this would destroy its function

ality. By process of elimination, it was decided to design a 

refrigemtion system to remove heat below the foundation. 

An interdisciplinary team of structural, architectural and me

chanical professionals determined that an insulated cmwl space 

with adjustable piers for columns would be used. Figure 1 

shows a cross section of the construction with 4-inch (in) thick, 

high-density, styrofoam insulation above the refrigeration 

pipes, which were embedded in sand for protection and im

proved heat transfer. 1ben, 12 in of fine gravel completed the 

ground cover with a 2ft high cmwl space. A 23 •F chilled glycol 

solution would be circulated to tmnsfer the heat away from 

under the foundation. 

The total equivalent R-value of the materials above there

frigemted pipe was calculated to be 20.22. Based on a tempem

ture differential between the 70"F floor and 2s·F permafrost, 

the heat gain per unit area was calculated to be 2.08 Btu/h•ft2. 

For a 9,600 ft2 shop building, the total load was calculated to be 

19,941 Btu/h. 

MECHANICAL DESIGN 

After the physical layout was fixed, the calculations relating 

to heat gain, heat loss pick-up, pipe diameter, pipe spacing, etc., 

were straightforward applications. Economic considemtions, 

opemting parameters, and reliability were subjective issues and 

were harder to quantify. 
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Figure 2 shows a schematic of the refrigemtion system circu

lating the 23 •F chilled glycol. Figure 3 shows the under-floor 

piping layout: % in pipes on 24 in centers were laid in a uniform 

grid embedded in a 6 in sandbed under the insulation. Each of 

the 60 bmnch lines had a shut-off valve to isolate it from the 

distribution header in case of future leaks. 

Weather data for the North Slope of Alaska indicated that an 

exterior mdiator could be used to reject heat. The design tem

pemture for winter is -60•F with more than 20,000 degree-days 

annually. The mean annual tempemture is 8"F, with a mean 

maximum tempemture of -8"F in January. Again, this was a 

perfect condition, since 20•F was selected to be the tempemture 

of the chilled glycol. The avemge winter tempemture for an 

eight-month period is only 5"F. Another factor that allowed use 
of a passive mdiator was the local wind condition-a mean 

wind velocity of 10.4 knots with only a 14% calm period. 

During the summer, the mean maximum tempemture is only 

45•F, yet this would be too high for the permafrost, which needs 

to be refrigemted at 32 •F or lower. Consequently, a chiller unit 

had to be included in the system for the relatively "warm" 

ambient tempemtures during the four-month summer. 

PASSIVE RADIATOR 

The passive mdiator solution permitted three advantages 

during the annual building opemting cycle: 

1. During low winter ambient tempemtures, routinely 

below o·F, the passive mdiator worked effi-
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3. During the summer months, when outside tempera

tures average 45•F, the chiller unit was to oper-

ate as needed. 

For the passive radiator, local fabrication was neces

sary to expedite procurement and not delay the con
struction. A design relying on 3 in diameter steel pipe 

was selected (since it was the configuration available in 

stock) with 6 in O.D. fins, five fins per inch, made of 

0.049 in thick steel. 

The heat transfer is governed by the empirical for

mula derived from Equation 53 in the 1989 Fundamen

tals (pg. 3.17): 

where 

Q = heat transfer, Btu/h: 

c1> = surface efficiency: 

h = surface coefficient, empirically derived 

= 0.69 + 1.23 (V)0
·
42 based on the velocity, 

V,inmph: 

A = surface area of fins, ft2: 

AT = temperature difference, •p: and 

OAT = outdoor air temperature, •p . 

~~E~--2--,-n-.• --~-+,o---.z·'"'"• --~+-s-,_-,,-.z·-.d).l-~-,-'"'",tm'""•·,-,2)f-:,.~.~_,~ 

The radiator finally selected was a 12-row configu

ration with each tube 70-in long and a finned surface 

area of 885 ft2. The radiator capacity had to be in

creased by 1,500 Btu/h to account for the heat gain from 

the circulating pump (1 hp, 60% efficient). 

Figure3. 
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~· 
Underj'Wor refrigeration piping. 

ciently, allowing super-cooling of the pennafrost; 

2. At an average temperature of 8 •p, the design bal

anced heat gain from the crawl space with heat 

transferred by the radiator, assuming 5 mile per 

hour winds. The only energy input was the 

pump energy, approximately 1 horsepower (hp) 

due to the head losses; and 

INSTRUMENTATION 

The use of accurate thennistors for monitoring ground tem

peratures is well established The entire Trans-Alaska Pipeline 

has thennistors embedded in the ground to monitor pennafrost 

conditions. Usually, an array ofthennistors, extending horizon

tally and vertically, is laid out to give a three-dimensional pro

file. Even though a large number of wires are tenninated into a 

box above ground, a single ohmmeter can read all thennistors. 

Hence, the unit cost is very economical, especially since ther

mistor sensors only cost approximately $20.00 each. The opera-
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TABLE 1. RADIATOR PERFORMANCE AS INSTALLED 

Fluid Wind Q, 
OAT Temp. Velocity h Btu/h 

8 23 12 4.18 19,950 

8 23 5 3.11 16,770 

5 28 12 4.18 31,530 

5 28 5 3.11 25,711 

5 28 1 1.92 16,826 

tor simply uses a multiple-switch assembly to read the entire 

array and converts the resistances into temperatures using a 

reference chart. 

At the Sag River Maintenance Camp, the thennistor array 

was installed at one end of the building. The arrangement is 

shown in Figure 4. 

The accurate monitoring made possible with thermistors al

lowed the operator to conftrm system operation. The instrumen

tation made it easy to validate calculations and verify the 

temperature proflle. Since heat gain from the crawl space is a 

slow process, hindered by insulation, a certain amount of lag 

time is always available after a failure of the refrigeration sys

tem. The thawing or freeze-back of permafrost is also a slow 

process, due to the poor conductivity of soils; thus, fine, instan

taneous control is not necessary and the use of the chiller can be 

minimized to those periods when absolutely essential. Electri

cal energy costs are upward from 45 cents per kiloWatt 

hour (kWh) in rural Alaska and savings in power consumption 

can accumulate rapidly. 

INSTALLATION 

The cost of the radiator, piping and installation was esti

mated to be $15,000; the under-floor piping grid was estimated 

to be $35,000, or $5/ft2; and the low-temperature liquid chiller, 

2-ton capacity, was purchased for $12,500 (materials only). 

The energy savings from the passive radiator were approxi

mately 10 kW /h, which was the avoided chiller electrical con

sumption with a 7 hp compressor, 1 hp condenser fan, and a 

% hp bypass circulator. The full load draw for this air-cooled, 

low-temperature liquid chiller was 41.4 amps at 200 V. In both 

cases, the system's pumping energy was close to the same, 

whether using the radiator or the chiller. For a six-month period, 

the electrical savings from not running the chiller amounted to 
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$19,700. This computes to a theoretical simple payback of less 

than six months based on the incremental cost of the $15,000 

passive radiator. 

Since the camp's electrical power is obtained from on-site 

diesel generators, these savings are not actually accrued in prac

tice. However, the chiller provides a load during periods when 

camp loads are low to prevent the generators running in an 

under-loaded state. 

A chilled-glycol supply-and-return line was also installed 

under the concrete utilidor that enclosed the utility lines; the 

various utility pipes were for cold water, heating, fire protec

tion, sewer, and compressed air. The isothenns and the heat 

flow are shown in Figure 5 for this application. 

OPERATION 

The Sag River Maintenance Camp was completed in 1980. 

For at least three years, accurate flies and maintenance records 

were kept. The pennafrost under the crawl space was main

tained below 32•F with no problems. 

OPERATING CONCERNS 

Refrigerated foundation systems such as this function very 

well, and engineers have the capability of designing them so 
that the desired results are achieved. Typically, the design engi

neers are not involved with the long-term operation of systems 

such as this and, if problems occur, solutions can be difficult 

and expensive. Refrigerated foundation systems are analogous 

to a flywheel in that there is a lot of stored energy in frozen 

ground. If there is a mechanical breakdown or system ineffi

ciency that is not corrected in a timely manner, the ground heats 

and the "flywheel" slows. Since these systems are designed for 

steady-state conditions, they do not have the capability of ex

tracting heat gains caused by failures or inefficiencies. It ap

pears to be typical that state-operated building systems receive 

low priority for regular maintenance, especially in remote parts 

of Alaska. If the system fails, it takes a long time for the ground 

temperatures to heat sufficiently to allow settlement damage to 

manifest itself and alert the occupants that something is awry. 

Thus, no matter how well a system is designed initially, unless 

maintained properly, the system will not function satisfactorily 

over an extended period. 
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on this and a similar system revealed that 
monitoring the thermistor strings and perform
ing preventive maintenance have not been 

done on a regular basis. The Sag River and 
another state highway maintenance camp were 

designed to take advantage of cold ambient 
temperatures, which mandates that the systems 

be in optimal operating order whenever tem

peratures are low. The design of this system 
asswned that regularly scheduled preventive 

maintenance would be performed by knowl

edgeable maintenance personnel. This was a 

bad assumption! Due to the facility's remote-

Figure4. 

FigureS. 

Thermistor :string loyouL 

UTll!OOR TEMPERATURES 
WIN TIER 

u ~,LIDOR ,..E~P•RA TURES 
SUMA.OER 

Summer and winter utilidor ll!mperatiUYI:s. 

Systems such as this typically use glycol-based fluids, which 
are corrosive. These fluids are subject to temperatures in the 
-3o·p range, and glycol concentration must be maintained to 

prevent ice-crystal formation in the fluid. Pumps are susceptible 

to increased wear when subjected to rust or ice particles, which 
will result in decreased system performance and impeller corro

sion. Operation can be optimized by keeping the system design 
and its controls as simple as practical. System trouble alarms 
should be well thought out, along with a means to easily verify 
flow rates and test fluid density. 

The Sag River Shop's refrigeration system relies on thermis

tor strings, fluid thermometers, systematic preventive mainte
nance, and visual observation for verification of proper 

functioning. Recent conversations with maintenance personnel 
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ness and its inhospitable environment, personnel 
turnover was high and maintenance was not always 

properly performed. Personnel are now on a rotat

ing two-weeks on, two-weeks off schedule at the 

Sag River Camp, which has improved personnel 

retention. Preventive maintenance is currently a 

high priority, and the system has operated satisfac
torily with a low level of maintenance due to the 

design's simplicity and its responsiveness to the 
cold environment. 

I. Oll..SPll..L 

During 1983, a malfunctioning float switch 

caused an oil spill from an underground tank at the 

southeast corner of the building. The oil spill did 

not raise as much concern from pollution aspects as 
it did from foundation damage. The rigid styrofoam insulation 
was dissolved by the oil and, as a consequence, consolidation of 

the building structure began to occur. Initially, the footing jacks 

were used to level the structure. It was also obvious that the heat 

transfer into the soil would increase without the insulation bar

rier. In turn, the latter effect would thaw the frost-susceptible 

permafrost, compounding settlement of the structure. 

SECOND EMERGENCY REFRIGERATION SYSTEM 

Three years after the successful repair of the foundation 

problem, engineers were recalled to the site. The oil spill re

quired that the dissolved insulation be replaced and the capacity 

of the refrigeration system be increased to stop any excess heat 
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migration into the permafrost The following remedial measures 

were part of this emergency work: 
1. Added insulation in the crawl space above the gravel to re

place the dissolved thermal barrier. 

2. A second remote radiator was added to the system to dou
ble the passive refrigeration capacity. 

3. Another chiller was installed to increase the capability of 
refrigeration during high ambient temperatures and to 

accelerate the freeze-back of permafrost 

4. More thermistors were added to monitor ground tempera

tures where the oil spill was greatest 

5. Pumps were replaced to pennit higher flows, and 
balancing valves were retrofitted on existing and new 

pipe loops. 

UPDATE 

In general, the passive and active refrigeration has performed 

its job. The permafrost is intact and the structure has no settle
ment; thus, the goals of the design have been achieved. Even 
after the damage due to the underground oil spill, the permafrost 
has been stabilized, and no degradation or settlement of the 

structure has been observed in the ten years of total operation. 
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Telecommunications in Rural Alaska 
Part 2 · 'fransmission Systems 1 

by 

Whitham D. Reeve, P.E. 

INTRODUCTION 

Part 1 of this series provided an overview of the telecommu

nications network in Alaska and described the characteristics of 

small rural central offices.[!] Central offices are located in each 

community and are the hubs of the local hub and spoke (star) 

network where each subscriber is a node. From a statewide 

perspective, each of these central offices is a node on a larger 

star network where the hubs are toll centers. Toll centers form 

the basis for the long distance network. Local and long distance 

networks are illustrated in Figure 1. 

Transmission facilities connect the hubs and nodes, and 

carry voice and data calls from one place to another. At the local 

level, individual subscribers, and their terminal equipment, are 

connected to the central office by subscriber loops. Similarly, 

central offices are connected to toll centers with trunk transmis

sion facilities. These are called the exchange access and interex

change access portions, respectively, as shown in Figure 1. 

Part 2 emphasizes the subscriber loop, or exchange access, 

because it is the most variable and ubiquitous part of the overall 

network. It is this variability around which terminal equipment 

and subscriber loop interfaces must be carefully designed. Also, 

the subscriber loop directly affects service quality on all calls 

(long distance and local). 

Trunk transmission facilities are also very important in any 

network, because they carry high call volumes and serve a large 

number of different subscribers at any given time. Therefore, 

any problems due to poor design or maintenance will be felt on 

a much larger scale than with individual subscriber loops. Such 

problems can cascade through statewide or nationwide net

works. 

I will discuss trunk transmission facilities to the extent nec

essary to show how they are applied and how they limit the 

overall usefulness and service quality of the public switched 

telephone network in Alaska. 

NOMENCLATURE 

bps .............. bits per second GHz .................... gigahertz 

kbps ..... kilobits per second ldiz .................. kilo :Hhertz 

Mbps Megabits per second MHz .................. megahertz 

dB ......................... decibels mH .................... millihenry 

Hz .............................. hertz mA .................. milliampere 

dBm .............. decibels with respect to one milliwatt reference 

TRANSMISSION AND SIGNALING 

The basic purpose of a transmission facility is to ''produce, 

transport and deliver a quality signal" from one caller to an

other? To accomplish this, a transmission facility must: 

• convert, transcode (encode and decode) or translate sig

nals from one format to another (described in the next 

section); 

• carry call setup information from a caller wishing to use 

the network to the switching systems used in the call; 

• carry voice or data information or messages between the 

originating and terminating caller; and 

• carry call takedown information to the switching sys

tems used in the call after one or both callers disconnect 

What is meant by a "quality signal" is obviously subjective. 

Based on work by: 

1 Some of the technical information for this article was taken from a magazine article [1] and two books [3,4] by the author and is used 
with permission of the respective copyright owners. 

2 This is the basic "Transmission Problem" as described by Freeman in [2]. 
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• American National Standards Institute, 

• Institute of Electrical and Electronics Engineers, 

• International Telegraph and Telephone Consultative 

Committee, 

• Bell Communications Research, 

• Rural Electrification Administration, 

• Electronic Industries Association, 

• AT&T, 

and others, the qualitative aspects of telecommunications have 

been defined by industry standards in tenns of signal and noise 

levels, bandwidth and various distortions. 3 The intent of these 

standards·is to ensure infonnation (the message) is transmitted 

from one caller to another without undue distortion or error as 

perceived by the caller. 

When viewed from a local network perspective, the overrid

ing quality problems in transmission are related to electromag

netic compatibility and interference. Electromagnetic 

interference (EMI) manifests itself in the form of transmission 

impainnents and degraded transmission quality. Familiar EMI 

problems are rerlio and powerline interference. These impair

ments can affect telecommunication systems in a variety of 

ways, such as making a voice conversation difficult or impossi

ble to understand, or corrupting the transmission of digital data, 

causing the loss of digital system synchronization and increas

ing the error rate of these systems above acceptable levels.[3] 

In addition to caller infonnation content or messages, it is 

apparent that control signaling is an integral part of any trans

mission facility. Signaling is the means by which the various 

network supervisory states and addresses are conveyed to the 

switching systems. Examples of such supervisory states are 

on-hook (idle), off-hook (busy), ringing, address digit transmis

sion and detection, and hook-switch flash. 

In the above discussion, callers are generically identified as 

anyone wishing to make a call, implying human intervention. 

However, the human element is not always necessary; for exam

ple, computer systems can be programmed to automatically call 

another computer system at some particular time to transfer data 

files. Most modem data communications equipment and soft

ware systems are able to detect transmission errors and can 

make limited decisions as to transmission quality according to 

predefined error criteria (discussed later). Of course, humans 

are able to detect poor transmission quality but their perceptions 

of that quality are highly subjective. 

It is widely known that human voice transmissions are toler

able, or at least understandable, even with a low signal-to-noise 

ratio (analog transmission) or high error rate (digital transmis

sion) that would otherwise render data transmissions totally 

unusable. For example, a data transmission bit error rate (BER) 

of 10-5 (one bit error in 100,000 bits transmitted) is considered 

unacceptable. The same error rate with pulse code modulation 

(PCM) voice transmission is acceptable. In many cases, such 

voice transmissions are still usable at a BER of 1 o-3• 

3 See Appendix A for a brief description of each organization and how to obtain their publications. 
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TRANSMISSION FORMATS [3] 

Telecommunication systems carry two basic types of traffic: 

voice and data. These can be further broken down into their 

native and encoded formats as shown in Table 1. 

Native voice signals are analog voltages produced by an 

electro-acoustical device such as a microphone in a telephone 

set. These analog signals can be converted to digitally encoded 

signals by an analog-to-digital converter in a multiplexer and 

transmitted as baseband bipolar voltage pulses. This is identi

fied as the Encoded Digital Format in Table 1. The encoding 

rates presently used in Alaska are 32 kbps and 64 kbps. As 

technology improves in the future, encoding rates of 16 kbps 

and less will become common. 

Similarly, but in an opposite sense, data transmissions can 

take place in their native digital format (for example, baseband 

bipolar voltage pulses) or as encoded analog signals. Analog 

modems are used to convert the native digital signals from 

customer Data Terminal Equipment (DTE) to analog tones in 

the voiceband for transmission. The conversion from digital to 

analog in this case is done by using the digital signals to modu

late a carrier frequency. A variety of modulation methods are 

used, such as Frequency Shift Keying (FSK) in low speed 

modems and Phase Shift Keying (PSK) and its variants in 

higher speed modems. 

Analog and digital signals in their native formats are not 

mixed on a given channel because it is neither convenient nor 

advisable to do so. This does not mean digitally encoded voice 

signals and native digital data signals, or analog voice and 

analog data signals cannot be mixed because they are in many 

situations. An example is data over voice (DOV) systems in 

which a voice call and data call can be made simultaneously 

over a single cable pair. Equipment is available to do this in 

either a digital or analog format 

Most rural systems exclusively use the native analog format 

for loop transmission. However, systems in some larger com

munities use digital loop carrier (DLC) to serve remote or high 

density areas. Such systems use a line rate of 1.544 Mbps, 

which includes twenty-four 64 kbps channels plus 8 kbps for 

timing and synchronization (and in some cases, network con-

4 See Appendix B ·for a brief discussion of these systems. 
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TABLE 1. BASIC TRANSMISSION FORMATS 

Voice 

Native Analog Format 

Encoded Digital Format 

Data 

Native Digital Format 

Encoded Analog Format 

trol). Integrated Services Digital Network (ISDN), Digital Data 

System (DDS) and Fractional T1 (FT1) are common digital 

transmission services in highly populated areas but have not yet 

found application in rural Alaska. 4 

TRANSMISSION MEDIA 

A variety of transmission mediums are used in Alaska: 

• metallic twisted pair cable (copper), 

• coaxial cable, 

• fiber optic cable (both singlemode and multimode), 

• point-to-point terrestrial microwave radio (2GHz 

through 23 GHz), 

• point-to-multipoint Basic Exchange Telecommuni

caions Radio Service (BE'IRS) radio (150 MHz through 

160 MHz, 450 MHz through 460 MHz and 800 MHz 

through 900 MHz), and 

• satellite microwave radio (4/6 GHz and 12!14 GHz). 

The telecommunication system in any particular community 

may use at least two of these mediums and some use all. For 

example, a typical rural community uses twisted pair cable for 

subscriber loops. Twisted pair cable also will be used for trunk 

transmission from the central office to a small satellite earth 
station (SES). Between this earth station ·and a gateway earth 

station (GES) satellite radio will be used. Finally, the interex

change access part between the GES and the toll center will use 

coaxial cable, fiber optic cable, or terrestrial radio. This combi

nation is shown in Figure 2. 

·A larger community, such as Anchorage, may use twisted 

pair and fiber optic cable in the subscriber loop, and twisted 

pair, coaxial and fiber optic cables, and terrestrial and satellite 

radio for interexchange access. Optical fiber is finding a place 

in the rural loop plant. At this time, however, it is not widely 
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Twisted Pair Cable -<->-
Terrestrial Microwave Radio 

OR 
Fiber Optic Cable 

OR 

Fipn2. 

deployed except in the more populated areas (Dillingham, for 

example). 

Transmission systems have been specifically optimized for 

each media type. For example, the simple loop current supervi

sion, dial pulse and tone signaling schemes used <>Al regular 

subscriber loops were originally designed for twisted pair cable. 

A fiber optic transmission system uses specific wavelengths and 

transmission modes for each type of optical fiber. The modula

tion methods used with terrestrial radio systems have been 

optimized for bandwidth efficiency and noise performance. 

In addition to Anchorage and Fairbanks, several rural Alas
kan communities are served by interexchange access digital 

transmission facilities as shown in Tables 2, 3 and 4 (some 

locations may be vendor-Alascom or Gel-specific). Tariff 

or network restrictions notwithstanding, bandwidth is available 

in these locations in multiples of 64 kbps. 

A recent development in subscriber loop transmission is the 

Basic Exchange Telecommunications Radio Service (BETRS). 

BETRS consists of a radio base station and one or more distrib

uted subscriber radio terminals in a point-to-multipoint configu

ration as shown in Figure 3. BETRS is licensed under 4 7 CPR 

Part 22, Subpart H (Rural Radio Service) of the Federal Com

munications Commission Rules and Regulations. These sys

tems allow a relatively small number of radio frequency pairs to 

be used to serve a relatively large number of subscribers. For 

example, one such system (Rockwell CXR-424) uses six fre

quency pairs (six transmit and six receive) in the 450 MHz band 

to serve 24 subscribers on a demand basis. BETRS replaces the 

old point-to-point VHF rural radios that required a frequency 

pair for each subscriber. 
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TABLE 2. LOCATION OF DIGITAL EARTH STATIONS 

•Barrow 

• Cordova 

• Galena 

• Kodiak 

•Nome 

• Unalaska 

• Anchorage 

• Bethel 

• Dillingham 

• King Salmon 

• Kotzebue 

• Prudhoe Bay 

• Valdez 

• Fairbanks 

TABLE 3. LOCATION OF DIGITAL RADIO 1ERMINALS 

• Soldotna 

•Tok 

• Glennallen 

• Kenai 

• Fairbanks 

• Juneau 

• Skagway 

• Haines 

• Delta 

• Anchorage 

TABLE 4. LOCATION OF FIBER OPTIC TERMINALS 

• Seward • Moose Pass 

• Whittier • Eagle River 

• Anchorage 

BETRS is primarily designed for low density, rural areas 

where it is not economical to install twisted pair cables to 

widely dispersed subscribers. Although FCC regulations spe
cifically restrict BETRS to fixed subscriber use (e.g., a fixed 

installation in a ho~e), waivers have been obtained to use the 

subscriber terminals in vehicles such as boats and automobiles. 

A number of BETRS systems made by several different manu

facturers and using a variety of technologies, including analog 

and digital, have been installed in Alaska. 

BASIC TRANSMISSION REQUIREMENTS [4] 

Any transmission system must have an adequate signal level 

so the caller at the receiving end can properly detect and decode 

the message. At the same time, the noise level on the transmis

sion channel must be low enough to not interfere with the 

signal. The channel bandwidth must be high enough so none of 

the significant energy content of the message is lost through 

filtering. Finally, distortion must be low enough that themes

sage is not altered in an unacceptable way. All paran1eters are 

rated on user satisfaction, which can be human perception of 
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Figure3. 
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Basic exchange ratJjo telecommunications senice (BETRS) 
conceptuallllyout. 

voice quality or quantitatively measured digital error perform
ance. 

Voice signal levels in transmission systems are related to 

talker volume and the acoustica1/electrical conversion effi

ciency of the terminal equipment at both ends. The average 

talker output level at the telephone set is in the neighborhood of 

-16 VU (Volume Units). The optimum receive level, from a 

subscriber satisfaction standpoint, is -28 VU, implying an over

al112 dB circuit loss. 

In terms of decibels, the average long term conversational 

voice level in public telecommunication systems as measured at 

the central office is -27 dBmO (dBm with respect to the Zero 

Transmission Level Point) with a standard deviation of 5 dB. 

This means 90% of all calls will range between -19 dBmO and 

-35 dBmO. The Equivalent Peak Level (EPL), which is the 

level below which approximately 95% of instantaneous talker 

5 See [1] for a brief discussion ofTLP; more detail can be found in (4]. 
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power will fall, is -12 dBmO with a 5 dB standard deviation. 

Telecommunication systems traditionally have been designed to 

accommodate talker power levels with a 40 dB dynamic range. 

Not all calls carry voice signals (although the very large 

majority do in rural Alaska); many carry data signals. With 

some exceptions, data communication is made by analog mo

dems whereby the digital data signal modulates an analog car

rier produced by the modem. The composite signal is band 

limited and transmitted on a standard voice channel. 

Dial-up data modem signals are limited by regulation to 

-9 dBm at the input to a loop, which is a 0 transmission level 

point, 1LP, (-9 dBm0).5 The actual measured level can vary 

from -9 dBm to -12 dBm over any three-second interval at the 

modem output. Modems used in private line service can have 

an output as high as 0 dBm. At the other end of the call, the 

modem received signal level can be as low as -43 dBm due to 

transmission channel losses. This level is adequate except in the 

presence of excessive circuit and impulse noise. 

With local calls, comprised of two subscriber loops con
nected in tandem by the central office switching system as 

shown in Figure 4, the end-to-end loss can be as high as 16 dB 

to 20 dB depending on the engineering policies of the telephone 

company. Additional losses are encountered in long distance 

calls depending on the country and mix of analog and digital 

facilities. The interexchange access parts of national and inter

national telecommunication networks are coordinated to the 

extent that the total loss on almost all calls will be acceptable. 

However, the overall design is done on a statistical basis, which 

allows a small percentage of calls to be unacceptable. 

Table 5 shows data from studies of loops in the continental 

U.S. and estimated data for rural Alaska. Estimates are given for 

Alaska because no comparable loop statistical data is available. 

As shown, the average rural loop is probably around 0.6 dB 

because most rural Alaskan communities are very compact 

(subscribers are located close to the central office). The isolated 

subscriber is not economical to serve, which automatically ex

cludes such situations from affecting the average loss. It is 

reasonable to conclude that the average listener levels on local 

calls in Alaska are approximately 6 dB higher than in the conti

nental U.S. Higher levels do not necessarily mean better service. 
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~ot~~~er some conditions maximum loop Joss may be extend~d to 10 dB. 
2. The c.o. insertion loss shown is worsecase. Loss is typ1cally 0.0 dB. 

Figure4. Local end-to-end conuction. 

TABLE 5. LOOP STATISTICS 

System 

Bell (CONUS)[5]* 

REA (CONUS)[6] 

Rural Alaska (estimated) 

Loss@ 
1 kHz{dB) 

3.5 
3.9 

0.6 

* CONUS = CONtinental United States 

Distance 
(miles) 

2.0 

3.9 

0.3 

Studies have shown that the optimum loss is 3 dB to 4 dB for 

each loop from a subscriber satisfaction standpoint.[?] 

As would be expected, individual subscribers in some com

munities fall outside this general short loop categorization. A 

typical situation is a military base located near a rural commu

nity. These bases are usually several miles away, and loops 

serving them may have losses greater than 10 dB: beyond ac

ceptable limits. As an example, this situation exists for the 

Minimally Attended Radar site near Kotzebue, in which case 
voice frequency repeaters are prescribed as loop treatment An

other example occurs in Dillingham where several subscribers 

live along the 22 mile road connecting Dillingham with 

Aleknagik. Analog subscriber and digital loop carriers systems 

are used for transmission in this case (such systems are dis

cussed later). Perhaps 

transmission requirements for subscriber loops. These values 

do not apply to interexchange access circuits, which are dis

cussed later. 

Circuit noise is the distortion that appears across the two 

conductors (tip and ring) of a loop and is heard by the caller. 

Other terms, such as message circuit noise, noise metallic and 

differential noise, are also used to describe the same thing. 

Circuit noise originates from atmospheric phenomenon, random 

thermal motion of electrons, wet cables or faulty mechanical 

cable splices. The most common source of interference on sub

scriber loops comes from powerlines. This is especially true in 

rural areas where power and telecommunication lines parallel 

each other for long distances, and grounding and bonding are 

poor or nonexistent. 

The total noise power on a loop is related to the noise 

bandwidth. Since particular frequencies affect the various tele

communication services (voice, data, radio and TV studio mate

rial, etc.) differently, "weighting" curves hav~ been designed to 

restrict the frequency response of noise test sets with which 

objective tests are made. The following weighting functions 

have been developed for routine telecommunications noise test-

ing: 

• C-Message, 

• 3kHz Flat, 

• Program (8kHz), 

• 15kHz Flat, 

• 50 kilobit . 

The most common weighting curves are C-message and 

3 kHz Flat, and only these will be described in this article. 

C-message weighting is primarily used to measure noise affect

ing voice transmission, but it also is used to evaluate noise on 

data circuits. It weights the various frequencies in the voiceband 

10% of rural communities TABLE 6. SUBSCRIBER LOOP TRANSMISSION OBJECTIVES 
in Alaska have similar 

situations. 

Noise and circuit loss 

are intertwined in that the 

characteristics of any cir

cuit are not defmed unless 

both are specified. Table 

6 summarizes the basic 

Transmission Circuit Circuit Power Circuit Circuit Loss 
Quality Noise Noise Influence Balance @1kHz 

Units dBmC dBm3kHz dBmC dB dB 

Acceptable ~20* ~0 ~80 ~ ~8 

Marginal 20--30 40-60 80-90 50-60 8--10 

Unacceptable >30 >60 >90 <50 >10 

*Circuit noise of 26 dBmC (decibels with respect to reference noise, C-message weighting) 

on long rural loops is considered acceptable. 
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according to their perceived annoyance such that frequencies 

below 600Hz and above 3,000 Hz have less importance. 

The 3kHz Flat weighting curve is used on voice circuits, too, 

but all frequencies within the 3,000 Hz band carry equal impor

tance. This filter approximates the response of common mo

dems. It is generally used to investigate problems caused by 

power induction at lower power harmonic frequencies or by 

higher interfering frequencies. Noise frequencies at the upper 

end of the band can affect data transmission as well as voice 

frequency signaling equipment 

Power influence is the noise measured from tip and ring to 

ground. Power influence is important because it describes the 

magnitude of longitudinal noise voltage on the loop. Such volt

ages are converted to differential noise voltages by circuit un

balances, which are inherent to some degree on all circuits. The 

differential noise voltage, or circuit noise, is heard as a hum or 

other interfering signal. 

The maximum acceptable power influence is 80 dBrnC 

(decibels with respect to reference noise, C-message weight

ing). When measurements exceed this value, additional tests 

should be made with 3 kHz Flat weighting to determine if the 

measurement point is safe. A measured value exceeding 126 

dBrn 3kHz Flat usually means the lower powerline harmonic 

frequencies exceed 50 volts, which is considered unsafe. In 

addition to the safety issue, high values of power influence can 

cause terminal equipment upset or faulty operation. Measure

ments made with the 3 kHz Flat filter will always exceed C

message filter readings due to the higher effective bandwidth of 

the former. 

Balance js a measure of the symmetry of the twisted pair 

with respect to ground. It can be calculated from: 

Circuit Balance (dB)= 

Power Influence (dBrnC)- Circuit Noise (dBrnC). 

The validity of this expression has been established for al

most all practical applications where power influence is at least 

60 dBrnC. A high value of balance is necessary to: 

• Limit the magnitude of powerline harmonics that are 

converted to circuit noise in terminal equipment, and 

• Limit unbalanced longitudinal currents in cable pairs 

that may cause crosstalk in adjacent circuits. 
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In voice communications, small amounts of circuit noise 

may be most noticeable during speech pauses while relatively 

large noise levels may not be noticed at all during speech 

activity. It is the interfering effect of noise rather than signal-to

noise ratio (SNR) that is important in this case. Notwithstand

ing this apparent downplay of SNR importance on voice calls, a 

30 dB SNR is considered adequate. With data circuits using 

analog modems, the signal level is set high enough to provide 

the necessary SNR at the data receiver. In this case, the SNR is 

generally in the range of 15 dB to 20 dB but is highly dependent 

on the modulation and coding methods used in the modem. 

It is widely known that long distance analog transmission 

systems have decreasing noise performance with increased cir

cuit length. Typical noise objectives for analog interexchange 

access terrestrial transmission systems classified as short-haul 

(less than 250 Miles) start at 28 dBrnC and increase 3 dB per 

double distance to 34 dBrnC at 250 Miles. Long haul circuits 

(greater than 250 Miles) start at 28 dBrnC and increase 3 dB per 

double distance to 40 dBrnC at 4000 Miles.[8) 

The maximum circuit noise on satellite channels using ana
log transmission is specified as 44 dBrnC.[9] Landline exten

sions of satellite circuits will add noise. In this case, the noise 

limit for the landline is added to the noise on the satellite 

channel on a power basis to obtain the overall circuit value. 

Circuit noise on transmission facilities using digital carrier 

(e.g., digital loop carrier) do not show the length dependence 

noted above; however, error rates do. In this case, a typical noise 

specification is 27 dBrnC for all distances.[10] Noise on inter

exchange access transmission systems is the controlling factor 

of an overall connection that includes subscriber loops at each 

end. All values noted above are referenced to the 0 1LP. 

On digital transmission systems, noise manifests itself as 

errors. When a high error rate occurs on a digital channel, it is 

usually caused by a high error rate at a particular location, such 

as a multiplexer or repeater. Therefore, the error rate objectives 

for an end-to-end digital channel are designed to limit the prob

ability that the error rate for any part of the overall channel will 

exceed the objective. The end-to-end error rate objective for 

digital channels used in the public switched network is 10-6 on 

95% of all connections. This is generally interpreted to require 

at least 10-7 error rate for any part of the connection. 

Error rate is used in the foregoing discussion to describe 

digital transmission system performance. Errors tend to occur in 
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bursts. Therefore, from a practical stand

point, error rate is somewhat difficult to 

measure on systems carrying live traffic 

and then to put into meaningful terms be

cause the measurement interval and time 

of measurement will greatly affect the 

outcome. More meaningful performance 

TABLE 7. 1.544 MBPS DIGITAL CIRCUIT PERFORMANCE CIRCUIT LENGTH 

1,000 MILES [11] 

Link 

Exchange Access 

lnterexchange Access 

End-to-End 

parameters are e"ored seconds (ES), percent error free sec

onds (%EFS) and severely errored seconds (SES). These pa

rameters are measured over a 24 hour period. Interim industry 

standards for a 1.544 Mbps digital circuit are shown in Table 7. 

The exchange access (subscriber loop) portion of a digital chan

nel is allocated 96% of the errored seconds per day and the 

interexchange access portion is allocated 4%. 

Voicegrade telecommunication circuits are generally consid

ered to use a band of frequencies between 300Hz and 3,400 Hz, 

which is a bandwidth of 3,100 Hz. This is a commonly ac

cepted but, nevertheless, approximate value. Other bandwidths 

are available depending on the facility and application. For 

example, twisted pair cables are used successfully for radio and 

television studio circuits with a bandwidth up to 15 kHz. Such 

wideband audio circuits are commonly carried on satellite chan

nels but are more costly than regular voicegrade circuits. 

When circuits have digital connectivity, bandwidth is not 

stated in Hertz. Instead, bandwidth is stated in tenns of data 

rate, bits per second. The actual bandwidth, in Hz, depends on 

the coding scheme used. Digital transmission systems are read

ily available for digital data and voice transmission at hundreds 

of Megabits and higher. In Alaska, a variety of technologies are 
used including digital earth stations, digital terrestrial radio 

systems and fiber optic transmission systems as previously dis

cussed. 

Distortion is any undesired change in a signal. Distortion 

may be caused by a nonlinear relationship between input and 

output of a circuit, oonunifonn impedance or transmission lev

els at different frequencies, or a nonlinear relationship between 

phase shift and frequency. For example, attenuation distortion is 

a measure of the loss variation versus frequency across a circuit 

When the rate of change of phase shift with frequency is not 

constant, the circuit will cause envelope delay distortion. Dis

tortions such as these can be a problem in long distance trans

mission systems, but are rarely a problem at the rural exchange 

level, especially in compact rural systems. 
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ES/Day %EFS/Day SES/Day 

1,080 98.75 4 

605 99.30 50 

2,765 96.80 58 

· When distortion is excessive, various transmission anoma

lies result For example, voice reception may have adequate 

level but the voice may sound "hollow," like the talker is "in a 

barrel" or there may be excessive echo (impedance distortion). 

Other characteristics of distortion are degraded voice quality or 

intelligibility (attenuation distortion) or "ringing" and "speech 

blurring" (envelope delay distortion). With data transmission, 

such distortions manifest themselves in the fonn of errors. 

TRUNK TRANSMISSION AND SIGNALING 

Almost all rural telecommunication systems are connected to 

a satellite earth station. The basic attributes of such interfaces 

are standardized in some fonn, but the details vary widely from 

central office to central office. As pointed out in Part 1, there 

are a number of different central office types and vintages in 

Alaska. Each one will use a trunk interface based on the 

owner's (or engineer's) personal preference or some other basic 

limitation encountered when the system is purchased or in

stalled. Typically, trunks will use either Type I or Type II E&M 

signaling. In many situations, DX signaling is used to extend 

the range of the E&M leads. Loop/reverse battery is used in 

limited cases. 

The digital telecommunications network in the United States 

is based on a fixed loss plan whereby each toll connecting trunk 

is designed to provide 3 dB of loss as measured from a reference 

point in the toll center to the subscriber line circuit in the central 

office. A long distance call from one central office to another 

will encounter two such trunks giving a total loss of 6 dB as 

illustrated in Figure 5. All values shown are based on a 1 kHz, 

0 dBm test tone. It is the intent of the fixed loss plan that the 

loss be inserted at the receiving end of the circuit by a digital 

pad or attenuator in the central office. 

Many switching systems do not have internal padding capa

bility, so the loss is inserted on the central office end of the long 

distance transmission system receive circuit These external 

pads must account for the cross-office (insertion) loss inherent 
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FigureS. Transmission le11els for a long distance caU. 

to the switching system, which is shown in Table 8 for various 

generic types. 

Figure 6 shows several of the possible interface levels that 

may be encountered with switching systems in rural Alaska. 

All values are based on a 0 dBm test tone. It is seen from this 

figure that there are as many pad settings as there are central 

office types and interfaces. This obviates generalizations and 

requires specific knowledge of central office configurations, 

trunk types and, in some cases, software version. There has 

been more than one cutover where improper interface design 

coordination has led to "panic and cutback." 

In the previous discussion, considerable attention has been 

given to the circuit loss at 1 kHz.6 While this parameter is very 

important, it does not give a true picture of the circuit's overall 

TABLE 8. CENTRAL OFFICE SWITCHING SYSTEM 

INSERTION LOSS 

Type 

Digital 

Analog (Electromechanical) 

Analog (Diode Matrix) 

Loss Range 

O.Oto0.5 dB 

0.5 to 1.0 dB 

1.0 to2.5 dB 

c ... t,.l 
Ollie• 

characteristics. The minimum tests usu

ally made on voicegrade interexchange 

access transmission circuits are 

• loss at 1kHz, 

• slope, and 

• C-notched noise. 

The loss at 1 kHz already has been 

discussed. This measurement forms the 

basis for the other tests. Slope is the meas

ure of circuit loss at 404 Hz and 2,804 Hz 

with respect to 1 kHz (this is commonly 

called the "three tone slope''). The loss at 

404 Hz is subtracted from the loss at 

1 kHz to give the low-frequency slope, 

and from 2,804 Hz to give the high-fre

quency slope. Typical slope values vary 

from 0.5 dB to 12.0 dB depending on the 

type of circuit The exchange access part 

of a circuit (subscriber loop) contributes very little to the overall 

value (typically less than 3.0 dB). Slope is primarily controlled 

by the filters used in voice frequency transmission equipment 

Private line voicegrade circuits can be provided that have a 

slope within 0.5 dB limits. 

C-notched noise is a measurement taken on virtually all 

interexchange access transmission systems used for voice traf

fic, but it primarily applies to analog systems. Such systems use 

companding to improve the signal-to-noise ratio throughout the 

dynamic range of talker levels. The C-notched noise test injects 

a 1kHz tone at the transmit end (-10 dBmO to -16 dBmO), w~ch 

is filtered out at the receive end. The C-message noise level is 

then measured to determine if the carrier transmission equip-

ment "noises up" with live signals. 

As previously mentioned, satellite earth stations are the pri

mary means by which rural central offices are connected to the 

long distance network. Since all signals are transmitted from 

this earth station to a geostationary satellite and back down to 

another earth station, the signals are delayed by the propagation 

time. This delay is approximately 265 milliseconds from one 

earth station to another (through the satellite), and the distance 

6 Loss measurements are actually made at 1,004 Hz for technical reasons. 
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Term. Central travelled is about 49,000 miles (24,500 miles up and ... Ottroe 

·1.0 dim Redcom 
24,500 miles down). A complete round trip requires 

... 2-Wire MDX-384 more than one-half second, and the signal travels 
• Trunk Interface 

0.0 dim about 98,000 miles. People not accustomed to talk-

ing on satellite circuits have some difficulty adjusting 
Contul to the delay . ••• Oil lee 

-5.1 

T ~ The negative conversational effects of echo are " 0.1 
·1.0 dim Redcom · 11.1 

~X ... 4-Wire ·o TLP" 
increased by delay. Because of impedance mismatch Trunk Interface MDX-384 

11.1 • 
K o.o 0.0 dim problems, echo is inevitable on any circuit that con-T ~ -0.1 

verts a 2-wire loop to a 4-wire transmission path. For 
Central ... Office many years, all satellite circuits used echo suppres-•1.5 

T ~ 
• 0.1 

·1.0 dim Red com sors to counteract the effects of delayed echo. Within ... 
~X ... 4·Wire "•7/·18 TLP" 

MDX-384 Trunk Interface the last several years, interexchange access in Alaska 0.0 0 • K 0.1 K o.o dllll 
T ~ 

T has been improved significantly with echo cancellers, •tl.l 

Cantral 
which greatly reduce the ''push-to-talk" operational 

Oltlco 

aspect and clipping inherent to echo suppressors. D ~ I • 1.0 L 

Redcom Double satellite hops normally are avoided in tele-
~X 

I ·1.0 dim DS-1 "Direct Digital" H 
01·1 ·~ Interlace with Digital MDX-384 Earth Station communication networks because of the inherent 0 • (ooltware V9 and later) 

T 0.1 K 0.0 diM 

• ~ 
T 

one-second roundtrip delay. Besides making voice K 

Control conversation difficult, many modems are unable to Office 

•1.0 dim DS-1 "Direct Digital" 
cope with the delay and data· throughput is greatly 

... Interface with Digital Redcom reduced. However, the very nature of the telecommu-Earth Station MDX-384 • (Prior to ooltware V9) 
0.0 dim [Note 2] nication network in Alaska makes double hops com-

(Note I] (Nota I} monplace, especially in the rural areas. 
Conlral 

An example will illustrate the point: The village of Off leo 

·1.0 dim DS·1 Redcom 
Manokotak is approximately 18 air miles west of ... "Direct Digital" 

MDX-384 Dillingham in southcentral Alaska. The community 
c • Interlace with Analog 

Earth Station K o.o dllll of interest is high, which means there is significant T 

(Note I) telephone traffic between the two places. A telephone 
Central 

call from Manokotak to Dillingham is routed as Otflco 

I ~ 
G 4.0• L 

DS-1 "Direct Digital" Northern shown in Figure 7. In this particular case the total I 1.0 I -1.0 dim 

08·1 ~x =~ 
Interlace with Digital Telecom one-way distance travelled is 98,287 miles, even Earth Station 

0 • [Nolo 4] DMS-10 T o.l K o.o dim • ~ 
T though these communities are only 18 miles apart. K 

Control Each call between Manokotak and Dillingham will Oftloo 

-1.0 dim DS-1 Northern 
use a double satellite hop. A signal from Manokotak ... "Direct Digital" 

Telecom to Dillingham takes about 0.527 seconds and the re-Interlace with Analogi • Earth Station DMS-10 0.0 dim [Note 4] ply takes another 0.527 seconds for a total roundtrip 

[Nolo I) delay of 1.054 second 
Central 
Oftloo 

- I ~ NETWORK INTERFACE DEVICE 
G t.o L Stromberg-I I ·t.O dim 

DS-1 "Direct Digital" 
08·1 ~x :~ Interlace with Digital Carlson A network interface device (NID) is located at the 0 • Earth Station DCO T o.z K o.o dim 

" ~ T subscriber's premises as shown in Figure 8. The NID K 

Figrue6. Celllral office int.l[ace levels. ( conlillrud to nut page). 
provides protection, grounding, a point for mainte-
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(1) These interface diagrams apply to any central office type with appropriate 
adjustments to pad values to compensate for central office insertion loss. Pad 
values shown assume the facility loss between the earth station and central 
office is 0 dB. H this is not the case, adjustments must be made in pad values. 

(2) Software versions earlier than V9 do not have digital pad capability, so 
external means are required to attenuate the receive signal to the proper value. 
H the toll interface is a digital earth station, back-to-back channel banks and 
analog channel units will be needed to set the receive level. 

(3) Otannel units in multiplexer are standard +7/-161LP. 

(4) DMS-10 line circuit has inherent 2 dB loss, so a 4 dB digital pad 
value is specified for the toll trunks. 

Figure6. Central o!Jice interface krels ( continru~d). 

nance testing, and a demarcation point between subscriber 

premises wiring and equipment, and the public network. Pro

tection and grounding are required by the National Electrical 

Code (Article 800); the testing point is usually a tariff require

ment, and the demarcation point is required by FCC Rules and 

Regulations (47 CFR Part 68). Standard plugs and jacks used at 

network interfaces will be described in Part 3 of this series. 
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SUBSCRIDER LOOPS 

All public switched telecommunication interfaces used in 

rural Alaska, such as subscriber loops, are 2-wire (one twisted 

cable pair). Private line interfaces are usually 4-wire (two 

twisted cable pairs) to improve transmission quality and provide 

more flexibility in meeting a wide variety of technical require

ments. Subscriber loops can carry analog or digital signals, but 

the majority of loops in rural Alaska carry analog signals. Both 

types will be described in this section. 

A simple loop is shown in Figure 9a. More complex loops 

using digital loop carrier and analog subscriber carrier are 

shown in Figures 9b and 9c, respectively. Carrier systems are 

frequently used to increase the efficiency of the loop plant 
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by allowing a large number of subscribers to 

share a small number of cable pairs. 

Analog subscriber carrier systems can 

either be distributed or grouped as shown in 

Figure 10. With the distributed system, an in

dividual remote subscriber channel unit is lo

cated at each subscriber, and thus distributed 

along the particular cable route serving those 

subscribers. In the grouped system, channel 

units in multiples of six or eight are collocated 

in one remote housing. The distributed system 

is generally used along long, sparsely popu

lated rural routes while the grouped system is 

used to serve apartment buildings or small ru

ral subdivisions. 

Most analog carrier systems use frequency 

division multiplexing with amplitude modula

tion (AM), single sideband (SSB) modulation 

or a combination of the two. Each voice chan

nel requires 4,000 Hz of bandwidth (3,100 Hz 

voiceband plus 900 Hz guard band), so the 

carriers are separated by 8 kHz to account for 

the symmetrical properties of AM transmis

sion. The modulated carriers can be as high as 

144kHz (or higher in some older systems). 

Analog repeaters (wideband amplifiers), 

spaced about 3 miles apart (depending on ca

ble type and conductor gauge) are used to ex

tend the range of these systems. 

Digital loop carrier systems find wide ap

plication in serving subdivisions and clusters 

of remote subscribers, apartment complexes, 

shopping malls, areas of unexpected growth, 

and emergency restoration of damaged facili

ties. In rural Alaska the main applications are . 

clusters of remote subscribers and areas of un

expected growth. 

The typical digital loop carrier system 

(commonly called T-carrier) operates at 

1.544 Mbps and requires digital repeaters (sig

nal regenerators) approximately every mile 

(actual spacing depends on type of cable and 

conductor gauge). Either concentrated or non-
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Such a system provides a concentration ratio of almost 10:1 as 
shown in Figure lla. Channels are assigned to callers on a 

demand basis but only for the duration of the call. Low traffic 

areas can be served quite efficiently in the concentrated mode. 

In the nonconcentrated mode, each subscriber is preassigned 

a channel on the span line and is dedicated to it as shown in 

Figure 11 b. There are advantages to this mode in very high 

traffic areas. DLC terminals using the nonconcentrated mode 

are inherently less expensive than systems with concentration 

capabilities but more span lines are required. As is the case with 

most telecommunication decisions, the choice of modes, and 

equipment, is based 'on engineering analysis of current and 

future requirements. 
To provide redundancy in the transmission link, a minimum 

of two span lines is usually provided between the remote and 

central office terminals even though the second line is not 

needed on a traffic basis. In this case, the second line is a spare 

(also called protection span). It is normal practice to provide 
1:N sparing, where one spare (protection) span line is provided 

to protect N active lines. In typical systems, N varies from 1 to 

14. For example, systems requiring very high reliability will 
have 1: 1 protection; that is, each active span line will have a 

r-----:::---:-----------------------:c~:-:-~~:-:-.".'::-, ---T-, dedicated spare. In other applications, 

Figurell. 

Digital 
Repeater 

Span Lines 1 - S 

Concentration Ratio • N/{2-4 X Sl 

Note: In Concentrated mode, N > (S X 24) 

(a) Concentrated Mode 

Digital 
Repeater 

Span Linea 1 - 5 

Note: In Nonconcentrated mode, N • {S X 24) 

(b) Nonconcentrated Mode 

Digital loop carrier model of operation. 

concentrated modes are used. In the concentrated mode, the 
DLC remote is connected to more subscribers than there are 

channels in the transmission link, called a span line. For exam
ple, one system currently available can serve 256 subscribers 

with as little as one span line of 24 channels to the central office. 
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active span lines. 

The length of the span lines will in

fluence the choice of protection. For ex
ample, a system requiring two span lines 

over a distance of 2 miles in a benign 
urban environment may not be equipped 

with any protection capability. A similar 

application over a distance of 20 miles in 

a rural environment may be equipped 

with 1:2 protection to account for the 
much larger number of span line repeat
ers and damage exposure in a potentially 

hostile environment. 
The digital loop carrier can be con

nected to the central office either with an integrated DLC 

(IDLC) terminal or external C.O. terminal. With IDLC, the 

connections are made on a direct digital basis at the DS 1 line 
rate (1.544 Mbps). Two types of direct digital interfaces usually 
are available-an interface proprietary to the C.O. manufacturer 

THE NORTHERN ENGINEER, VOL. 23, NO. 2&3 



and one standardized according to BELLCORE requirements? 

The former is usually customized and has a more advanced 

feature set 

When an external C.O. tenninal is used, analog-to-digital 

and digital-to-analog conversion is needed in the central office, 

so the interface to the C.O. is on an analog basis. This interface 

is not very efficient in terms of line circuit hardware use and as 

such is usually twice as expensive as a direct digital interface. 

However, when the DLC remote tenninal is not fully compat

ible with the central office integrated tenninal, this interface 

method is the only one available. 

SUBSCRffiER LOOP TRANSMISSION DESIGN [4] 

The intent of subscriber loop design is to provide satisfactory 

transmission and signaling while taking into account the eco-

nomics of the situation. To achieve this, the design is based on 

several factors: 

• overall area to be served (exchange area), 

• types of services to be provided, 

• quantity of each service type, 

• location, 

• growth, 

• central office signaling and transmission limitations, 

• applicable loop technologies, 

• comparative economics, and 

• strategy for application of suitable technologies. 

Elements of telecommunications infrastructures have 15 to 

35 year lives (or more). Therefore, even in the smallest commu

nity, quantifying each item requires careful analysis because a 

prediction must be made of service demands over not only the 

short run but also over a very long period of time. 

Of the planning items just described, sizing of loop facilities 

is perhaps the most difficult. This is because 

• Growth and demand over long periods is difficult to 

predict; 

• 

• Loop technologies are changing and more options are 

becoming available, all of which reduce the cabling 

requirement; 

• A highly detailed knowledge is required of land use, 

demographics and area economy {this is particularly 

difficult when the federal government, such as the Bu

reau of Indian Affairs, is involved); 

• The regulatory climate can change (both state and fed

eral); and 

• The sophistication of rural telecommunications users is 

increasing and they are demanding more services and 

more advanced services. 

When detailed information is not available or cannot be 

reliably developed, the following basic sizing rules can be used 

for subscriber loops: 

• Allot the equivalent of 2 cable pairs to each living unit. 

• Allot the equivalent of 2 cable pairs to each 100 square 

feet of building space not used for living purposes. 

These two basic rules require "equivalent" cable pairs. This 

means the chosen loop technology should provide these pairs at 

the subscriber's premises and at the central office. The actual 

facility between the central office and the subscriber may not 

use metallic cable pairs. For example, DLC or a subscriber 

radio system may be used. 

Metallic loops are prevalent in rural Alaska, so the following 

will describe their design in detail. Two loop design methods 

are widely used in Alaska-resistance design and loss design. 

Both methods provide essentially the same transmission per

fonnance, and both use the transmission requirements for 

switched services and the limitations of the serving central 

office as default requirements. 

Resistance design primarily is used by the so called "non

REA" companies {that is, companies not funded by the Rural 

Electrification Administration). The following rules are used 

for resistance design: 

• Limit conductor loop resistance to 1,300 ohms maxi

mum using mixed gauges. 

7 One such integrated interface is compatible with the AT&T SLC96 DLC. The specifications for IDLC terminals can be found in [12]. 
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Figure12. Resistance design: (a) Joo·F: buried plant; (b) uo·F: aerial plant. 

• Limit the length of nonloaded loops to 18,000 feet maxi

mum (15,000 feet for 26 gauge). 

• Load all loops over 18,000 feet but less than 24,000 feeL 

• Use digital loop carrier on loops over 24,000 feeL 

Figure 12 is based on the foregoing resistance design rules. 

Since the loop resistance varies with temperature, the chart in 

Figure 12a should be used for 100•F (38.C) design temperature 

(buried applications), and Figure 12b should be used for 140•F 

(60.C) design temperature (aerial applications). 

Some companies (notably the Bell Operating Companies) 

revised the resistance design rules slightly as follows: 

• The resistance for loop conductors between 18,000 and 

24,000 feet is limited to 1,500 ohms (rather than 

1,300 ohm's). 

• H88 loading is used for loops over 18,000 feet 

(15,000 feet for 26 gauge). 

REA advocates the loss design method, which uses the fol

lowing rules: 

• Limit loop loss to 8 dB maximum at 1 kHz, 

• Limit the length of nonloaded loops to 18,000 feet maxi

mum (15,000 feet for 26 gauge), 

• Load all loops over 18,000 feet (REA prefers D66load

ing), 

• Use loop extenders and voice frequency repeaters on 

loops over 1,500 ohms conductor resistance, 
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• Use carrier derive.d loops on loops over 2,600 ohms 

conductor resistance, 

• Use 24 gauge conductors where possible within the 

above guidelines, but mixed gauges are permissible, and 

• Avoid 26 gauge conductors in loaded loops. 

Charts for 100·F (38.C) and 140·F (6o·q design tempera

tures are provided in Figure 13a and 13b, respectively. 

Two attributes not already discussed are impli~it to the de

sign rules-the requirement for two different design tempera

tures and loading. It is general industry practice that subscriber 

loops using metallic cables be designed to operate at and below 

a worse case temperature. These temperatures have been given 

for predominantly buried and predominantly aerial plant 

It is highly unlikely that soil temperatures (and consequently 

buried cable temperatures) as high as 100•F (38.C) along a 

cable route will be encountered anywhere in Alaska. On the 

other hand, aerial cable temperatures of 140•F (60.C) are con
ceivable for mid-summer in interior Alaska. Although design

ing for these temperatures would seem to be overdesign in many 

areas of Alaska, good practice requires some amount of conser

vatism, and there should be essentially no economic penalty in 

designing for the higher temperatures. 

Where it can be shown that a significant economic penalty 

does exist, the temperature requirements can be adjusted to 

account for local conditions as follows:[13] 

1. Calculate the average ambient temperature for 60 consecu

tive days during the high temperature season in the local 
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area. This information is available from the National 

Weather Service in a number of useful forms. 8 

2. Convert the ambient temperature to cable core temperature 

for different cable types: 

a Aerial cables-Add 3o•p (17.C) to the ambient 

temperature to obtain cable core temperature. 

b. Buried cables-Subtract 1o•p (6.C) from the ambient 

temperature to obtain cable core temperature. 

10 15 20 25 30 35 40 45 50 55 60 .65 70 
Loop Length (X 1000 FMQ 

c. Underground cables-Use 68"F (20.C) for cable core 

temperature. 

Table 9 shows the DC resistance and loss variation for the 

four conductor gauges at different temperatures. 

Loading is the process of adding lumped inductances to the 

twisted pair cable at predetermined fixed intervals to improve 

transmission on loops longer than 18,000 feet. The loading 

scheme is described by a simple nomenclature. For example, 

H88 loading denotes 88 mH coils spaced 6,000 feet apart. D66 
loading denotes 66 mH coils spaced 

TABLE 9. DC RESISTANCE AND 1KHZ WSS (NONLOADED CABLE) 4,500 feet apart The cable between two 

coils is called a loaded section. The first 
DC Loop Resistance (ohms/1,000 ft) 
Temperature 19AWG 22AWG 24AWG 26AWG 

55·p 15.9 31.7 50.3 81.1 
1oo·p 17.4 34.8 55.3 89.2 
14o·p 18.9 37.7 59.8 96.5 

Loss@ 1 kHz (dB/1,000 ft) 

Temperature 19AWG 22AWG 24AWG 26AWG 

55•p 0.23 0.34 0.43 0.55 
1oo·p 0.25 0.35 0.45 0.57 
14o•p 0.26 0.37 0.47 0.60 

8 The National Weather Service has local offices in most major cities in Alaska. 
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load coil from the central office is lo

cated a half-section out (called end-sec

tion), which is 3,000 feet for H88 and 

2,250 feet for 066. Loading schemes 

can be mixed, if necessary, by using im

pedance compensators at junctions. 

In addition to the transmission design 

requirements for loops, as previously de

scribed, there are some signaling limita

tions to be considered. The line circuits 

in older switching systems may have a 
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1,200 or 900 ohm loop limit. This means the total resistance of 

unconditioned loops including the terminal equipment must not 

exceed these values. All modern switching systems will func

tion with a 1,900 ohm loop, but transmission may be compro

mised. 

It is important to notice the difference between the 

1,300 ohm loop limit specified in the resistance design rules and 

the 1,900 ohm line circuit limit just mentioned. The loop limit is 

based on transmission requirements and only includes the loop 

conductor resistance. The line circuit limit is based on signaling 

requirements and includes the outside plant conductor resis

tance, premises wiring conductor resistance and terminal equip

ment DC resistance. The combination of premises wiring and 

terminal equipment is usually considered to have 430 ohms 

resistance (30 ohms premises wiring and 400 ohms terminal 

equipment). This more modern consideration differs somewhat 

from the old method of using 200 ohms as the terminal equip

ment resistance. 

For BETRS systems, the loop design criteria are somewhat 

different. The loop consists of a radio path and a drop cable and 

possibly a small amount of distribution cable. All BE1RS sys

tems require line-of-sight coverage between the base station and 

subscriber terminal. Normal radio path engineering methods 

can be used, but the engineer must be careful to account for 

multipath and reflection problems with those systems using 

digital modulation methods. Also, exact coverage limits are 
somewhat difficult to predict and are highly dependent on the 

manfacturer and technology used, as well as other factors such 

as antenna gain and path characteristics. This, coupled with the 

fact that topographical maps of rural Alaska are not highly 

detailed and, in many cases, inaccurate makes propagation cal

culations a futile exercise. In such situations there is no replace

ment for a path survey using a live transmitter and receiver 

calibrated for field strength. 

For the radio links, a fade margin of 20 dB will give 99.99% 

path reliability (assuming Raleigh distribution). It is not unusual 

to provide an additional10 dB to 15 dB margin on diffraction 

and grazing paths and paths with considerable seasonal foliage. 

Radio path engineering methods and data can be found in 

[14,15,16]. 

The signaling range in some BETRS subscribers radio termi

nals is limited to 450 ohms DC resistance. If the premises 

wiring and telephone instrument account for 430 ohms as men

tioned above, the external distribution and drop cables are lim

ited to 20 ohms. This amounts to around 330 feet of 24 A WG 

cable at 100•F (38"C). A similar situation exists for analog 

subscriber carrier systems that have a 450 ohms drop limit 

Some are limited to 1,000 ohms resistance, and some are capa

ble of signaling over the normal1,900 ohms resistance. 

CONSTRUCTION REQUIREMENTS 

Loops are designed and built to be very robust and to have 

well defined electrical characteristics. Since the majority ofloop 

plant is located outside and exposed to the weather, it is subject 

to considerable environmental abuse. Specifically, over a 25 to 

35 year period loops must: 

• Function satisfactorily throughout a wide temperature 

range (less than -so·c to above +50"C). 

• Be able to weather blowing sand, rain, snow, and sleet 

without degradation. 

• 

• 

• 

• 

• 

Be immune to corrosion and the effects of salt air (this is 

a particular requirement in coastal communities). 

Be designed and built to withstand lightning strikes (this 

is particularly true in interior Alaska, although it is not 

as bad as in some other areas of the U.S.). 

Be able to withstand attacks by chewing rodents (such 

as beavers and squirrels), insects and people (vandals).9 

Be able to withstand high mechanical forces from frost 

heaving, and ice and wind loads. 

Be able to be installed and repaired by people with very 

little or no training in telecommunications and electron-

ics, and very little test equipment. 

• Have no inherent requirements for routine maintenance. 

The above requirements represent a tall order and are not 

easily achieved without careful design and construction and 

adherence to specific standards, practices and specifications. 

In Alaska many rural telephone companies are formed as 
cooperatives and financed by the Rural Electrification Admini-

9 One of the basic tests made by manufacturers of outdoor enclosures is a shotgun blast. 
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stration (REA). The REA loan covenants require all construc

tion follow REA specifications and practices, which are readily 

available.10 REA maintains a list of approved material, every

thing from grounding hardware to complete central offices and 

transmission systems, which is updated at least quarterly.[17] 

REA specifications are not the only onet.'used in Alaska. 

Some non-REA telephone companies have adopted GTE prac

tices, and some use Bell System practices. Some use a mixture, 

and some do not use any. Many times, the specifications and 

practices used are based on the ranking engineer's personal 

preference. 

ADMINISTRATION AND TESTING 

The administration of rural transmission systems is usually a 

matter of simple recordkeeping but is nevertheless very impor

tant. For twisted pair cables, the following items are included in 

the records: 

• cable route number, 

• cable pair number, 

• central office line equipment number, 

• features or options, and 

• subscriber name and location. 

The usual paper records are encountered most often in rural 

Alaska. However, some telephone companies have sophisti

cated database programs to track each cable pair and its status 

including testing information, fault history, and pedestal or aer

ial terminal access point. Administrative records such as these 

usually are sorted to allow lookup by any field-cable pair 

number, subscriber name, line equipment, etc. 

The subscriber complaint most often encountered in the field 

is "the line doesn't work" or "can't hear." Except in cases of 

complete loop failure, which is easy to determine, many com

plaints are caused by noisy loops. Simple transmission and 

signaling tests can be made to confirm the problem. 11 

As shown in Table 6, the transmission objectives are sepa

rated into three categories-acceptable, marginal and unaccept

able. Acceptable means the loop meets the basic requirement for 

10 See Appendix A. 
11 See Appendix C for simplified loop testing procedures. 
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that test and no further action is required. Marginal means the 

loop requires some attention within a reasonable time period 

according to the administrative practices of the company pro

viding the service. Unacceptable means the loop requires imme

diate attention. 

Attention to subscriber complaints in many rural communi

ties is delayed because a technician may have to travel from the 

home office some~es several hundred miles away. Such a 

situation exists for both the local and long distance portions of 

the system. This means that a "reasonable time period" may be 

several days in some places, and, in some, it may mean weeks. 

The same holds true for the unacceptable category in which 

"immediate action" may not have the same meaning as in urban 

areas. Nevertheless, the determination of whether a loop is 

acceptable, marginal or unacceptable has to be made by the 

.technician, who usually repairs the problem on the same trip 

anyway. It is getting there to make the tests that may take 

awhile. 

CONCLUSION 

This article explored some of the technical aspects of the 

long distance and local transmission systems used in the Alaska 

telecommunications network. The requirements of the various 

transmission systems used in rural Alaska are not unusual ex

cept in the accommodation of severe environmental conditions 

and the large dependence on satellite communications for inter

exchange access. 
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APPENDIX A 
STANDARDS ORGANIZATIONS 

Institute of Electrical and Electronic Engineers (IEEE), 

Service Center, 445 Hoes Lane, Piscataway, NJ 08855-1331: 

IEEE Standards Press has published several telecommunication 

standards. A catalog is available. Of particular interest are 

• IEEE Std. 269-1983 Standard Method for Measuring 

Transmission Performance of Telephone Sets, 

• IEEE Std. 455-1985 Standard Test Procedure for Meas

uring Longitudinal Balance of Telephone Equipment 

Operating in the Voice Band, 

• IEEE Std. 661-1979 Standard Methods of Determining 

Objective Loudness Ratings of Telephone Connections, 

• IEEE Std. 743-1984 Standard Methods and Equipment 

for Measuring the Transmission Characteristics of Ana

log Voice Frequency Circuits, 

• IEEE Std. 776-1987 Guide for Inductive Coordination 

of Electric Supply and Communication Lines, 

52 

• IEEE Std. 820-1984 Telephone Loop Performance 

Characteristics. 

American National Standards Institute (ANSI), 1430 

Broadway, New York, NY 10018, Tel. (212)302-1286: ANSI 

has become very active in telecommunications since 1987 and 

has published numerous standards on digital networks and digi

tal transmission requirements. ANSI has also published a few 

standards relating to subscriber loop signaling. All ANSI tele

communication standards carry the prefix "Tl." A catalog is 

available. 

Bell Communications Research (BELLCORE), Customer 

Services, 60 New England Avenue, Piscataway, NJ 08854-

4196, Tel. (201)699-5800: The BELLCORE technical refer

ences (fR' s) are well known in the industry and cover a wide 

range of subjects from transmission performance requirements 

to hardware and equipment specifications. These publications 

primarily are written for BELLCORE client companies (the 

seven Bell Operating Companies) but have been adopted by 

many others. In addition, BELLCORE publishes a number of 

technical advisories (fA's), which are preliminary issues of 

technical references. These are available for evaluation and 

comment by anyone in the industry. TA's may be obtained 

from BELLCORE Document Registrar, 445 South Street, P.O. 

Box 1910, Morristown, NJ 07962-1910, Tel. (201)829-5027. 

A catalog is available of TR' s and TA' s. 

Electronic Industries Association (EIA), Publications 

Sales Dept, 2001 Eye Street, N.W., Washington, DC 20006, 

Tel. (202)457-4900: EIA has teamed with the Telecommunica

tions Industry Association (riA) to produce telecommunication 

standards. The EIA and EIA/fiA standards relating to telecom

munications so far have been for terminal equipment, fiber 

optics and premises wiring. Perhaps the most well known and 

most widely quoted EIA standard is the RS-232D Interface 

Between Data Terminal Equipment and Data Circuit Terminat

ing Equipment Employing Serial Binary Data Interchange. A 

catalog is available. Of particular interest are 

• EIA 455 Standard Test Procedures for Fiber Optic Fi

bers, Cables, Transducers, Connecting and Terminating 

Devices (approximately 100 standards are in this series), 

• EIA/fiA 464 Private Branch Exchange (PBX) Switch

ing Equipment for Voiceband Applications, 

• EIA-470-A Telephone Instruments with Loop Signal

ing, 
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• EIA-472 Generic Specifications for Fiber Optic Cables 

{approximately 9 standards), 

• EIA-475 Generic Specification for Fiber Optic Connec-

tors, 

• EIA-478 Multi-Line Key Telephone Systems (KTS) for 

Voiceband Application, 

• EIA-547 Network Channel Terminating Equipment for 

DS 1 Service, 

• EIA/TIA-559 Single-Mode Fiber Optic System Trans

mission Design, 

• EIA/TIA-568 Commercial Building Wiring Standard, 

• EIA/TIA-569 Commercial Building Standard for Tele

communications Pathways and Spaces, 

• EIA/TIA-570 Residential and Light Commercial Wir

ing Standard 

AT&T, Corporate Mailings, Inc., 26 Parsippany Road, 

Whippany, NJ 07981, Tel. (800)338-4038: Before divestiture 

of AT&T and the Bell Operating Companies, AT&T published 

numerous technical references (TR's). Many of these have 

been taken over by BELLCORE (discussed above). However, 

AT&T still publishes many technical documents relating to 

interexchange access transmission for their own use and others 

that interface with AT&T. A catalog is available. 

Rural Electrification Administration {REA), Administra

tive Services, Rural Electrification Administration, USDA, 

Washington, DC 20250-1500, Tel. (202)382-8279: REA pub

lishes Bulletins and a Telephone Engineering and Construction 

Manual (IE&CM), among other documents. The 1E&CM 

contains numerous sections on a wide variety of subjects of 

concern to the telecommunications engineer and technician. 

The documents are free to REA borrowers and their engineers; 

there is a nominal fee to others. REA also publishes Form 515 

outside plant construction specifications, which represent 

REA's view of construction requirements. These are very de

tailed and useful documents. Some REA documents must be 

purchased through the U.S. Government Printing Office, World 

Savings Building, 720 N. Main Street, Pueblo, CO 81003, Tel. 

(719)544-3142. 

International Telegraph and Telephone Consultative 

Committee (CCITT): In the United States, CCITT documents 

may be obtained from National Technical Information Service, 

5285 Port Royal Road, Springfield, VA 22161, Tel. (703)321-

8547. CCITT standards are updated on a regular basis, al-
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though not all parts of each fascicle are updated each time. 

Many CCITT standards historically have been written and 

adopted by European countries. Over the last several years, 

however, many U.S. companies (notably BELLCORE and 

AT&T) have actively worked on and influenced CCITT stand

ards panels. The end result will be more worldwide stand

ardization of telecommunications systems, which is not now the 

case. Some CCITT documents of interest are: 

• Volume ill Transmission Systems, 

• Volume IV Maintenance, 

• Volume V Telephone Transmission Quality, 

• Volume VI Signaling Systems, 

• Volume VIII Data Communications, 

• Volume IX Protection. 

APPENDIXB 
ISDN, DDS AND FRACTIONAL Tl 

Integrated Services Digital Network (ISDN) has long been 

considered a solution waiting for a problem probably because of 

the long time it took the telecommunications industry to pro

duce standards for its design and use. However, in many parts of 

the U.S. it is available as a regular service and is beyond the 

field-trial stage. ISDN is designed to provide end-to-end digital 

connectivity to support a wide range of services such as regular 

telephone, telex, data networks, packet switching, and wide

band data transmission. It includes voice and non-voice serv

ices, to which users have access by a limited set of standard 

multi-purpose user-network interfaces. 

Some of the more important features of ISDN are: basic rate 

interfaces (BRI) with a payload of 144 kbps, which includes two 

64 kbps voice/data channels and one 16 kbps signaling/data 

channel; and service can be provided over a single pair of wires. 

This pair is no different than a pair used for POTS and no 

conditioning or loop treatment is required in over 90% of the 

applications. ISDN also includes a primary rate interface (PRI) 

with a payload of 1.536 Mbps, which includes twenty-three 

64 kbps voice/data channels and one 64 kbps signaling/data 

channel. On the horizon are Broadband ISDN services at Giga

bit per second speeds. 

Digital Data Service (DDS), also called DATAPHONE® 

Digital Service by AT&T, is a subrate digital service that uses 

two cable pairs. DDS is strictly a transmission system with 

some networking capabilities, such as multipoint and secondary 
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channel for control; users must provide the multiplexing, data 

tenninal equipment and applications. DDS can be one-way, full 

duplex or half-duplex. 

One of the most important features of DDS is its fully syn

chronized and highly accurate clocking system and its guaran

teed high error performance. The latter feature is responsible 

for DDS's relatively high cost. when compared to other digital 

transmission systems (three to four times higher). Although 

DDS is a synchronous digital transmission system, it also sup

ports nonsynchronous channels with the appropriate multiplex 

equipment. 

DDS supports specific channel mtes as follows: 

• 2.4 kbps, 

• 4.8kbps, 

• 9.6kbps, 

• 19.2 kbps, 

• 56kbps, 

• 64 kbps . 

Other rates, such as 38.4 kbps, also are supported wi$ the 

appropriate multiplex equipment. The interfaces up to and in

cluding 19.2 kbps use the familiar RS-232 serial data interface. 

Above that, CCI1T V.35 is used. 

A public network service very similar to DDS is available in 

Anchorage. It can be provided at other locations on a private 

network basis. The DDS loop, which is tenninated at the cus

tomer premises, requires DC continuity and normally does not 

use repeaters. DDS has distance limitations at the loop level 

with the loss detennined at a frequency equal to half the bit mte 

in Hz (called the Nyquist frequency). DDS signals from a 

subscriber are multiplexed in the centml office with other sub

scriber signals and transmitted to other locations at the DS 1 mte 

(1.544 Mbps). This essentially removes distance limitations in 

the overall DDS network. 

Fractional Tl is very similar to DDS, but, when provided 

through the public network, does not have the high error per

formance. Fmctional T1 supports data mtes in multiples of 

64 kbps (for example, 128 kbps, 384 kbps, etc.) up to an aggre

gate payload mte of 1.536 Mbps (twenty-four 64 kbps chan

nels). Submte multiplexing at mtes less than 64 kbps is inherent 

to most multiplex equipment. 

An individual Fmctional T1 circuit can be channelized in 

contiguous 64 kbps increments of the T1 aggregate mte or not, 

again depending on the multiplex equipment. When Fmctional 
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T1 is provided within the public network, the service is deliv

ered to vendor equipment on the subscriber's premises at the 

full T1 mte (1.544 Mbps), but only the channels or bandwidth 

desired are supplied to the subscriber. 

APPENDIXC 
SUBSCRffiER LOOP TROUBLESHOOTING AND 

TESTING PROCEDURES 

Note: The following tmnsmission tests are generic in nature. 

Reference is made to RED/YELLOW /GREEN scales. This 

applies only to the readily available and (relatively) inexpensive 

Wilcom T136B-2 Circuit Test Set and similar test sets in the 

T136 series. However, the absolute performance values are 

taken from IEEE Std 820-1984 and will apply to virtually any 

test set designed for subscriber loop testing. 

Equipment Required: 

1. Test telephone or "butt-in." 

2. Transmission Test Set (see above). 

Preparation: 

1. Ensure the network interface device (NID) is properly 

grounded (refer to the National Electrical Code, Article 

800). 

2. Disconnect the premises wiring from the NID; if pigtails 

are used, mark the leads so they can be reconnected 

properly. Depending on the type ofNID, the wiring can 

be disconnected by pulling the modular plug from the 

jack or unscrewing the terminals and removing the 

premises wiring. 

3. Set the test telephone (or "butt-in'') to the ON-HOOK 

position, and connect it to the test set DIAL tenninals. 

4. Connect the test set Green {TIP), Red (RING), and 

Yellow (GROUND) leads to the respective access line 

tenninals at the NID. Observe the Tip/Ring polarity. 

The ground connection is necessary for power influence 

measurements; it is not necessary for loop current or 

circuit noise measurements. 

5. At the end of all tests, remove the test set leads and recon

nect the premises wiring to the NID. 

6. It is very important that any report to the telephone com

pany of an unacceptable line be accompanied by the re

corded test results. 
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Loop Current Tests: 

1. Set the switch on the test set to the DIAL & LINE rnA po

sition. 

2. Set the telephone to the OFF-HOOK position to draw 

dialtone. Measure and record the loop current using 

the current scale on the test meter. 

3. See Table C1 below. If the loop current is< 23 rnA (Red 

arc), the NID is beyond the signaling range of the cen

tral office line circuit, and the tests in the following sec
tions may not be possible. Report the line as not 

providing minimum required loop current. If the loop 

current is ~ 23 rnA (Green arc), the NID is within the 

signaling range. Proceed with the circuit loss tests in 

the next section even if the loop current is below limits. 

TABLE Cl. LOOP CURRENT TESTS 

Performance 

Acceptable 

Unacceptable 

Circuit Loss Tests: 

Loop Current 

Current~ 23 rnA 

Current< 23 rnA 

Meter Arc 

Green 

Red 

1. Use the telephone to dial the local Milliwatt test number. 

The number is usually NXX-1102, where NXX is the 

prefix for the central office. If this number does not 

work, call the telephone company to obtain the proper 

test number. The Milliwatt test number connects to a 

0 dBm, 1004 Hz source in the local central office. 

2. When connected to the Milliwatt test number, a 1004Hz 

tone should be heard in the telephone. Immediately 

switch the test set to the CKT LOSS position. 

3. Measure and record the loss, see Table C2: 

a. If the circuit loss is> 10 dB (Red arc), report the line 

as not meeting minimum circuit loss requirements; 

b. If the circuit loss is > 8 dB but :5 10 dB (Yellow arc), 

the line provides marginal circuit loss; 

c. If the circuit loss is :5 8 dB (Green arc), the line meets 

minimum circuit loss requirements. 
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TABLE C2. CIRCUIT LOSS@ 1004HZ 

Performance 

Acceptable 

Marginal 

Unacceptable 

Circuit Loss 

Loss :58 dB 

8 dB < Loss :5 10 dB 

Loss> 10dB 

Meter Arc 

Green 

Yellow 

Red 

Circuit Noise, Power Influence and Balance Tests: 

1. Switch the test set to the DIAL & LINE rnA position. Mo

mentarily place the test telephone in the ON-HOOK po

sition and then return to the OFF-HOOK position to 

redraw dialtone. Dial the Quiet Termination test num-

ber. The number-usually is NXX-1100. If this number 

does not work, contact the local telephone company to 

obtain the proper number. The Quiet Termination test 

number connects to a resistive (quiet) termination in the 

local central office. 

2. Connection to the Quiet Termination is preceded by a 5 
to 10 second burst of 1004Hz tone in most central of

fices. When the line goes quiet, immediately switch the 

test set to the CKT NOISE position. 

3. Measure and record the Circuit Noise. See Table C3: 

a. If the noise is > 30 dBmC (Red arc), report the line as 

not meeting minimum circuit noise requirements; 

b. If the noise is between > 20 but :5 30 dBmC (Yell ow 

arc), the circuit noise is marginal; 

c. If the noise is :5 20 dBmC (Green arc), the line meets 

minimum circuit noise requirements. 

4. Switch the test set to the PWR INFL position. The Yellow 

lead from the test set must be connected to ground for 

this test. 

5. Measure and record the Power Influence. (Note: power in

fluence readings may vary with the season or weather 

conditions.) See Table C4: 

a. If the noise is > 90 dBmC (Red arc), report the line as 

not meeting minimum power influence requirements; 

b. If the noise is > 80 but :5 90 dBmC (Yell ow arc), the 

power influence is marginal; 

c. If the noise is :5 80 dBmC (Green arc), the line meets 

minimum power influence requirements. 

6. Calculate the Circuit Balance from the following formula 

and see Table C5: 
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Balance (dB)= 

Power Influence (dBmC) -Circuit Noise (dBmC) 

a. If the balance is < 50 dB, report the line as not meeting 

minimum circuit balance requirements; 

b. If the balance is<::: 50 dB but< 60 dB, the balance is 

marginal; 

c. If the balance is<::: 60 dB, the line meets minimum 

circuit balance requirements. 

7. Examine the three circuit parameters covered above

circuit noise, power influence, and circuit balance. See 

the performance matrix shown in Table C6. For those 

parameter and performance combinations that indicate 

unacceptable overall performance, report the line as pro

viding overall unacceptable perfonnance. The basic cri

teria is, if circuit noise and balance are marginal, the 

line is considered unacceptable. 

TABLE C3. CIRCUIT NOISE 

Performance Circuit Noise 

Acceptable Noise ~ 20 dBrnC 

Marginal 20 dBrnC <Circuit Noise ~ 30 dBrnC 

Unacceptable Noise > 30 dBrnC 

TABLE C4. POWER INFLUENCE 

Performance Power Influence 

Noise ~ 80 dBrnC 

Meter Arc 

Green 

Yellow 

Red 

Meter Arc 

Green Acceptable 

Marginal 

Unacceptable 

80 dBrnC < Power Influence ~ 90 dBrnC Yellow 

Noise> 90 dBrnC Red 
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TABLE CS. CIRCUIT BALANCE 

Performance 

Acceptable 

Marginal 

Unacceptable 

Circuit Balance 

Balance ;;:: 60 dB 

50 ~ Balance< 60 dB 

Balance> 50 dB 

TABLE C6. PERFORMANCE MA1RIX 

Circuit Power Circuit 

Noise Influence Balance Overall 

Acceptable Acceptable Marginal Unacceptable 

Acceptable Marginal Acceptable Acceptable 

Marginal Acceptable Acceptable Unacceptable 

Acceptable Marginal Marginal Unacceptable 

Marginal Marginal Acceptable Unacceptable 

Marginal Acceptable Marginal Unacceptable 

Marginal Marginal Marginal Unacceptable 

Acceptable Acceptable Acceptable Acceptable 
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I BACK OF THE BOOK I 
• CONFERENCES 

October 1-2, 1992-Applications of 
Geosynthetic Technology-Jakarta 
Indonesia ' 

~e rurpose of .this international sym
posiUm IS to provtde an opportunity for 
tho~ involved and interested in geosyn
thetlcs to meet and discuss the latest de
velopments and especially to share 
experiences in the application of geotex
tiles, geomembranes, geonets, and goo
composite drains. 

For more information, contact: John S. 
Y. Tan, Conference Director, 150 Orchard 
Road #07-14, Singapore 0923; tel. 
7332922 or fax (065) 2353530. 

November~ 1992-Deep Foundation 
Practice incorporating PILET ALK 
INTERNATIONAL '92--Singapore 

Deep foundation practice and piling 
techniques go hand in hand and the pur
pose of this symposium is to provide a 
forum for academics, designers, engi
neers, specialty contractors, equipment 
manufacturers, and materials producers to 
meet and exchange ideas and be updated 
on the latest developments and technolo
gies. 

For more information, contact: John S. 
Y. Tan, Conference Director, 150 Orchard 
Road #07-14, Singapore 0923; tel. 
7332922 or fax (065) 2353530. 

November S-6, 1992-From Waste to 
Resource: Composting in a Sustainable 
Society-Ottawa, Ontario 

Composting as a means of recycling 
the organic fraction of the waste stream 
fits well with the philosophy of sustain
able development which strives to find a 
balance between economy and the envi
ronment This conference will examine 
the many aspects of composting. 

For more information, contact: Susan 
Clarke, Technical Seminar Coordinator 
Unit 100, Asticou Centre, 241 Cite de~ 
Jeunes Blvd., Hull, PQ, KIA OH3. 

• PUBLICATIONS 

Subscriber Loop Signaling and 
Transmission Handbook: Analog 

by Whitham D. Reeve 

This practical telecommunications 
handbook brings you the latest techniques, 
requirements and standards for sending 
voice, data and call setup and takedown 
signals between a system user and a public 
or private network with an emphasis on 
the technical and opemtional aspects of 
the subscriber loop in an analog environ
ment 

To order, contact: IEEE, C.P. Depart
ment, 445 Hoes Lane, PO Box 1331, Pis
cataway, NJ 08855-1331, USA. 

Writing and Speaking in the 
Technology Profession 
edited by David F. Beer 

This book delivers concrete advice 
from foremost experts on how to commu
nicate more effectively in the workplace. 
You will find that each article is aimed 
specifically at the needs of engineers and 
others in the technology profession, and is 
written by a practicing engineer or techni
cal communicator. All articles are brief 
and to the point 

To order, contact: IEEE, C.P. Depart
ment, 445 Hoes Lane, PO Box 1331, Pis
cataway, NJ 08855-1331, USA. 

Antarctica and Global Climate Change 

A "state of knowledge" overview of 
Antarctic atmospheric science stressing 
global teleconnections and environmental 
change. 

To order, contact: Lewis Publishers, 
Inc., 2000 Corporate Blvd., NW, Boca Ra
ton, FL 33431; tel 1-800-272-7737 or 
(407) 994-0555. 
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Satellite Remote Sensing of Polar 
Regions: Applications, Limitations 

and Data Availability 
by Robert A. Massom 

This two-part book outlines the evolu
tion of satellite-borne remote sensing of 
~lar reg~ons, evaluates satellites currently 
m operation and looks at future develop
ments. It concentrates on sensors that de
tect and measure not only polar snow and 
ice, but also high latitude meteorological 
oceanogmphic variables. 

To order, contact: Lewis Publishers 
Inc., 2000 Corporate Blvd., NW, Boca Ra~ 
ton, FL 33431. 

The Water Encyclopedia, 
Second Edition 

by Frits van der Leeden, Fred L. 
Troise & David Keith. Todd 

A million facts and figures, valuable 
for many uses--all in one volume. Years 
of professional scientific work, selection 
and organization went into this encyclope
dia This new edition gives you twice the 
material and twice the data of the first 
edition. 

To order, contact: Lewis Publishers, 
Inc., 2000 Corporate Blvd., NW, Boca Ra
ton, FL. 33431. 

Proceedings of the '90 and '91 
COMCONEL Conference-the 

International Conference on 
Communication, Control, Computers, 

Energy, and Electronics 

To order, contact: COMCONEL 91, 
Progmm Chairman, Prof. Sayed Yousef, 
24, Sekalia St., Nasr City-6, Cairo, 
EGYPT. 
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of Nevada, Reno, Reno, NV 89557-0153; 
tel. (702) 784-6927, fax (702) 784-6627. 

• NOTED 

Funding for Creamer's Refuge 

New visitor opportunities at Creamer's 
Field Migratory Waterfowl Refuge near 
Fairbanks, Alaska will become a reality 
thanks to grant money from the U.S. Fish 
& Wildlife Service's Challenge 
Grant/Cost Share Program in Alaska. The 
Creamer's field grant of $91,800 is one of 
22 grants totalling $323,000. The 
Creamer's field giant is to be matched by 
the Alaska Department of Fish & Game, 
Ducks Unlimited, Friends of Creamer's 
field, the Arctic Audubon Society, and the 
North Star Center. 

New exhibits explaining waterfowl, 
wetlands and other wildlife and habitats 
will be designed and constructed at the 
refuge. Also, the nature trail system will 
be improved and expanded to include a 
self-guided educational and recreational 
program. 

Nushagak Caribou Herd Growing Fast 

Alaska's newest caribou herd has 
grown more quickly than the most opti
mistic predictions. In 1988, federal and 
state biologists airlifted 146 caribou from 
the Alaska Peninsula to the Nushagak 
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Peninsula on the Togiak National Wildlife 
Refuge. Since then, the herd has increased 
by 40 percent a year, making it the fastest 
growing herd in the state. 

Scout Volunteer Honored 

Wells Stephensen, a U.S. Fish & Wild
life Service employee involved with Boy 
Scouting for the past 38 years, has been 
honored by the Department of the Interior 
with a special achievement award. As 
scoutmaster of Troop 29 in Eagle River, 
Alaska, Stephensen has trained scouts in 
cold-weather camping, helping many 
members of his troop earn the 100-Below 
Award, based on a cumulative record of 
below-freezing experiences. 

• OF INTEREST 

GTHERM2-Two Dimensional 
Geothermal Simulator 

GTHERM2 can be used to simulate 
conditions requiring either cartesian or m
dially symmetric polar coordinate sys
tems. Cartesian coordinates are usually 
used when analyzing thermal effects be
neath buildings and around pipelines. Ax
isymmetric coordinates are particularly 
well suited to the analysis of circular 
structures such as tanks, well casings, tun
nels, ponds, and lakes. 

GTHERM2 incorporates the effects of 

freezing and thawing, surface conditions, 
sloping boundaries, and special pipe ele
ments. 

If soil is initially unfrozen, the program 
automatically invokes a frost heave op
tion, using the Konrad-Morgenstem Seg
regation Potential Method. The user 
defines a range of SP values for the soil, 
and the program predicts frost heave for a 
variety of situations, taking into account 
the pressure dependency of frost p.eave as 
the frost line descends deeper into the soil. 

Output can be specified at a desired 
time interval, or a table of desired output 
times can be defined by the user. Output 
data may be manipulated in various ways; 
for example, the temperature of any ele
ment or rectangular grid of elements can 
be tabulated to allow separate calculation 
of heat flow rates across any boundary. 

GTHERM2 provides screen and hard
copy gmphics of all or part of the finite 
difference mesh, based on data retrieved 
from either data or output files. Once the 
thermal calculations have been made, iso
therms can be added at a user-selected 
temperature interval. 

For more information, contact Mitre 
Software Corporation, 9636-51 Avenue, 
Suite 200, Edmonton, AB, T6E 6A5 
CANADA; tel. (403) 434-4452 or fax 
(403) 437-7125. 
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CONVERSION FACTORS 

To Convert To Convert 
From To MultiJ!II BI From To MultiJ!II BI 

Length Mass (continued) 

centimeters inches (in) 0.394 tons (long) kilograms 1016 
feet centimeters (em) 30.5 tons (metric) pmmds 2205 
inches centimeters 2.54 tons (metric) kilograms 1000 
kilometers miles 0.621 tons (short) pounds 2000 
meters feet 3.28 tons (short) kilograms 907 

Pressure meters yards 1.094 
miles kilometers 1.609 
millimeters inches 0.0394 atmosphere bars 1.013 
yards meters 0.914 atmosphere grams/sq. em 1033 

atmosphere pounds/sq. in 14.7 
pounds/sq. in (psi) grams/sq. em 70.3 Area 

Force acres hectares 0.405 
acres sq. meters 4047 
hectares acres 2.47 dynes newtons 0.00001 
sq. centimeters sq. inches 0.155 newtons pounds 0.225 
sq. feet sq. meters 0.0929 pounds newtons 4.45 

Energy 
sq. inches sq. centimeters 6.45 
sq. kilometers sq. miles 0.386 
sq. meters sq. yards 1.196 British thermal 
sq. meters sq. feet 10.76 units (Btu) calories 252 

calories Btu 0.00397 
-7 

ergs joules lx10 

sq. yards sq. meters 0.836 

Volume 
foot-pounds calories 0.324 
foot-pounds joules 1.36 

-4 
joules Btu 9.48x10 
joules calories 0.239 
kilowatt-hours Btu 3410 

6 
kilowatt-hours foot-pounds 2.66x10 

cubic centimeters cubic inches 0.0610 
cubic feet cubic meters 0.0283 
cubic inches cubic centimeters 16.39 
cubic meters cubic feet 35.3 
cubic meters cubic yards 1.308 
cubic yards cubic meters 0.765 

Power 
gallons liters 3.79 
liters quarts, u.s. 1.057 
milliliters ounces 0.0338 horsepower Btu/min. 42.4 
quarts, u.s. liters 0.946 horsepower horsepower (metric) 1.014 

horsepower kilowatts 0.746 
kilowatts horsepower 1.341 

Mass 

grams ounces, avdp. 0.0353 watts Btu/hour 3.41 
kilograms pounds 2.205 watts joules/sec. 1 
ounces, avdp. grams 28.3 
pounds kilograms 0.454 
tons (long) pounds 2240 

TEMPERATURE CONVERSION 
oc OF oc OF oc OF 

-50 -58 40 104 120 248 
-40 -40 45 113 130 266 
-30 -22 50 122 140 284 

SI UNIT PREFIXES -25 -13 55 131 150 302 

Factor Prefix SI!!!bol Factor Prefix SI!!!bol 

1012 tera T 10-2 
centi c 

-20 -4 60 140 160 320 
-15 5 65 149 170 338 
-10 14 70 158 180 356 

10
9 

gig a G 
-3 

10 milli m 

10
6 

M -6 
mega 10 micro J.1 

10
3 

kilo k 10-9 
nano n 

10
2 

hecto h 
-12 

10 pi co p 

10 deka da 
-15 

10 fern to f 
-1 -18 10 deci d 10 atto a 

-5 23 75 167 190 374 
0 32 80 176 200 392 
5 41 85 185 225 437 

10 50 90 194 250 482 
15 59 95 203 275 527 
20 68 100 212 300 512 
25 77 105 221 325 617 
30 86 110 230 350 662 
35 95 115 239 400 752 
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