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The information contained in this report was compiled exclusively for the use
of the Michigan Department of Transportation. Recommendations contained
herein are based upon the research data obtained and the expertise of the re-
searchers, and are not necessarily to be construed as Department policy. No
material contained herein is to be reproduced—wholly or in par{—without the
expressed permission of the Engineer of Materials and Technology.



ACTION PLAN
Engineering Operations Committee
A. Approve report.
R. A. Welke
A. Transmit to the Federal Highwayv Administration.
Maintenance Division

A. Review the findings and implement where warranted, within bud-
getary restrictions.

Materials and Technology Division

A. No further action.




ABSTRACT

The purpose of this project was to evaluate the usefulness and cost
effectiveness of MDOT's pavement surface sensors and pavement fore-
casting system as part of a nationwide FHWA research project. The study
was conducted over two winter seasons and involved six MDOT maintenance
garages. Sensors in bridge decks and pavements were found to be
dependable and cost effective. The pavement forecasting system is
considered useful by some maintenance supervisors but more reliable
and timely information can be obtained from local cable television weather
broadcasts.

INTRODUCTION

The Michigan Department of Transportation (MDOT) began its use
of bridge deck ice sensors in 1983, followed by subscription to & pavement
forecasting service in 1986. Both the sensors and the forecasting service
are products of Surface Systems Inc. (SSI) of St. Louis, Missouri and to-
gether comprise the Weather Information System (WIS) evaluated in this
study.

The pavement sensors are devices about 6 in. in diameter which are
placed in the surfaces of bridge decks or roadway pavements. The units
contain several sensing elements that measure temperature, presence
of moisture, humidity, and dew point and whether or not ice control chem-
icals are present on the surface. All this information is processed elec-
tronically and is continuously available to maintenance operations super-
visors via personal computers (1).

The first sensors were installed in a bridge deck on I 496 over the Grand
River in Lansing. Evaluation of this first set of sensors resulted in a re-
commendation that the Department expand their use (1). This early evalu-
ation was concerned with the accuracy, reliability and durability of the
sensors. The MDOT system of sensors was then expanded to the current
eight locations shown in Figure 1. This research study deals with the
usefulness and cost effectiveness of the WIS (sensors and Scancast) used
in normal winter maintenance operations.

The Michigan Department of Transportation, slong with & number
of other state highway agencies, have installed and evaluated ice detection
and weather forecasting systems in recent years. Most of these evaluations
have addressed the performance of the equipment.

This evaluation was conducted at the request of the Engineer of Main-
tenance as part of Federal Highway Administration (FHWA) Experimental
Project No. 13, "lce Detection and Highway Weather Information Systems,”
initiated by the FHWA in 1988.
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Figure 1. Location of weather information sensors and participating MDOT maintenance
garages.




The Michigan Department of Transportation Winter Maintenance Program

Michigan's total highway network consists of approximately 117,400
miles of highways, streets, and roads. This includes approximately 9,500
miles of state highways, with the remaining miles under county and city
jurisdietion. This network of state highways translates to approximately
13,825 miles of 24-foot wide road surfaces. Although only eight percent
of Michigan's roads fall under state jurisdiction, these roads carry over
50 percent of the total vehicle miles traveled.

Winter Maintenance Operations - Winter maintenance operations for
snow and ice control on the State Trunkline System are carried out by
MDOT forces in 21 counties, while county road commissions perform main-
tenance operations by contract in the remaining 62 counties. Maintenance
contracts are also in place with over 150 cities and villages, although not
all perform winter maintenance (Fig. 2). With the contract agencies,
the work crew and supervision, including foreman and superindendent,
are staffed by the county or municipality. The overall contract adminis-
tration, control of work item budgets, and conformance with Department
policy and maintenance level guidelines are under the supervision of MDOT's
District Operations Engineers. In a typical year, winter maintenance
operations account for approximately 28 percent of the total $106,000,000
spent on road and bridge maintenance. Snow routes range in length from
20 to 45 lane miles. Winter road patrols, including second and third shifts,
are scheduled in snow belt areas where past experience has shown it is
necessary to provide adequate winter maintenance and for general economy
of operations,

Decisions are made during winter storm operations by local garage
foremen and/or the shift supervisors who review the available weather
information along with road and weather conditions and schedule ice con-
trol operations. These are the individuals referred to later as "decision
makers." A maintenance garage staff consists of between 10 and 25 equip-
ment operators available for winter storm operations. The typical garage
has one or more trucks assigned to each snow route and between five
and twelve snow routes per garage. Snow trucks are equipped with under-
body blades and salt/sand hopper boxes. Front-end plows are available
for heavy snowstorms. Graders and loaders are used for pushing back
banks, clearing ramps, parking lots, and emergencies.

Sand and salt/sand mixtures are the primary deicers used in Michigan.
Calcium chloride is occasionally added. Calcium magnesium acetate
(CMA) is used exclusively on twin concrete segmental bridges at Zilwaukee.
Each bridge is over 8000 ft long.

Winter Maintenance Policy - In order to provide adequate winter main-
tenance services and still keep expenditures within or below budgeted
funds, each state trunkline has been placed into one of three winter main-
tenance classifications. These classifications are based on traffic volumes
with each classification being assigned a minimum level of maintenance
service to be provided as a goal during winter storm conditions.
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'Figure 2. MDOT and contract winter maintenance locations.




As 8 general rule, winter maintenance operations begin as soon as
hazardous road conditions develop and maintenance forces can be dispatched
to respond. The first winter event usually occurs in late November or
December with the last winter event usually occurring in April in the
four areas of Michigan involved in this study.

MDOT:s winter maintenance policy calls for the following classifications
and levels of service:

1) Green, 5,000 and over winter Average Daily Traffic (ADT). Provide
maintenance service as appropriate under prevailing weather conditions,
with a goal of providing a pavement surface generally bare of ice and
snow. This work will be accomplished using overtime labor as necessary.

2) Yellow, 2,500 to 5,000 ADT. Provide maintenance services as ap-
propriate under prevailing weather conditions, with a goal of providing
a pavement surface generally bare of ice and snow in the center portion
wide enough for one-wheel track in each direction. Clearing the pavement
bare of ice and snow over its entire width will be accomplished as soon
as reasonably possible without working overtime.

3) Red, 0 to 2,500 winter ADT. Provide maintenance service as appro-
priate under prevailing weather conditions, with a goal of providing a
pavement surface that is passable though snow covered. Clearing the
pavement bare of ice and snow will be accomplished as soon as reasonably
possible without working overtime.

During the winter season, maintenance employees in both direct main-
tenance and contract counties are subject to 24-hour call. As a general
rule, winter operations start as soon as hazardous road conditions develop.
Every effort is made to clear highways of ice and snow prior to peak traffic
periods, especially early morning commuter traffic. Second and third
shifts are scheduled in areas where past experience has shown this to
be necessary to provide a desired level of winter maintenance service.
'This is also an effective way to minimize overtime costs.

Winter Maintenance Equipment - The standard truck is a single-axle
unit with a 6.5 cu yd dump box and an underbody scraper. The trucks
are also outfitted with a drop-in salt-hopper/spreader-box and a detach-
able quick-hitch for the snow plow attachment.

Front plows are normally not used until a storm's snow accumulation
reaches 8 in. or more or severe drifting is encountered. Snow wings are
normally used only on motor graders with the same detachable hitch used
on trucks so the plows can be interchanged.

The Michigan Department of Transportation Weather Information System

Pavement Condition Sensors - The Department has sensors at eight
locations and acquires information from sensors owned by other agencies




at three other sites. Individual sensors are located on bridge decks, bridge
approaches, and approach pavements (subsurface). Sensors are located
in four geographic areas, eastern Saginaw County, the Lansing area, Oakland
County, and the Kalamazoo area (Fig. 1). The pavement sensors give
surface temperature, moisture, and chemical (chloride) concentration,
thus allowing reliable predictions of the presence of frost or ice. Each
of the four geographic areas also has at least one weather station that
supplies air temperature, dew point temperature, humidity, precipitation
(yes/no), wind direction, and wind speed. Each set of sensors has a remote
processing unit (RPU) that transmits data by telephone or radio to one
of four central processing units (CPU) for data storage and retrieval (one
CPU for each geographic area). The Maintenance Division central office
in Lansing can retrieve data from any CPU in the state by telephone.
CPUs can also be called from any location by telephone using portable
lap-top data terminals. These portable terminals are used by garage fore-
men at home or in the office and are a key part of this winter information
system. The Kalamazoo CPU is located at the Kalamazoo airport and
the data are shared with them.

Pavement Forecast Service - The Maintenance Division has a contract
with Surface Systems Inc. to provide forecasts, called Scancasts, of pave-
ment temperature, moisture, plus a weather forecast for each of the four
geographic areas. The 24-hour Scancasts are obtained in the same way
as the pavement sensor data by using portable data terminals. The pic-
torial line and bar graphs provided by the Scancasts are easy for the truck
drivers to read and understand.

Weather Radar - The Capital City Airport in Lansing and the Mainte-
nance Division share ownership of an X-band radar unit at the airport.
Information from the radar, including an area map showing storm move-
ment, color coded by precipitation intensity, can be accessed by personal
computer via telephone at the Lansing area maintenance garages. _

Cable Weather Channel - Television sets have been placed in three
maintenance garages: Kalamazoo, Saginaw eastside, and Grand Ledge
(just west of Lansing). The TVs have been locked onto the weather channel
in order to provide additional weather information.

Weather Systems Costs - The capital investment by the Michigan De-
partment of Transportation over the past decade in 1990 dollars is approxi-
mately $400,000. The installation of the weather channel information
including the television and cable hook-up has cost about $1,000 per site.
The total cost for the Scancast pavement forecast is about $9,000 per
year. The maintenance of the pavement sensors and weather radar have
run about $20,000 per year for parts and labor (including the consultant's
repair technicians and in-house labor).




EVALUATION OF THE WEATHER INFORMATION SYSTEM

This evaluation was conducted in accordance with the FHWA's Evalu-
ation Work Plan for Experimental Project No. 13. According to this work
plan the evaluation was to be based on information from five sources.

A Winter Maintenance Event Form (WME)

Winter Maintenance Activity Cost Forms

Site Information Forms

Accident records _
Newspaper, maintenance crew, or police reports on motorists delays

O e Qo b
c e & s .

The two-year evaluation of MDOT weather information systems des-
cribed in this report was conducted in conformance with the FHWA work
plan requirements as nearly as possible.

Results After the First Winter (1989-1894%)

Five MDOT maintenance garages were involved during the first winter
season of the study, Grand Ledge, Kalamazoo, Mason, Paw Paw, and Saginaw
eastside. The evaluation after the first winter was based on the information
reported on the Winter Maintenance Forms (Appendix, Fig. Al) along
with interviews with the decision makers and other key personnel in the
winter maintenance areas using the Weather Information Systems.

WME forms were to be filled out and submitted by the decision makers
for each event (i.e., storm) which required winter maintenance activities
to correct hazardous road conditions. The WME form included entries
that would show whether or not the various weather information sources
were used in deciding what action to take.

A review of the WME forms indicated some problems in getting the
forms filled out correctly. Information reported on these event forms
also showed some problems with the reliability of the Weather Information
System equipment (i.e., sensors, Scancast, and radar). The sensors and
the radar required frequent maintenance during the first season of this
evaluation.

The Weather Information System was used in decision making during
storm events over the 1989-90 winter season and results are summarized
in Table 1. Information in this table was taken from the Winter Mainte-
nance Event Forms as submitted by the decision makers at the five parti-
cipating garages.

Examination of Table 1 revealed some apparent discrepancies and
suggested that some corrective actions were needed before the next winter.
The first discrepancy involved the reliability of the Weather Information
Service components. Of the 95 events reported, the equipment provided




- TABLE 1
INFORMATION SOURCES REPORTED BY DECISION MAKERS

AS INFLUENCING WINTER STORM OPERATIONS

Weather Information S8ystems Used Equipment Failures WIS
No. of ” Traditional Man- Use,
Gerage Events ore Methods* hours | percent

Reported | Sensors | Scancast | Redar | Than Sensors |Scancast | Saved

of Events
One

Reported

Grand Ledge 21 1 1 0 1 18 2 1 — 4.7
Kalamazoo 32 12 22 0 12 17 6 0 612 68.8
Mason 24 12 1 1 0 18 1 0 4 58.3
Paw Paw g 4 4 0 4 4 5 4} — 44.4
Saginaw § 4 [ 4 ] 5 4 3 — i]

*Qther observations, phone calls, radic/TV, police

information to the decision makers 58 times but were reported to be mal-
functioning 21 times (22 percent). Usage reported by each garage ranged
from 68.8 percent of events at Kalamazoo down to 0 percent at Saginaw
eastside. Equipment failure plagued the Saginaw garage throughout the
season. Early failures may have discouraged any further reporting by
the decision makers.

Interviews, however, with personnel from the garage, indicate they
are gble to minimize the amount of CMA needed on the Zilwaukee Bridge
because of sensor information. The Saginaw eastside garage maintains
the Zilwaukee Bridge which opened in 1987 and has carried more than
27 million vehicles without any traffic tie-ups, closures or congestion.
The two spans are kept free of ice and snow through the use of calcium
magnesium acetate (no salt has ever been permitted on the bridges) along
with appropriate mechanical removal equipment dedicated for that bridge.

A second concern involved the disparity in the number of storm events
reported (WMEs submitted) with Kalamazoo reporting 32 events while
Paw Paw {only 13 miles west of Kalamazoo) reported only nine events,
the same as Saginaw. From past experience in evaluating ice controi
measures, the number of winter storm events usually ranges from 20 to
30 during a winter season. It might seem that WME forms were not sub~
mitted for every storm at some of the garages. '

Finally, only two garages reported a savings in manpower, with one
reporting 616 hours saved and the other four hours. No other savings
were reported. It seemed advisable to relieve the burden of figuring these
daily costs from the decision makers who, as a first priority, supervise
the normal maintenance garage activities as well as direct ice control
operations.

Use of the System - Decision makers use of the Weather Information System
was apparently influenced by the reliability of the components of the
system as well as by the attitude of the decision maker about the need
for supplemental information. The degree to which decision makers rely
on the systems varies with the individuals involved as well as each storm
situation. At one garage, the foreman carried his lap-top data terminal




wherever he went, bringing it home at night and on weekends. His deci-
sions were greatly influenced by information obtained in advance of the
storms. Other foremen, however, availed themselves of the system's
information after they arrived on duty at the garage. The first approach
can be quite beneficial in situations where application of chemicals prior
to the storm is appropriate. Wet, heavy snowfall with predicted accumu-
lations which could result in a snow pack of several inches would be one
example. Experience at the Zilwaukee Bridge has shown that pre-storm
application of calcium magnesium acetate is essential to effective and
efficient use of this expensive deicing material.

Second Winter Results (1996-1991)

During the second winter the following four garages participated in
the study, Grand Ledge, Kalamazoo, Saginaw eastside, and Williamston.
These changes were made because of supervisory changes at several garages.
The Winter Maintenance Event Forms were revised for this second winter
in an attempt to make it easier to estimate savings and to provide more
positive responses regarding the usefulness of the several information
sources. The revised WME form is shown in the Appendix (Fig. A2).

Responses reported on the WME forms from each of the four garages
are summarized in Table 2. Examination of Table 2 shows a wide disparity
in the number of storms reported with Williamston reporting only five
events, Grand Ledge eight, and Kalamazoo and Saginaw eastside each
reporting 13 events. Of the 39 events reported by the four garages, only
two were reported by all four parages while seven events were reported
by two garages. Seventeen storms, however, were reported by individual
garages, all on different days.

Information provided in Table 2 shows a significant savings in salt
and working hours. Using the lesser value for each entry, the total savings
in salt for the five garages was 302 tons (about $8,000). Total savings
amounted to $99,800, including 385 manhours as well as operating costs -
for snow removal equipment. These savings are probably on the low side
since there is an indication that not all storms resulted in WME forms
being submitted. Snowfall records by the National Climatic Data Center
show that there were 75 different days during the 1990-91 winter when
a trace or more of snow was recorded for the sreas of Michigan that in-
cluded the four garages. Most of these snowfalls were reported for more
than one garage area so that a total of 243 snowfall days occurred at
“the four garages. From these 243 snowfall days, a total of 39 WME forms
were submitted as summarized in Table 3.

Decision makers' interest in participating in this study seemed to
diminish significantly as shown in Table 3. During December 1980, a total
of 20 WME forms were submitted covering 54 snowfall days (37 percent)
while during February and March 1891 only 7 WME forms resulted from
100 snowfall days (7 percent). It is expected that not every snowfall day
would require maintenance. The higher ratios, however, of WME forms
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TABLE 3
SUMMARY OF SNOWFALL DAYS AND WINTER
MAINTENANCE EVENT REPORTS

Grand Ledge Kalamazoo Saginaw eastside] Williamston

Month Snowfall | WME | Snowfall | WME | Snowfall | WME |Snowfall |WME

Days Days Days Days Days Days Days Days
December 1990 14 4 14 6 12 9 14 1
January 1991 25 4 16 3 23 1 25 4
February 1991 i4 0 12 4 13 1 14 0
March 1991 14 0 7 0 12 2 14 0

to snowfall days during December from Saginaw and Kalamazoo (75 and
43 percent respectively) probably indicate a realistic level of maintenance
activity. Quite likely the weather information systems were used
consistently throughout the winter by all garages even though not always
reported by WME forms.

In addition to data obtained from the WME forms, decision makers
were interviewed at each garage at the end of the second winter season.
The interviews provided an opportunity for the users of the systems to
state their opinions and experiences in an open and informal manner that
could not be achieved with questionnaires or event forms. The opinions
and experiences of the decision makers seemed to be similar for the four
garages and are summarized as follows concerning the various components
of the weather information and communications system used by MDOT.

Pavement and Bridge Deck Sensors - These sensors are felt to be the most
useful of the weather information devices. Sensor information reduces
or eliminates road patrols and the history page (which displays the last
15 significant changes in readings for each sensor) can thus indicate to
the supervisor what his crews have been deing.

Scancast - There was no consensus on the usefulness of Scancast. At
one garage it was felt to be as useful as the sensors while at others it
was not used very much or was deemed to be inaccurate especially when
compared with information from the local cable TV weather channel.
Morning Scancast updates were often late, arriving at mid-day and too
late to be helpful in planning the day's activities.

The radar installation at Kalamazoo never worked properly and was
dismantled shortly after the project started. "Scrap it!" was the comment
about the usefulness of the radar at Lansing. The local cable TV weather
channel was usually cited as a more reliable source of information.

The interviews revealed the importance of cable TV weather channels
along with a need for more sensors at certain locations.

- 11 -




Decision makers in each garage named several locations where additional
pavement sensors could provide valuable and timely information. Several
suggested locations are sections of highways known to ice-up or accumulate
snow pack early in a storm. Major interchanges and extremities of areas
of responsibility were also named as needing sensors.

The MDOT mobile radio system is also a vital part of winter storm
operations. Drivers as well as supervisors can monitor a storm's progress
and hear what actions work (or don't work) through the talk of drivers
in other areas.

In summary, the interviews showed the sensors to be extremely valu-
able with a need for more to be installed. Scancast is of questionable
value especially when & cable TV weather channel is available. The radar
systems (those available at the start of this evaluation) were of little
Or No use.

Accident Information

Accident records for the garages and their individual routes are sum-
marized in Table 4 with more detailed accident and traffic data included

TABLE 4
SUMMARIZED ACCIDENT DATA
Ice Ice Related,
Garage Tota} Related | percent of total

p

) o Grand Ledge 526 2 0.4

E ® Kalamazoo 832 2 0.2

E~ | Saginaw E.S. 492 0 0

w2 Williamston 478 2 0.4
L B
(‘

52 Grand Ledpe 735 255 4.7

24 Kalamazoo 636 331 52.0

=2 Saginaw E.S. 610 270 44.3
u — | Williamston 666 248 37.2
{5 Grand Ledge 589 2 0.3

E2 | Kalamazoo 918 0 0

E% | Saginaw E.S. 516 0 0

n Williamston 432 0 0
P

5o | Grand Ledge 631 181 28.7

4 | Kalamazoo 915 243 26.6

=S | Saginaw E.S. 376 125 33.2

— | Williamston 475 129 27.2

.
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in the Appendix. The accident information is broken into two time intervals,
November through April for the winter season and, May through October
as a comparable non-icy season. This accident data was obtained from
MDOT's Traffic and Safety Division and shows a decrease in the proportion
of ice related accidents during the second season of the evaluation. Equip-
ment problems seem to have been resolved by the second season and per-
haps increased the effectiveness of both the sensors and Scancast.

CONCLUSIONS

Information obtained from the Winter Maintenance Event forms and
from discussions with decision makers during this study justify the following
conclusions regarding the weather information systems.

1) The pavement ice secnsors are effective and provide information
resulting in savings of deicing chemicals and labor. Supervisors at each

garage provided a list of locations where additional sensors would be bene-
ficial. '

~2) Scancast weather forecast information is also useful but not as
effective as the pavement sensors which give actual current conditions.
Scancast was not regularly used at all garages.

The pavement sensors provide information for decision making and
are more reliable and timely than Scancast.

. 3) Weather radar at the local airports was unreliable and was not
used by any of the garages.

4) Cable television weather channels are effective and useful in giving
advance forecasts and are used by all garages where available.

REFERENCES

1. Spica, F. M., "SCAN 16 - Moisture, Frost, Ice Early Warning
System (Flnal Report)," Michigan Department of Transportatlon,
Research Report No. R-1252, October 1984.
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FHWA-EP-13

WINTER MAINTENANCE EVENT FORM

Iocation Code:
Decisionmaker:

Form Date:

GENERAL EVENT INFORMATION

Beginning Date:
Notification Method:

Beginning Time:

Type of weather or highway/bridge pavement conditions: (circle one)

Frost Patchy Ice

Light Snow

Heavy Snow

Rain/Sleet

Other:

Snow Squall

Ending Date:

Ending Time:

Inches of precipitation:

Maintenance Response/Activities

Mobilization
Start Time:
Ending Time:
No. of Units:

Patroling
Start Time:
Ending Time:
No. of Units:

Spot Sanding
Start Time:
Ending Time:
No. of Units:
Tons of Sand:

Snow Plowing
Start Time:
Ending Time:
No. of Units:

Spreading Chemicals & Abrasives Other
Start Time: Description:
Ending Time:
No. of Units:
Material Used: Start Time:
Application Rate: Ending Time:
Total No. of Applications: No. of Units:

False Alarm Standby

Start Time:
Ending Time:
No. of Units:

Start Time:
Ending Time:
No. of Units:

Effects of Ice/Weather Information System on Decisionmaking

Comments:

Hours Saved

Activity Reg

Prem

Figure Al. Winter Maintenance Event Form used in the first season (1989-1990).

-17 -




(166 1-0661) UOSEBIS pUODAS 2y} SULINp PAsN WJIo] JUBAY wuam.nwa:_mz I9JUIM *ZV 2dndij

Jd-3ABQUTM 20Jad Horp  tUllY
6068Y uebryatw . ‘Pursue]

6Y00E xog *0°d

UoTstTATq AbBoTouydar puer sTeTIa3EH

103 Aryesarq wioy sTYd TTEH

ipopracad jseouess ayl- 3eYIY A0 ‘sJosuas
juswaard ‘Iepex Jsyjwen Y} IJeUI s3TJeuag JIaylzoc Aue 2.I3Y]) B8I8y

oN 58y
{SMBID Inok wnly Io30e] TROTHSLD
I0 srnjexsdwusy 20v7ans 10y 3ssnpal  Aue aaTeosx nof pTd
oH s9x
M Jseauess
ao SI0SU8s Jusweaed agpea Isyjlesm a8yl uUo paseq JIJIUS
s,ueutoxjed jubru Byl Jo pus Io0 3Ie3S =13 Ia31R nak prg
oN Sax
FA Jseoaacy juswsard jseoueos Jo ¢

s1osuss Juswsaed aepex Jsyjiess ayl Aq pearrddns uoriemIOIUT
Jo 3INSeI B se sinoy Buryiom uazIoys Xo puajxa nLok PId

T80 *SIH 0Z-9T

"8IH ST-1T1 "SIH 0T-9

"SaH S$-1

i2aeS NoA pTp suoTiexado Jajulsa Uo Sanoy BUTYIos Ausud MCH

I8YJ0 SuUoL 0Z-9T

SUoL ST1-TT suclL 0I-9 SuoL s-1

¢9AES NoA PIP 3TeS yonw aoy ‘Asucu Aue paases nok 31

a1qeor1ddy 30N ON S8x

fWX03s sTY3 ur Asucw fue saes

asenslIcy Juausaased
3seauens Io 4 siosuas juawasaed

aepea Isyjlesm 3Y3z pra

s8T}TAT1OY /esucdsay acuBUalUTRN

tuoTaraTdronad Jo sayoul

ieuty buypum ia3eq butpuzg

dua}, ITY *dwa], juswuaased
"WIol}s IY3 Jo pud Y3 v
sduwat, ITY *dwa] juswaaed
TEIO}S @Y} JO JaARIS 8yl Jy¥
mous Lavay nousg IyubTI
11enbg aoug 3ea1s/urey 221 Ayojeg 38014

{suc a1DXTD} -suor3zTpuod Juwwsaed 26pTaq/AesybIy lo asyzeam Jo adil

£3UsA® ISJUTH STUY JO Nok pojIale as5Inos UOTRRUIOIUT Jaljeam JeUM

Ty, Butuutbeg ieyeq butuuibeg

UOTIRUIOIUT JUsAT JASJUTM [EIBUSD

1xostazedng 3ITYS A0 UrWBIO

tebeaen

WHOS INIAT FTONYNHINIVH YaLNIA

-1i8 -



"SUOL}O3S |043U0D {BNPLALPUL 404 §,](QY Bulbedase AQ paulWialap ses |QY JIVHIAV ILNOY 0661 ¥ 6861,

-19 -

b19°02 659°02 T A 0 b 9¢ 29 0 of 6L -0°0 T0TEL  §19-1
yT €2 0  9¢ 61 #E 0  ¥€ - I't - 00 2l1EL
AR Z 0 9/ 9t 61 0 O I'6 -00 IT1EL
L16°2¥ G818 2 69 0 26 8 1 0 €6 §°0T - 070 1418 GL-1
288°S 859 2 € 0 € 0 0 0 ¢ 6'T -0°0 IE€1EL  ¥5-M
01 #I 0 8y ¥E 66 0 £ S¥l - 6°1 1€1€L
1489 vi5¢L ARA 0 ¥E v 82 0 o 1’2 - 00 [21€L  €8-W
IST¢L ¥26°G 8 €t 0  9¢ vl G¢ 0 1z 8°0[ - 0°0 1808  I8-W
- T € 0 G 1 2 0 ¢ €T -00 14061
168° ¢ 0£9°¢ 8L 69 0 00T G2 8f 0 001 S€l - 072 £90€/ 9% -W
2 b 0 8 2 €I 0 6 [°Z - 00 1£060
0 ¢ 0 € 2 ¥ 0 € 5L - 0% 160€/
915°8 5662 £ 1Ip 0 £t 0T 9f 0 It 6°%1 - 0°0 1506  €1-W
A1 | 1oL ADT | 1oL A1 | 1oL A1 | 1oL
Ly 1av .
9AY 114 9AY 314 16/05/40 06/1€/01 06/0E/%0 68/1£/01 SINIOIW | # °S7D | # 11
(0661 16861 06/10/11 06/10/50 68/10/11 68/10/50

SINJOIDIV G3LYTIY ADI-AMONS ONV SIN3IQIJOV TvIOL (3GIS 1S¥A) MUNIIVS

600 # HaV
1661 ‘I ¥380120
LINNGNS ViVa JT44Vdl ONY iN3ATO3V
L1TNN S3DTAY3S TWIINHIAL
NOISTALQ ALIAVS GNV 3144Vl



"SU011085 {043U0D |ENPLALPUL 403 S,1Qy Bulbeuare Ag pautwaalop seM 1QY 39VH3AY ILN0OY 0661 % 6861,

(*d4Q wnipeis)

- 20 -

01822 Gv922 8 9¢ 0 ve 8 £g 0 0 9°0 - 0°0 . I¥y06f 119b6-1
101°21 81811 9 Z€ 0 1€ . 0l 1f 0 82 82 - 00 1216€ 19¥6-1
001 881 0 901 96 91 0 6 $'IT - 0°0 2206€
¢ €11 0 ¥01 s ¢l 0 66 £6 -0°0 #206¢
2eL°9g 066 °2¢ 2 ¥ 0 9 v Sl 0 1 §°0T - §°6 2008 p6-1
(72 8 0 L SE 26 I 6t 89 - 00 #106€
1 02 0 12 Z1  1¢ 0 92 9°9 - 0°0 £106€
12402 019°12 g /£ 0 6 A 0 6E 0°6 -0°0 I106€ 1€1-SN
9 52 0 02 £ 61 0 02 0°6 -0°0 [£06¢€
62101 G8I°T1 1 021 0 ovl FA I YA I 8yl 26 -0°0 2106¢€ 96-W
81 26 0 121 81 III 0 16 08 -2°1 2806€
LL0°L1 6ET°91 0¢ 991 0 212 8¢ 681 1 L61 08 -00 1806¢ €b-W
. A1 | 10k AJI | 101 AJI | 101 AL | 1oL
av Lav cen
DAY 314 IVEETR 16/05/%0 06/1€/0T 06/0€/40 68/1£/01 SINIOAAIA | # °S7D | # 1W
| 0661 6861 06/10/11 06/10/50 68/10/11 68/10/50

SINIAIJIV (ILVIIH ADI-AMONS ONV SIN3QIDOV V101 00ZVWY VA

600 # MV
1661 ‘11 Y3400
LINNANS VIVA 2144VH1-ONY INIQLIIDV
LINA STDTAYAS TWIINHDAL
NOISIAIQ ALIJVS ONV J144wdl



"SUOL}03S |043U0D |BNPLALPUL W04 S, 1V Bulbedane Aq pauluwdalap sem 1qY 39VIAY ILN0Y 0661 % 6861,

€458 9/2 01 § LI 0 12 0 8l 0 91 0¥ - 0°0 12061 1996-1
10v°81  £06°GT 62 €9 0 ¥2 €2 €9 0 8l 9°6 - 0°0 E406T  69-I
ol 61 0 [z 91  2¢ 0 €I I'2 -0°0 ¥80EE
I 6l 0 I2 9z  6¢ 0 I L€ - 0°0 £80EE
8 /I 0 12 LT 62 0 6 8’2 - 00 151€2
§Z €5 0 ¥ W oL 0 6 ['9 -0°0 251€2
859‘vZ2  90L°0¢ 91 8 0 €€ 2 49 I S 0°01 - 0°0 22061 96-1
0 ¥ 0 ¢ I 9 0 S 0’z -00 11061
9 &€ 0 8t 21 9% 0t £2¢ - 00 2L0€2
STLYL 18£°L 61 2v 0 12 8l ¥ 0 ¥ '8 -0°0 1£0€2  00T-W
0l 6% 0 b 6 Ib 0 25 'l -0°0 190€€
9¢  1£2 Z  1ee 8¢  T£2 I S6l 0°L - 0°0 2r0€2
9 62 0 8 92  §§ 0 25 19T - 0°0 1v0€2
L2yit 091°12 0 S 0 2 0 ¢ 0 0 €T - 00 26062 €W
AL | 101 A1 | 101 A1 | 1oL A1 101
Lav 10V SINIOdITIN | # °$°3 | # 31¥
DAV 314 SAY 31¥ 16/0€/¥0 06/1€/01 06/0€/%0 68/1€/01
| 0661 6861 06/10/11 06/10/50 68/10/11 68/10/50

SINIAIIIV QILVIIY ADI-AMONS OGNV SINIQIDIV TVLOL 39037 ONVYHI

600 # yav
1661 “IT ¥380120
LINNSNS VIVQ JId4vil ONV IN3AIDDV
LINN SADTAYIS TWIINHOAL
NOISIAIQ ALIAVS ONV IIddwil

- 2] -



"SUOLIDBS |043U0D [RNPLALPUL 40y 5,1y Buibessre Aq pautwiaiep sem 1qy I9VYIAY ILOON 0661 % 6861

81 8§ 0 1§ €€ 6/ 0 09 88 - 00 990/
b L 0 ¥ 6 12 0 SI L'z - 00 580€¢
681 ‘9¢ 061°GE 9§ /11 0 L9 L6 191 2 18 941 - 172 P8OSE  96-1
(69-1 dws) plo)
002°€ 00Z2‘€ b A 0 8l ST 62 A 62 -0°0 1¥861 8/-W
¥6¢£°81 225tz IT £t 0 ST 7T 0 z2 08 - 00 2b061 69-1
2 0l 0 §I v 8l 0 91 'l -0°0 14061
019°91 0£2¢1 AR Y, 0 91 g 12 0 12 0'¢ - 82 £V0EE  1969-1
I % .0 2 € 6 0 6 6°€ - 00 1204+
£66°1 288°1 2§ 0 ! 2 3 0 9 0'¢ -0°0 2/0€€  90T-W
0 ¢ 0§ £/ 0 9 8t -0°0 Tv0LY
02L°% 59¢‘y 0 I 0 € 0 € 0 0 602 - £°L1 [20£€  9¢-H
€ 8 0 I Z 21 6 2 6'8 - 0°¢ 1S0EE
0 0 0 £ 0 5 0 1 €L -0°0 260€€
0 § 0 ¥ € 6 0 8 LTI - 81 120E€
S81°Y GGh'E |G 0 8 £ b2 0 II 9°9 - 1-2 I60€E  25-W
I ¢ 0 9 0 90 0 I 0°2 - 0°0 150€€
SLE°TT 816 ¥2  $91 0 061 St 912 0 181 ¥°ST - §°2 280£€  £p-W
Adr| 1oL | Adifio0L AJE| 10L AJ1 | 1oL
1av 1av cee
9AV 31 9AV 314 16/0€/40 06/1£/01 06/05/50 68/1£/01 SINIOdITIW | # °S°D | # 24
L0661 6861 06/10/11 06/10/50 68/10/11 68/10/50

SINAQIJIV GIVIIY ADI-AMONS ONV SINIQIJIV TVIOL NOLSHYITIIA

600 # ¥OV
1661 ‘1T ¥380190
LINAENS VIVA T44ViL ONY LNIQIDOV
LINR STDTAYIS TWIINHIIL
NOISIAIQ ALIIVS ONV D144VdL

- 922 _



