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PREFACE

The evaluation of the Surface Condition Analyzer (SCAN) system
and opinions regarding the system presented in this report were formulated on

information gathered primarily during early 1978. Information acquired at

that time included users' opinions which were likely based on several years'

experience with early versions of the system. Since its inception, the

manufacturer has continued development of the system, adding "improvements

and replacing sensors in existing systems at no cost to the owners. Since
early 1978, sensors and processing electronics have been replaced at four

civil airfields, and initial reports indicate improved reliability.
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Section 1

INTRODUCTION AND SUMMARY

During the past year under Contract No. N00014-78-C-0284 from the
Jffice of Naval Research, Calspan Corporation has been conducting an operational
research investigation into the feasibility of utilizing the Surface Condition
Analyzer (SCAN)* system as an indicator of airport runway conditions with
respect to icing und/or hydroplaning situations. The principal tasks of this

rt are as follows:

(1) Investigate the basic principles of the SCAN system and provide
independent opinions regarding the conceptual design and electronic

and mechanical enginecering.

(2) Evaluate the overall performance and applicability of Navy-wide use

of the SCAN system for runway ice control.

(3) Evaluate the potential applicability of a system capable of monitoring

runway water depth and relating those measurements to runway traction.

The manufacturer now has separate configurations of the SCAN system--
one for ice detection and one for water-depth measurement. Currently, only
the ice detection system is commercially available, and systems of from 1 to 4
sensors have been installed at the following airfields**: Keflavik NAS,
Scott AFB, Trenton (Ontario) CFB, Anchorage, Cincinnati, Detroit, Indianapolis
and Kansas City. (Approximately 10 additional civil airports in the U.S. are
planning procurement of ice detection systems.) The results of an operational
research evaluation of the ice-detection system are presented in this report.
Evaluation of the water-depth measurement capability and its potential utility

will be provided under separate cover.

“*Munufactured by Surface Systems, Inc., St. Louis, MO 63144.

**SCAN systems have also been delivered to Chicago (O'Hare) and Pittsburgh,
but these systems are not yet fully operational.




The overall evaluation of the performance, utility and applicability

of the SCAN system to Navy-wide implementation encompassed four general areas

of investigation: (1) study of the basic operating principles, conceptual
design and electronic and mechanical engineering of the system; (2) investigation
of the system's operational performance; (3) analyses of the economics of

SCAN ownership vs. snow and ice removal and control (SIRC) practices impacted
by SCAN; and (4) climatological review of Naval installations. The results

and conclusions derived from this investigation, as summarized below, were
formulated from data and information garnered from the following sources:

site visits and interviews at civil and Naval airfields where SCAN is installed;
visits and discussions at the manufacturer's plant; strip-chart records of
actual SCAN-output signals, correlated with visual inspection of runway and
sensor surfaces, runway traction, and display terminal readouts, obtained
during a two-week study at Keflavik NAS; study of the manufacturer's drawings
and schematics; review of the literature on SIRC operations and economic

analyses of these procedures as impacted by SCAN; and climatological analyses.

Briefly summarizing, the principal findings of this investigation
are as follows: (a) the SCAN system is designed and constructed to good

commercial practice and could be made to meet military specifications with a
minimum of effort; (b) the radiation color, surface roughness and porosity

of the sensors provide only a fair approximation of the runway surface and
may give rise to false alarms and erroneous indications of surface condition;
(c) there is no doubt that the sensor can detect the presence of water/ice
and provide a reliable measure of surface temperature; (d) for at least the
one sensor that was monitored, SCAN was incapable of detecting the phase of
water/ice on the runway; surface temperature was used to define water phase;
(e) in terms of SIRC operations, surface temperature is the only information
unique to SCAN; SIRC personnel make constant personal inspections of runway
surface conditions, keeping abreast of current and forecast weather conditions;
(f) unfavorable experience with false alarms and erroneous indications,
coupled with the SIRC supervisor's preemptory knowledge of runway surface
conditions, have rendered the surface-condition readouts untrusted, generally
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unnecessary for most icing situations, and generally unused at many airfields

——

k visited even though on occasion the SCAN system does provide information on
I icing conditions which are unexpected and otherwise undetected by SIRC
. personnel; (g) surface temperature data supplied by SCAN can be an important

guide in the efficient and timely application of ice-control chemicals, and

this information is utilized in some SIRC operations; (h) in terms of economics
T at 1978 prices, the SCAN system can be cost effective; the economics of air- |
&= port availability and safety were not within the scope of this evaluation but =

could easily exceed the cost of SCAN ownership.

IWERERETCYWREPRVEIIY DT, o

. In short, for snow and ice control on an airfield runway, the SCAN
system is usually used as an expensive, albeit cost-effective and important,

thermometer. Utilized to its fullest potential, SCAN surface temperature

kel i s wdke 64l

information could effect significant savings in costs associated with ice-

control chemicals and improved airport availability and safety at airfields

e g

where significant quantities of ice-control chemicals are employed.

The SCAN system will not supplant the need for frequent visual and

traction-measurement inspection of runway surfaces; however, it can on occasion

provide advance warning of hazardous icing conditions, thereby enhancing air- i

field safety and availability.

Within the body of this report, dctailed discussions of the ]
cngineering, performance and economics of the SCAN ice-detection system are
provided in Sections 4, 5 and 0, respectively. Climatology considerations
are discussed in Section 7, and a brief review of the literature on SIRC
practices is provided in Section 3. An Executive Summary, incorporating the
principal conclusions and recommendations derived from this investigation,

is presented in Section 2. Additional background information is provided in

Appendices A, B and C.
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Section 2

EXECUTIVE SUMMARY
and
RECOMMENDATIONS

During 1978, Calspan Corporation conducted a research investigation

of the basic principles and operational performance of the Surface Condition

*
s in the detection of icing conditions on runway .

Analyzer system (SCAN)
surfaces and its applicability to Navy-wide use. The results and conclusions

derived from this investigation, as summarized below, were formulated from data
and information garnered from the following sources: site visits and interviews

at civil and Naval airfields both where SCAN is installed and where SCAN is not i

used; visits and discussions at the manufacturer's plant; strip-chart records of
actual SCAN-output signals, correlated with visual inspection of runway and

sensor surfaces, runway traction, and display terminal readouts, obtained

during a two-week operational perfurmance study at Keflavik NAS; study of

the manufacturer's drawings and schematics; review of the literature on snow i
and ice removal and control (SIRC) operations and economic analyses of these

procedures as impacted by SCAN; and climatological analyses.

2.1 Background

The SCAN system consists of three separate components: (1) a number
of sensors; (2) remote processing units (RPU), and (3) a display terminal. The
sensors, imbedded flush with the runways are connected to the RPU's by a
cable, while information may be transmitted from the RPU's to the display

terminal by either cable or radio telemetry.

The sensor unit is an epoxy, hockey-puck-shaped disk (5 inches in
diameter and 1.1 inches thick) which is mounted flush with the runway surface

and comprised of three separate components: (1) a thermistor for surface

*Manufactured by Surface Systems, Inc., St. louis, Mo. 63144

|
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temperature measurements; (2) two metal strips exposed on the surface for
conductivity measurements; and, (3) a proprietary configuration which measures,
via a capacitance measurement, the permittivity of the space above the sensor.

The design basis for these measurements is the dependence of measured values

of permittivity and conductivity on the presence and phase, respectively, of water
on the surface of the sensor. According to the manufacturer, measurements of
permittivity detect the presence of water, ice, or snow on the sensor, and the
phase of the water is determined by conductivity measurements. Since the
presence of cheinicals can significantly affect these measurements (e.g., pure
water has very low conductivity while tap water typically has a high conductivity)
cach system is 'calibrated" for the most likely aqueous chemical solution it

will encounter in actual operation.

The information gathered by the sensors is processed at the respective
RPU's and relayed to the display terminal which is generally located in a Fire
House or Maintenance building. The information presented by the display
terminal consists of a five digit display showing air temperature (obtained
from cne thermistor mounted in the air generally near the building containing
the display terminal), runway surface temperature, and the identifying number
of the sensor currently being monitored. Four prominent display lights indicating
the discrete state of the runway surface are mounted above the five digit display.
These lights display either: (1) CLEAR (dry); (2) WET; (3) ALERT; or (4) HATARD
(ice).

~

.2 Conclusions and Recommendations

The SCAN system is designed and constructed to good commercial
practice and could be made to meet military specifications with a minimum of
effort. Installation, however, is haphazard probably as a result of improper
installation procedures by airfield maintenance personnel and, therefore,
should be performed by SSI personnel. In addition, the radiation color,
surface roughness and porosity of the sensors provide only a fair approxima-

tion of the runway surface and could be improved to more closely match the

S




runway surface.

An apparent drift in the electronics between the RPU and display terminal,

for the one sensor monitored at Keflavik, caused displayed temperature to read

4°C warmer than actual sensed surface temperature -- a potentially serious, but

correctable, error for effective and timely implementation of anti-icing strategy.

As advertised, the SCAN ice-detection system measures surface
temperature, permittivity of the space immediately above the sensor (for
detecting the presence of ice, snow or water), and conductivity between two
electrodes on the surface of the sensor (supposedly for distinguishing the
liquid from the ice phase). There is no doubt that the pemmittivity sensor
can detect the presence of water and ice except in situations of very light,
low density snow or frost. However, for the one sensor monitored at Keflavik,
the distinction between liquid water and ice was based solely on surface
temperature (sensed, not displayed) even though the conductivity sensor appeared
to be functioning properly. Logic circuitry in the system apparently neglects

the conductivity data.

Of 16 SCAN-related, runway-condition events identified during two
weeks at Keflavik, 25% were false alarms, 25% were failures to detect
or warn of hazardous runway conditions, 19% were correct indications of wet
runways, and 25% were proper indications of icing conditions. For two of the
four detected icing events, the SCAN system provided advance warnings which
prompted runway inspection and SIRC activities, thereby enhancing airfield

safety.

The information displayed by the SCAN system (i.e., surface
condition and temperature) is utilized to a greater or less extent at various
airfields depending on SIRC strategy, severity of weather, demand on SIRC
operations, and past experience with the SCAN system. In temms of SIRC
operations, surface temperature is the only data unique to the SCAN system,
and it is generally used. Personnel in charge of SIRC keep abreast of weather
(both current and forecast) and make routine, first-hand inspections of runway
surface conditions; they generally know current weather and what to expect in

the immediate future. At the airfields where SCAN is installed, the condition

- ~— [ ]




indicators are not used unless they indicate unexpectedly; but even then

false alarms and discrepancies between actual and indicated surface condition

have lead to distrust of the indications. However, an unexpected indication

of ALERT or HAZARD will generally prompt a personal inspection of the runways.
Surface temperature data supplied by SCAN, if accurate, can be an

important guide in the efficient and timely application of ice control chemicals

and are used to some extent by SIRC personnel. However, the forecast capability

of the trend in surface temperature is not utilized to its fullest potential.

In terms of economics, airport availability and safety considerations,
the proper application of chemicals is the key element to SCAN utility and
cost eftectiveness. Mechanical procedures are dependent on meteorological
conditions and are not significantly impacted by SCAN. The costs of chemical
application are dependent on the size of runway to be treated and the costs of
the chemical themselves. For anti-icing a 10000 ft runway, one application
of urea costs ©$800, while one application of UCAR costs v §2500 (at 1978
prices); chemical costs for de-icing are 3 to 5 times greater. Thus, for a
10000 ft runway using UCAR, the annual cost of a 3-sensor SCAN system would
be matched by the costs involved in the failure to anti-ice in a timely
manner on only one occasion. For a similar airficld using urea, the costs
involved in failure to anti-ice on only 6 occasions would equal the annual
amortized cost of SCAN.  Savings from avoiding unnecessary (surface temperature

32°F) or ineffective (surface temperature <« 18°F) applications of chemicals,
it avotded 0 and 10 times, respectively for UCAR and urea, would match the
annual cost of SCAN ownership. The economics of safety and airport
availability were not within the scope of this evaluation but could casily
exceed the cost of SCAN ownership.

In summary, the SCAN system is capable of providing, on occasion, some
advance warning of hazardous icing conditions, thereby enhancing airfield safety
and availability. More often, however, the precursor meteorological conditions
which ultimately give rise to icing events will result in false alarms from the
SCAN system.  Since a false alarm results only in an unnecessary personal
inspection of runways by SIRC personneil who are alrecady on duty and in view of

the costs involved in damage to even one aircraft, the information provided by

7




SCAN for these infrequent unexpected events, regardless of the frequency of
false alarms, is well worth the investment costs of a SCAN system at airfields
subject to frequent icing conditions and servicing of high performance aircraft.
The SCAN system, however, will not supplant the need for frequent visual and
traction-measurement inspection of runway surfaces.

T i e

A limited climatological study was conducted to determine which,
if any, Naval Air Stations could potentially benefit, based on weather consider-
ations, from a SCAN system. Of 76 Naval installations, 10 were found which
experienced > 0.1 inches of snow on each of more than 10 days during the
winter (December through March) and at least one winter month in which mean
minimum temperature was < 32°F. These Naval installations and their mean
wWinter season temperatures are as follows: Adak, Alaska (34°F); Brunswick,
Maine (25°F); Glenview, Illinois (28°F); Lakehurst, New Jersey (35°F);
Keflavik, Iceland (33°F); Misawa (Honshu Is.), Japan (32°F); Quonset Point,
Rhode Island (33°F); South Weymouth, Mass. (30°F); and two Antarctic stations
(-15°F in the Southern Hemisphere winter). Approximately half of these airfields
experience snowfalls exceeding 1.5 inches fewer than 10 times per year. With-
out additional experience with the SCAN system, it does not seem appropriate

to consider installation at airfields with less severe weather conditions

than these.

More detailed climatologies for Adak, Brunswick and Keflavik revealed

the following: the percentage of winter season observations with precipitation

at temperatures < 32°F is 9%, 9% and 7%, respectively, for the 3 stations; and
for precipitation at temperatures > 32°F, the percentages are 27, 8, and 18%,
respectively. These data suggest that Adak is wetter and warmer than Keflavik
and that Brunswick is dryer and colder than Keflavik. In addition, a runway-
freezing model (i.e., precipitation at air temperatures > 32°F and subsequent
cooling to below 32°F) based on data obtained during the visit to Keflavik
suggests that the seasonal number of runway freezing events after precipitation
is similar for both Brunswick and Keflavik (ie., with upper limits of 16 and 21,
respectively). Data are not available for Adak. These data suggest that run-

way freezing may be as important for SIRC activities as is snowfall, and this was ‘
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certainly true during our observations at Keflavik. Thus, from climatological

considerations alone, it appears that, given sufficient aircraft activity, it

would be cost effective to install SCAN systems at the three airfields of greatest

interest to Navy and perhaps at the other five airfields listed above,

Finally, the utilization and need of even a perfectly-functioning
SCAN system is dependent on the mission and other safety considerations at
individual airficlds. Particular Navy interest centers on Adak and Brunswick.
[Interviews with operations personnel at these airtficlds indicate that their
requirements for SIRC activity arve significantly less stringent than at
Keflavik, which is on 4 constant "alert” status with high performance airveraft.
\t Brunswick and Adak, flights can frequently be scheduled around serious
runway itcing conditions. Further, the primary traffic at these two airfields
involves P-3 aircraft which can perform effectively and safely with significant
snow accumulation on the runway. In addition, Adak currently uses no
chemical for ice control, and Brunswick estimates annual costs for chemicals
at only $12000. Brunswick and Adak, therefore, currently have little need
for such a system. 1In times of military alert, when the strategic importance
of these airfields is increased, such a system could affect a significant
improvement in airfield availability and safety (as well as reduced costs for

ice control chemicals).

We are not familiar enough with the missions of the other five

airfields listed above to be able to make firm recommendations.
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Section 3

LITERATURE REVIEW OF RUNWAY TRACTION MANAGEMENT UNDER ICING CONDITIONS

3.1 Introduction

Any amount of moisture, frozen or unfrozen, on a runway surface can
be critical to the manageability and safety of aircraft. At speeds where the
pilot can still control the aircraft through manipulations of the thrust, flaps
and rudder, tire traction is not critical. However, below a critical air-
speed which is dependent upon aircraft type as well as crosswind conditions,
it is essential that tire traction be sufficient to allow the pilot to direct
and stop the aircraft. With more modern aircraft, this critical speed has
climbed higher, requiring that runway surfaces be in better condition (i.e.,
modern aircraft are more susceptible to loss of control on icy or wet runways).
Airport managers, both civilian and military, have responded to this need by
an escalation in the use of expensive and sophisticated snow and ice removal

and control (SIRC) equipment as well as the use of chemicals.

In an effort to minimize the expense involved with SIRC operations,
many airport managers are installing ice detector sensors in the runway surface.
It is their belief (as well as being heavily advertised by manufacturers) that
the application of expensive chemicals may be averted in several instances per
year when they would otherwise have been applied for conditions outside their

operational range.

3.2 Measurements of Runway Surface Conditions
e Traction

Measurements of the runway surface condition (i.e. effective
traction coefficient) are of particular importance in ascertaining the
immediate need for SIRC operations as well as a quantitative criterion for
determining that SIRC operations have been effective and are no longer
necessary. Friction measuring devices which are incorporated into ground

vehicles or towed behind them at preselected speeds represent the most common
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method for characterizing the condition of runway surfaces. Two studies

(Horne and Tanner, 1968*; and Sugg, 1968**) jointly funded by NASA and the
British Ministry provide extensive information on available devices of this
type. Unfortunately, none of the devices has been accepted as a standard
means of assessing the conditions of a runway surface. As a result of the
use of different types of devices (if any) at various airports or Naval Air
Stations, pilots are faced with quantitative information which may or may not

be consistent with that provided at other airports.
A comparison of runway traction coefficients (as measured by
MU-Meters and Tapley devices) with runway condition (RCR) as mecasured by a

James Brake Decelerometer, along with equivalent braking action and increased

stopping distances for F-4 aircraft, is provided below:

Traction Coefficient vs. RCR
Approx.
increased
stopping

MU-Meter Tapley Equivalent Braking distance
Value Value RCR Action for F-4's
20.40 60 =20 Good 10%
0.39-~0.36 54-63 16-19 Good=Fair 15%
0.35-0.30 36-51 10-15 Fair 46%
0.29-0.26 25-32 6-9 Fair-Poor 75%

£ 0.25 g 22 SS Poor 100%

e Ice Detectors

The two most important factors that determine critical

conditions are surface temperature and the presence of moisture,

runway s urface

The surtface

*Horne, W.B., and J.A. Tanner, 1968, "Joint NASA-British Ministry of Technology
Skid Correlation Study:
and Traction Studies, NASA SP-5073.

Results from American Vehicles," Pavement Grooving
3 ks

**Sugg, R.W., 1968, "Joint NASA-British Ministry of Technology Skid Correlation

Study: Results from British Vehicles,'" Pavement Grooving and Traction Studices,
NASA SP-5073.
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temperature is generally measured with a thermistor buried slightly beneath
the runway surface. Techniques used to detect moisture are less general and
may consist of measurements of conductance, capacitance, temperature changes,
humidity, or optical properties of the runway surface. If it were not
difficult enough to determine the presence or state of moisture under ideal
conditions, the problem is often significantly compounded by dirt and oils

and by the use of chemicals whose concentration can directly affect any or all

of the above measurements.

A study perfomed for the Federal Highway Administration (Glauz et al,
1971*) surveyed some 22 devices which were developed for the prediction or
detection of ice, snow, or frost. Of these 22 devices, it was determined
that six of the devices merited further evaluation. The report discussed
the design of each device ¢s well as their inherent limitations. In this
context, it presented an exc=llent overview of the ice detection systems

and the tribulations inherent in such an evaluation.

S 3 Procedures (Techniques) for the Removal of Snow and Ice on Runways

Airport personnel can attempt to alleviate the symptons of snow
and ice on a runway surface by one of four basic techniques: mechanical
removal of the snow and ice; application of abrasives; application of
chemicals; or, heating of the runway surface. The use of any of these four
possible actions is governed by: (1) availability of equipment and man-
power; (2) availability of abrasives and chemicals; and, (3) the priorities

of SIRC operations.

Most airports and Naval Air Stations have established standard
operations procedures (SOP) for SIRC operations. These SOP include routine
runway inspections whose frequency is generally dependent upon the current
weather forecast. In the event that snow or freezing precipitation begins,
the crews respond in an organized manner to maintain an open runway. Generally,

the organized attack on snow and ice follows a written procedure specifically

*Glauz, W.D., 1971, "An lce and Snow Detection Warning System Feasibility
Study,'" Meteorology Research Incorporated Report No. 3394-E.
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outlining the methods, individual equipment and equipment teams which should
be used to optimize results. Published procedures (such as Tighe, et al,
1971*; and AF!M 91-14**) are available to recommend SIRC strategy for a

variety of runway priority-type situations. The Navy does not have a standard
manual with recommended SIRC strategy, and, consequently, SIRC techniques

vary widely amongst Naval Air Stations.

Most airports which experience significant snow during the winter
season have at least a token force of SIRC equipment. Such equipment collec-
tions may range from one pick-up-propelled snow plow to a fleet of snow
blowers, plows, graders, sanders, and brooms. Although the cconomics of
SIRC operations are certainly a prime factor in determining the quantity
as well as quality of SIRC equipment, safety considerations and priorities
of the airport are also important. For example, if an airport is unconcerned
about closing for an indefinite period, SIRC equipment is kept at a
minimum. At Naval Air Stations, the strategic mission and type of aircraft

served are prime considerations in the intensity of SIRC operations.

Probably the most common method, and in many cases the most
effective, of SIRC operations is mechanical removal. Of the SIRC annual
budget at every airport, the cost of manpower and equipment is by far the largest
single expense. For a light snow covering, brooms are sufficient, but for
heavy snow, plows and snow blowers may be neccssary to open runways. The
amount and type of equipment required by a particular airport or Naval Air
Station is dependent upon annual snow fall amounts and the mission or importance
of the airfield. The tremendous expense resulting from the closing of a large
commercial airport often leads to an abundance of SIRC equipment. Likewise,
Naval Air Stations which provide a vital defense role may devote significantly

more money and effort to SIRC than a less strategic Naval Air Station.

*Tighe, D.J., L.A. Garland, and J.C. Caird, 1971, "An Analysis of Airport
Snow Removal and Ice Control," Federal Aviation Administration Report No.
RD-71-20.

**Airfield and Base Snow and Ice Removal and Control, 1971, Air Force Manual
lo. 91-14,
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The use of abrasives (i.e., sand or grit) is generally held to a
minimum in view of the potential damage resulting from ingestion by jet

engines. As a result, their use is generally restricted to ramps and taxiways.

Chemicals are experiencing ever increasing usage in SIRC operations.
In their most obvious application, chemicals are applied to melt existing ice

or packed snow on the runways (de-icing). This type of application is reserved

for frozen precipitation which is not easily removed by brooming; the melting ?
action of the chemicals creates pools of liquid on the runway which efficiently
collect blowing snow and can potentially magnify an existing problem. The use-
fullness of the chemical to melt frozen precipitation is limited to temperatures
greater than the freezing point of an aqueous solution of the respective
chemical. Since runway surface temperatures are not commonly available,
estimates of the runway surface temperature are generally based on the

measured air temperature. Consequently, it is possible that costly chemical

may be applied when it will be totally ineffective.

Chemicals may also be applied prior to a precipitation event to
prevent expected precipitation from freezing or sticking to a below freezing
runway surface (anti-icing). Such applications are less frequent than de-
icing since runway surface temperature is generally unknown and the probability
of predicted precipitation completely missing the runway is finite. On the .
other hand, anti-icing can be attractive because significantly less chemical

is required to prevent icing than to eliminate an existing icing problem.

Two types of chemicals are currently employed at airports -- urea
and ethylene glycol-urea (UCAR). The former is usually dispensed as a solid
material (pellet or powder), the latter as a liquid. The selection of one or
the other chemical (where both are available) is a function of the surface
temperature and, in the case of urea, wind conditions. Urea can be employed
when the surface temperature is above -9.4°C (15°F). At lower surface
temperatures, the urea~-water mixture will form an undesirable gel. Urea
application is not practical when wind conditions cause the urea to be swept
off the runway. UCAR can be effective when surface temperatures are as low
as -18°C (0°F). Its application as a liquid is largely unaffected by wind

conditions.
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The economics of the use of chemicals (whose cost per application
on one runway may run in excess of §3000) can lead to the justification of
very expensive runway surveillance systems. Probably the best indication of
the need of an expensive runway surveillance system is the annuai budget for
chemicals, It is reasonable to expect a savings of a few applications of
chemicals from improved runway surveillance, and if the monetary savings
can cover the amortized cost of the surveillance system, it is probably a
good investment. However, it is also possible that increased surveillance
of the runway may result in the application of chemicals when they would
otherwise not have been applied. While there will exist an increased level
of safety, it may or may not be observable and the cost of chemicals will

increase.  The result could be a negative return on the surveillance systenm,

Runways which are wammed by a heating system located beneath the
runway surface provide the ultimate in SIRC. Such systems literally melt
snow and ice from the runway surface. The primary disadvantage to these
systems is cost. They require a tremendous investment for installation and
consume enormous amounts of cnergy to heat the runway surface. It is possible
that such systems would be economically feasible in locations where there

exists a very cheap energy source (e.g., geothermal energy).

o
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Section 4
CONCEPTUAL DESIGN AND ENGINEERING EVALUATION

The Surface Condition Analyzer (SCAN)tm is an instrumentation system
for indicating and, to some extent, predicting the tractive propc¢rties of an
airport runway*. It comprises sensors imbedded in the runway, an air tempera-
ture sensor, a readout and control console, and equipment for communicating
the sensor readings to the readout. A number of circuits serve to interpret
the sensor readings and to generate outputs that are of immediate interest
to airfield snow and ice control operations, e.g., readouts like WET, HAZARD
(Ice), ALERT or DRY (Clear). The current SCAN 7000 system and its predecessor .
which also included a water-depth sensing capability are pictured in repro-
ductions of manufacturer's literature in Figures 1 and 2, respectively. In
this Section, a general description and limited functional analysis of the
SCAN 7000 system as it existed in early 1978 is presented. (The manual for
SCAN 7000, including circuit diagrams, is reproduced in Appendix A.)

Reference is made to certain earlier or proposed configurations, where

appropriate.

4.1 Sensors

Four parameters are measured by the SCAN sensors: Air temperature,
which can be taken almost anywhere on the airport; the temperature just below
the runway surface; the electrical conductivity at the surface; and a measure “
of the permittivity (dielectric constant) of the region immediately above the

surface. Temperatures are measured with thermistors that typically yield

*

*0r, in related application, the slipperyness of highway surfaces. The device
is manufactured by Surface Systems, Inc. (SSI) of St. Louis, MO, and we wish
to acknowledge the cooperation of SSI in supplying some of the information and

figures used here.
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SCAN 7000

Highway Condition S8urveillance System

Highway departments are finding it more
of a necessity to maintain careful and
instantaneous surveillance of bridge decks,
tunnels and roadways during winter
because of increased traffic, continuing
emphasis on highway safety, higher
maintenance costs and the need to
minimize the use of salt.

Surface Systems, Inc. now has available its
new SCAN® 7000 Series highway condition
surveillance system. The system includes

a A) remote processor unit (RPU) and
roadway sensor; B) display monitor; C)
radio telemetry link (not shown).

The system displays on its moaitor air
temperature, surface temperature and
surface conditions of “clear”, “wet",
“alert’ or “ice” of a bridge deck, tunnel

or roadway at distances up to approximately
50 miles via the SCAN® telemetry system.
Telephone lines can be used in place of
the telemetry system if desired with no
interface equipment required. The system
also includes a relay to operate motorist
warning signs at the sensor location if
desired. A “system operate' relay is also
included to alert maintenance it the system
has become inoperative.

Easy Installation

The sensor is easy to install in bridge deck
or roadway because of its small size —
127 mm (5”) diameter x 29 mm (1% ")
deep. A concrete saw or core drill can be
used to cut the hole for the sensor. Any
acceptable epoxy based adhesive can be
used to set the sensor head permanently
in the pavement. The remote processor
unit can be located up to 150 meters

(492 feet) from the sensor. Input power,
telemetry transmitter or telephone line and
warning sign circuit is then brought into
this unit. It is recommended the sensor
head be located between the wheel tracks
in the least traveled lane.

Simple Alignment
Alignment is simple. All test signals for
“tune up'' are built into the remote
processor unit. A voltmeter and small

¢ Increase Safety

¢ Minimize Salt
Usage

screwdriver are all that is required. Warm
weather testing of sensor, logic, telemetry/
telephone line and monitor is accomplished
by a single switch.

Relilable Operation

Sensor in pavement senses surface
temperature and surface condition. These
signals are processed in the remote
processor unit near the sensor and then
transmitted via telemetry or telephone line
to the display monitor. Air temperature is
sampled by a sensor located near the
display monitor. The monitor displays
surface and air temperatuie in digital form.
Surface conditions of ‘‘clear”, “wet",
“alert" or “ice' are displayed by colored
lights. The conditions of “Clear” and ‘‘wet"
need no explanation. The “alert" condition
Iindicates a hazardous situation is
beginning to occur caused by two possible
conditions: 1) light frost beginning to form
but not thick enough to affect traction; 2)
solution of water and salt just beginning

to freeze which is generally in advance of
actual freezing on the pavement. This is
accomplished by a sensing element on the
sensor surface operating at a lower
temperature than the pavement. “Ice"
indicates that a hazardous situation exists
caused by heavy frost, frozen packed snow
or ice. There is an audible alarm on the
monitor that actuates for conditions of
“alert” or “ice". The monitor has the
capability of continuously monitoring up

to five sensors in sequence.

Low Maintenance

Other than a simple annual inspection
during the summer to test the sensor,
logic, telemetry/telephone lines and
monitor, there is no maintenance required.

How the

System Works

The system detects surface conditions by
measuring the capacitance and
conductance of the precipitant on the
sensor head. With this method, a heated

—Real Time Monitoring of
Hazardous Conditions

e Optimize Manpower

suns0r 1s eliminated and therefore
reliability greatly improved since the
system is not melting or evaporating what
it is Intended to detect. Surface
temperature Is also measured by a high
accuracy thermistor in the sensor head

Information from the sensor is processed
In the remote processor unit and Is coded
onto a 1,000 hz tone for radio telemetry
or telephone line transmission to the
monitor. The display monitor is designed
to operate with a maximum of an 18 db
telephone line loss with an input level
into the line at the sensor location of 0
db. No Interface equipment is required tor
data transmission. The SCANR® radio
telemetry system consists ot an FCC type
accepted one watt or 25 watt output
transmitter and a matched receiver. The
system operates in the 150 Mhz to 175
Mhz band. At the monitor, the 1,000 hz
modulated tone is decoded and the
information is displayed by colored lights
for surface condition and LED digital
displays for surface temperature. The
monitor will sequentially display
Information from one through five sensors
with a sampling time of approximately 10
seconds per sensor. An audible tone alarm
is included for the conditions of “alert” o1
“ice". This alarm can be de-activated on
the front of the monitor panel.

The total system has been engineered to
mintmize the ettects of lightn'ng. The
system has been designed to operate in
the presence of all types of highway ice
control chemicals.

Surtace Surveillance systems for highways
and airports are our principal business
SCANR systems are operating on high
ways and airtields throughout North
America and Europe. Names and
addresses of highway departments using
these systems are available upon re quest

This system is protected under U.S. Patent
Nos. 3873927 and 3882381. Other U).S. and
foreign patents are pending

SSI surface systems, inc.

pP.o. box 9927, saint louls, missouri 63122/(314) 822-2678

Figure 1
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SCAN" System

Runway Weather Surveillance System

With the high cost ot runway downtime
and ice-control chemicals and the
continuing emphasis on aviation safety
airport managements are realizing

the need to continuously monitor runway
surtace conditions. This is particularly
true during winter weather and periods
of heavy rain

Surtace Systems, Inc has developed
and fully tested a complete runway
weather sutveilfance system called the
Surtace Condition ANalyzer (SCANTM)
system. The heart ot the system is

a single. rugged, unheated sensor

The system displays on its monitors, air
temperature, surface temperature,
surface condition (clear, wet, alert or ice)
and critical water depth for hydroplaning
This information can be displayed for
one through five locations on a single
unway or combination of runways
Having available this information permits
arrport management to reduce
considerably ice-control chemical usage
and to know immediately when a
hydroplaning hazard exist on a runway
The SCAN'™ system was developed in
1972 and has been tested and proven in
conunuous use at a number of airports
in the United States and Canada

Installation

The sensor is easy to install in Runway
because of its small size— 127 mm

(5”) diameter x 29 mm (1's ")

deep. A concrete saw or core drill can
be used to cut the hole for the sensor
Any acceptable epoxy based adhesive
can be used to set the sensor head
permanently in the pavement The remote
processor unit can be focated up to

150 meters (492 feet) from the sensor
Input power, and signal lines are then
brought into this unit. It 1s recommended
the sensor head be located approximately
12 m (40) trom runway center line

Alignment

Alignment is simple. All test signals for
tune up’ are built into the remote

processor unit. A voltmeter and smali

screwdriver are all that is required
resting of sensor, logic. signal lines

and monitor 1s accomplished by

a single switch.

Accurate
¢ Reliable

Ice Warning
Hydroplaning
Warning

Operation

Sensor in pavement senses surface
temperature, surtace condition and water
depth. These signals are processed in
the remote processor unit near the
runway and then transmitted via signal
lines to the display monitor. Air
temperature Is sampled by a sensor
located near the display monitor. The
monttors display surtace and air
temperature in digital torm. Surface
conditions of “clear”, “wet", “alent",
ice’ and critical water depth are
displayed by colored lights. The
conditions of “clear” and “wet" need no
explanation. “Alert” indicates a solution
of water and chemical just beginning
to freeze. This is generally in advance of
actual freezing on the runway. It is
accomplished by a sensing element on
the sensor operating at a slightly lower
temperature than the pavement. “lce"
indicates trozen, packed snow or
ice. There are audible alarms on the
monitors that actuate for conditions
of “alert™, “ice™ or critical water depth
The critical water depth as determined by
research programs of NASA and FAA
Is between 1.3mm (.05”) and 2.5mm (.1")
The hydroplaning alarm can be set
within the range ot 0 to Smm (.2") of
of water depth. The monitors have the
capability of continuously monitoring
up to five sensors in sequence

Maintenance

Other than a simple annual mspection
to test the sensor, logic, telephone lines
and monitor, there is no maintenance
required

How the
System Works

The system detects surface conditions by
measuring the capacitance and
conductance of the precipitant on the
sensor head. With this method, a heated
sensor s eliminated and theretore
reliability greatly improved since the
system is not melting or evaporating what
ttis intended to detect. Surtace
temperature is also measured by a high
accuracy thermistor in the sensor head

Continuous Monitoring

The information trom the sensor is
processed in the remote processing unit in
which an output is connected to a signal
line for surtace condition (“clear"

“wet” “alert” or “ice") and

surface temperature. A separate

signal line is required for water depth
information. No interface equipment is
required for data transmission; it is
included in the remote processing unit
and the display monitors. At the monitor
end, the signals are decoded and the
(nformation displayed by colored fights
for surface condition and critical water
depth. LED displays are used for surface
temperature and air temperature. The
runway condition-temperature monitor
will sequentially display information
from one through five sensors with a
sampling time of approximately 10
seconds per sensor. The water depth
monitor displays information from each
connected sensor instantly and
simultaneously. Audible tone alarms are
included for the conditions of “alert,
“ice” or critical water depth. These
alarms can be de-activated on the front
of the monitor panels.

The total system has been engineered
Lo minimize the etfects of lightning. The
system has been designed to perform in
the presence of all types of runway

Ice control chemicals such as ethylene
glycol, alcohols and Urea. This is
accomplished by a compensation circuit
that is activated by the presence of
chemicals on the sensor head through
the measurements of capacitance and
conductance.

The system is modular in that it can be
used as a runway condition-temperature
system only, a water depth alarm
system only or both as pictured above

SSITM developed this system in 1972,
Weather surveillance systems are our
principal business. Names and addresses
ot airports using these systems are
available upon request.

This system is protected under U.S.
Patent Nos. 3873927 and 3882381. Other
U.S. and foreign patents are pending

SSI surface systems, inc.

P.o. box 9927, saint louis, missouri 63122/(31q) 822-2678

Figure 2
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a quite reproducible temperature-dependent output with a scale of a few tenths

of a volt per degree Celsius. The primary sensors of the SCAN device, i.e.,
for runway surface temperature, permittivity and conductivity, are imbedded in
an epoxy, hockey-puck-shaped disk which is mounted flush with the runway

surface.

The permittivity of the space immediately above the runway surface
is measured with an AC bridge circuit, applied across a proprietary sensor
configuration encapsulated in the sensor. It is reasonably certain that
Figures 3 and 4 provide an adequate representation of the actual sensor
arrangement. A test plate (Pl in Figure 3) is mounted near the runway surface
and above a guard plate (P2). A voltage follower senses the potential on the
test plate and applies the same potential to the guard plate. The capacity
from the test plate to the ground below the sensor and the electric field
in that space is effectively removed by this stratagem. If the guard plate
has the shape of a bowl, as shown in Figure 3, the electric field above the
test plate is substantially vertical and passes through the plane of the
runway surface. The capacity (CAm) of the plate in air or vacuum (in pico

farads) is very approximately

with respect to a charge at infinity, where r is the radius of the plate (in

centimeters).

As shown in Figure 4, a generator of alternating current can be
connected to the test plate (point A) via a small capacitor (CT)' The plate
potential can be measured conveniently at the output of the voltage follower
(point B). If CT is chosen approximately equal to CAw, the voltage out of
the follower is about one-half of the generator voltage (eg), the same as
on the centertap of the bridge next to the equivalent circuit of the sensor
head. An AC voltmeter (shown for simplicity as a bridge rectifier and meter)
would read zero under this condition. If a dielectric material is now heaped

on the test plate, its capacity will increase, because it may be thought of as
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being half immersed in the dielectric. The C

. bridge am having increased,

A
the voltage at B will be less than half of (os). and the meter will indicate

a voltage.

In the SCAN instrument, thin layers of water (dielectric constant,
K = 88 at 0°C, 80 at 20°C) or thicker layers of ice (K = 1.2 to near 80,
depending on water content) or snow (K = 1.0 to those of ice) will cause
equal indications. The capacitance (C2) sensor, by measuring permittivity,
is, therefore, intended to discern the existence, rather than the kind and

condition, of precipitation on the runway surface.

Conductivity, between two slab-shaped stainless steel or Monel 400
electrodes (Figure 5) imbedded in epoxy except on one face that is placed
flush with the runway surtace, is measured with an AC bridge sumilar to that
provided in the National Semiconductor LM 1830 Fluid Detector Integrated
Circuit. Reduced resistance (increased conductivity) between the exposed
stainless steel lines would be expected when the surface is wetted, especially
by an electrolyte. This changeable resistance is compared with a fixed
resistor that may have one of two values, a higher one (27 KN) for the
relatively poorly conducting urea-based electrolytes observed at cirports

or a lower value (10 KA) resistor for use in the chloride-based electrolytes

observed on salted highways. The conductivity of solid ice would be very near

zero, while that of "pure" water would be very low compared to the conductivity

of water containing contaminants such as de-icing chemicals., A voltage
(called C1) that increases with the resistance between the stainless steel
probes appears at the analog output ot this sensor. The conductivity sensor
is obviously intended to provide a measure of the phase and/or condition of

precipitation on the runway surface.

4.2 System Configuration

ldeally, the tour signals derived from the SCAN sensors could be
utilized in the fashion shown in Figure o. Herve each signal, function or

combination of signals, is applied to as many threshold circuits as necessary
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to define a reasonable set of conditions. For an example, one might define a
. simple threshold, at 0°C (32° F) applied to the runway surface temperature (Tg) -

Temperatures above this threshold, a priori, would be expected to be conducive

to melting of frozen water. An excessive negative time rate of change (TS) of

voltage might similarly be detected in order to warn of an impending free:ze,
! or fg might be divided by TS (in °C) and thresholded to warn of the freeze ;

1 only when it is expected in a given time.

The various thresholded, or logic signals corresponding to certain

conditions might then be applied to logic circuits that identify those

combinations of conditions that are of interest to or concern the airport 3
operator. For example, the signal described above as indicating that a freeze
1 is expected in X minutes could be AND-gated with the precipitation signal

and applied to the ALERT display. In this fashion the operator could be

properly warned if a wet runway was about to freeze but would not need to

| 1 concern himself with a drop of temperature through 0°C when the runway is

dry « i

' Finally, the various system states, from sensor outputs to output
[; indications, could be filtered, sampled at certain times, checked for con-

i sistency over a certain interval, or otherwise modified as a function of time.

For example, one might not issue an ALERT until it persists at least for a

minute.

Practically, there are advantages to combining some of the functions

that are shown neatly separated in the scheme of Figure 6. The entire
‘ ' processing sequence soon may be combined in a microprocessor, according to H
| recent indications from Surface Systems, Inc. In the past, as c¢xperience 1
& was gained, various improvements were made to existing circuits and a certain
3 amount of overlapping occurred between analog processing and logic circuits.
i Time dependent processes were, however, largely confined to a separate circuit
segment that drives the output indicators. The current system configuration

is discussed further in following sections.

—_— Ul € Uttt it MR T NP it



4.3 Signal Processing

Surface temperature (Ts) and precipitation (C2) sensors together

would provide fairly adequate indications of runway surface

precipitation reliably melted at 0°C.

However,

the efforts

operators to keep runways clear at subfreezing temperatures

result in complications for the instrument designer. Since

significant difference between the AC electric conductivity

melted precipitation, particularly where electrolytes are present, the surface

condition if
of airport
with chemicals
there is a

of frozen and

conductivity (Cl) measured between the stainless steel slabs (Figure 5)

assumes great importance in deciding whether the runway surface is wet or

ice-covered. Unfortunately, this sensor responds to conditions immediately

above the surface; a sheet of ice above a layer of water is likely to be

treated as water, rather than ice.

In the SCAN 7000 equipment, the surface conductivity (Cl) is

applied to two threshold circuits, one set at the conductivity value that

approximately corresponds to thin slush, i.e., a mixture of water and a

little ice, and one that would be observed in thick slush just about to

freeze. The '"slush" condition (it is not identified as such in the apparatus)

is associated with the ALERT output of SCAN.

An additional subcondition (called "intermediate ice') is defined

in a narrow conductivity region between the '"slush' condition and the low

conductivity of ice. The "intermediate ice' (abbreviated "intermediate"

below) condition may be thought of as a mechanism to distinguish between an

imminent freeze or thaw without measuring a time-rate-of-change; if the

sequence "water", '"slush'", "intermediate", "ice'" is observed, the output moves

along the sequence WET, ALERT, HAZARD.

"slush'", '"water'" is observed, output indications are HAZARD, WET, i.e., the

ALERT state is skipped if "intermediate'" is encountered before 'slush' since

If the sequence "ice', "intermediate",

an "alert" of improving conditions is not believed to be necessary.
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