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1.0 INTRODUCT.I_QN_. 

l.l Qbjectives 
The objectives for the second year of the Current Meter Comparison Study 
were twofold. Firstly the study team was to assist and participate in the 
selection of a means of replacing the depleted inventory of operational _ 

hydro-mechanical_current meters. A second objective was to establish under- 
standing and confidence in water current measurement technology, with particular 
emphasis on solid state sensors. The following report partially meets these 

.

1 objectives. Y
_ 

58¢ti°0 2-0 describes the state—of-the-art as we reviewed it at CCIW.
' 

Historically, the CCIH has measured water current in lakes by using self- 
recording current meters moored in situ. The inventory of meters has suffered 
from attrition due to loss, damage and failures which could not be repaired 
economically. This subject is discussed further in Section 3.0 

Section 4.0 outlines a history of experience with a specific brand of a solid- 
state current meter, 

_ 

- 

_

~ 

l.2 Chronology - 

The Current Meter Comparison Study started mid fiscal year 1976. The first 
activity was to implement a current measurement systems comparison experiment 
at the WAVES platform in February and March of l977. The follow on work, 
to reduce and evaulate the data collected is sumarized in Section 5.0 
Section 6.0 gives a compressed data base for future design reference. This 
data base outlines the present and future scientific needs in current meter 
technology. 

Recommendations for continuing studies are given in Section 7.0

\



-2- 

Executive Summary
_ 

This report describes an accumulation of experience with a variety of 
current measurement systems over the period l973 to l979. It forms a 
record of our piecemeal understanding of the general and specific 
problems of measuring water current. Consequently, the scope and 
volume of information included make the report unwieldy. To ease the 
burden on the reader this summary has been added to the introduction. 
Comments in the summary should be reviewed in the context of the original 
section if they should seem to be severe or vague. s

' 

The review of current measurement technology included in Section 2 
surveys briefly the state of the art as it applies to water current 
measurement in inland water studies. The requirements for measurements 
in more dynamic zones and for reduced sensitivity to fouling have led 
to both new hydromechanical sensor and solid state sensor developments. 
No sensor type can offer uniform directional response, good linearity 
and low threshold in the optimum mix to make it the ideal low cost, low 
power, universally applicable instrument. Hydromechanical sensors are 
intrinsically nonlinear, suffer from fouling and stiction, and may be 
sensitive to inertial coupling. Electromagnetic sensors are vulnerable 
to system integration errors, may suffer from external electromagnetic 
interference, and suffer from the uncertainties of measuring flow in their 
own boundary layer. Electroacoustic sensors are vulnerable to fouling 
and to the influence of subresonant bubbles on the speed of sound. 
The tradition of Eulerian water current measurements has been to use 
hydro-mechanical sensors. NWRI has a large inventory of Plessey and 
Geodyne current meters. Section 3 reviews the rationale for the re- ’ 

building of a portion of the Plessey inventory. The difficulties ene
_ 

countered in that program are not reported here. Efforts to improve the 
performance of the Plessey meters have continued. 
NWRI experience with electromagnetic current sensors has included more 
than twelve measurement trials, each with more than one sensor deployed.
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The data return from these trials has been disappointing. These missions 
and the results of a number of laboratory trials are summarized in 
Section 4. Consultation with the manufacturer and laboratory testing 
demonstrated that most of the measurement difficulties with electro- 
magnetic current sensors at NWRI arose from incorrect system grounding 
arrangements and subtle system power supply impedance problems. The 
provision of utility power line independent, capacitively decoupled 
battery supplies, and the use of synchronized sensors for multiple sensor 
systems have improved the systematic performance of the sensors. An 
attempted application at the NWRI Littoral Drift experiment was un- ' 

successful. It is presumed that interference from the EHV power 
corridor was responsible, however, the testing to confirm the nature 
of the problem has not been undertaken. Test data indicate that the 
sensors may be used in water with conductivity greater than l00 uS. 
Application of these sensors has been hampered by the problem of inter- 
"ference of the tow carriage electrical system on the operation of the 
sensors at speeds less than 20 cm.s-1. 

The Current Meter Comparison Study of l977 undertook to compare a 
number of CCIW instruments in a field experiment in the period of 
February to March l977. The subsequent investigations of the data col- 
lected by the CATS systems in this study played a large role in the 
improvement of our understanding of the performance of the CATS systems 
specificallygand the characteristics of the electromagnetic current 
sensors in particular. The experiment was based on the WAVES Platform, 
an NWRI facility located in Southwestern Lake Ontario in l2 metre water 
depth. Eleven systems or meters were installed at three depths for most 
of the period with two brief installations of the KVAPS system. Plessey 
and Aanderaa instruments were deployed at 5 m along with WAVES electro- 
magnetic current sensor, a CATS (2) sensor and K VAPS. Two Plessey 
meters were deployed at 3 m. The two CATS systems were on thee1ake.bed. 

The data return from the experiment was disappointing. The Plessey 
meters suffered battery failures. The Aanderaa meters were improperly 
prepared and lost their rotors. Access to the site and intensive diver 
operations necessary proved difficult under winter conditions.
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The details of the experiment, and the resulting data set are dis- 

cussed in Section 5. Time series comparisons and statistical 

sumaries are provided for four flow cases. The data show evidence 

of rotor overspeeding in the presence of wave motion for the shal- 

lowest Plessey M0-2l meters and the Aanderaa meters relative to the 

other instruments. The Plessey 9021 showed lower speeds than the 

adjacent M0-21 meters -- which may be consistent with better hydro- 

dynamic design. The 902l showed poor compass performance due to 

limited gimbal range. T 

More recent work in support of CATS system developments has shown 

that the Plessey M0-2l current meters are not reliable with mean 

speeds less than 7 or 8 cm.s- in estimating the mean speed relative 

to the CATS system, but that the directional performance was good 
in low mean speeds in the absence of orbital motion. 

The comparison experiments have shown the difficulty in planning and 

mounting a field comparison experiment that produces results bearing 
on the scientific measurement requirements. This work, along with 
a paper by J. McCullough (WHOI) inspired a polling of the CCIW scien- 
tists with regard to their perception of the scientific requirements 
for water current measurements in terms that would be useful to in- 

strumentation engineers. The results of the poll were cast into a 

form which emphasizes the influence of wave orbital motion on the 
mean current estimate. This form is also applied in Section 6 to 

describe the performance of specific current measurement systems. It 

is apparent from these displays that near surface and near shore 
current measurement requirements demand instrument performance char- 
acteristics for which there is" very little supporting analysis 
or test data available. Several of the most common instruments are 
represented with performance characteristics based largely on con- 
jecture. 

Resolving this scarcity of analysis and data for specific instruments 
is only the first step in improving our understanding of current



-5- 

measurement systems. Existing data sets may be scrutinized for 
evidence of non-ideal measurement performance. The analysis of

A 

measurement systems with a view to their sensitivity to specific 
characteristics which may not be well defined, or easily determined 
is important to this work. Special system measurements may require 
improvements to existing facilities, or new facilities. These 
recommendations are collected in Section 7. 

Five appendices are attached to the report to provide more infor- 
mation regarding solid state current sensors, and to elaborate on 
the system view of water current measurement.

/

\
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2.0 REVIEW OF CURRENT MEASUREMENT TECHNOLOGY
V 

As stated in Appendix III the performance of the current measurement system 
is crucial to final estimate of the currents measured. Reviews of the 
relevant measurement technology exist which explore the state-of+the—art, 
or the claimed performance for the sensors/current measurement subsystems. 
The corresponding system level reviews do not exist apart from reports of 
field comparison experiments due to the diversity of methods, instruments and 
natural conditions to be studied. The discussion which follows in this section 
will highlight briefly the principles of the technology and discuss its 

' 

a

1 limitations and assets as a measurement method.

/ 
2.1. Hydromechanical Sensors

_ 

The term hydromechanical sensor is intended to describe the class of 
water current sensors/subsystems which rely on the hydrodynamical inter- 
action of the flow field with some mechanical object to effect sensing. 
Examples are impellor devices (e.g. Plessey), rotor devices (e.g. Aanderaa) 
drag devices (e.g. General Oceanics), vortex shedding (e.g. J-Tec). As 
a class, all such sensors suffer (more or less) from nonlinear dynamic 
speed and direction sensing characteristics whose temporal responses may 
or may not be well matched. ‘ 

In a dynamic flow field (i.e., oscillating or reversing current at ar- 
bitrary angle to mean current) such a sensor, depending on other system 
characteristics may overspeed in the presence of waves and indicate 
anomalous mean current directions, To apply such sensors it is necessary 
to avoid flow regimes where these errors are unacceptable and to con- 

_ 

strain the system design to minimize the influence of non-local effects 
on the measurement. An example of the latter is wave coupling via a 
surface float to the mooring line, 

Hydromechanical sensors are particularly vulnerable to fouling and sub: 
sequent loss of calibration or failure. However, they offer simplicity, 
relatively low cost per instrument, low power consumption, and relatively 
rugged construction. They exhibit threshold behaviour which limits the 
dynamic range and sensing linearity ~ but the simple information that the 
mean flows are below some threshold at certain times is in itself useful 
data for many studies.
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Electromagnetic Sensors ‘ 

Electromagnetic current sensors function by sensing the potential induced 
when the conductive fluid moves relative to a magnetic field. Devices 
exist which use the vertical component of the earth's magnetic field 
as well as others which generate their own field. Of the latter, it is 
most common to sense the potentials from a housing containing a solenoid 
coil. This offers the advantages of a rugged compact sensing probe with 
the penalty that the measurement is made in the hydrodynamic boundary 
layer of the device. Consequently the speed response characteristic is 
nonlinear as the boundary layer characteristics change with the onset of 
turbulence. As an example the Marsh McBirney M552 (spherical? class of

1 sensors would be typically +1 cm.s'1 at full scale (250 cm.s’ ) -3 cm.s- 
_1 

. _ at 30 — 35 cm.s yet overall within their specification of 2% of reading OP 
:2 cm.s_1.* The alternative to the "probe type“ sensor is the Helmholtz 
coil configuration. The physical complexity of such sensors is presumably 
the reason for the lack of examples of field instruments. 

Apart from their hydrodynamic limitations, the electromagnetic current 
sensors are limited in their performance by the nature of the sensing 
principle. The high impedance front end circuits sense the induced 
potentials via electrodes. Electrode 'El8¢tP0chemistry is apparently 
a sufficiently difficult subject that further improvement in sensing 
performance may require additional expertise in this field. Such sensors 
suffer from zero offset instability with resulting large uncertainties implied 
in low speed measurements. They also are sensitive to grounding tech- 
niques and external electromagnetic influence. They offer fast temporal 
response, convenient hydrodynamic design and reasonable cost. They 
typically require one watt of power and are consequently 
expensive to deploy for long periods with a self-contained power supply. 

Electroacoustic.Sensors 

The propogation of sound in fluids is applied to accomplish diverse 
measurement objectives. At low Mach numbers it offers several effective 

* Personal communication from J. Darby
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alternatives to sense fluid flow. This may be done locally - i.e., 
between electroacoustic transducers or remotely. The former may be 
done using the differential propogation delay (phase or time) between 
upstream and downstream paths. The remote sensing technique utilizes 
acoustic backscatter from inhomogeneities in the medium and senses the 
doppler shift associated with the natural tracer velocity relative to 
the instrument. . - 

Phase or time delay instruments require complex electronics to measure 
the very small differential delays associated with low flow speeds cor- 
responding to extremely small Mach numbers. Instruments exist which sue? _ 

cesfully sense these differences down tola few parts per million cor-
_ 

respgnding to 5peed_resolutions of mm.s' . The speed of sound determines the 
.sensitivity of most sensor designs and hence the flow siunal must be compen- 
sated for sound speed variability. These instruments are sensitive to 
fouling as well as to bubbles in the medium. They are of limited utility 
in the wave zone or where fouling or aeration are probable. 

The sensitivity and speed of response of these instruments are sufficient 
that the hydrodynamic limitations of the measurement subsystem config- 
uration may be readily observed in calibration data. Flow interference 
and vortex shedding from members produce errors of the order of l0% in 
the speed estimate derived from the components. 

Acoustic backscatter doppler sensors have not been successful as high 
sensitivity geophysical flow sensors. The devices used as ship's speed 
logs are presently beigg developed to sense currents remotely at speeds 
greater than l5 cm.s' . The development of'a miniature doppler sensor 
has not yet met with success. The best effort to date was the NOAA/NDBO/ 
Westinghouse/Edo Western development (1973). Unfortunately, the develop- 
ment fell short of the objectives and no practicable commercial sensor 
exists. 

A 

'

' 

The doppler sensor has the advantage of remote sensing - and is therefore 
less vulnerable to hydrodynamic interference. It requires suspended
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material to function and is well suited to the wave zone/surf zone 
applications. Tested versions have a threshold an order/of magnitude 
greater than the differential delay devices. The sensitivity is 

dependent on the speed of sound. A separate estimate of the speed of.s 
sound may be necessary - expecially in wave/surf zones where the medium 
is contaminated - to achieve a target accuracy, (Such a measurement in 
the surf zone may require a second instrument development to support the 
doppler sensor development!) Electroacoustic differential delay sensors 
require typically >lw. The prototype doppler device requires 840 mw pk, 
20 mw standby. Long baseline (l-l00m) acoustic devices exist for use 
in rivers, channels or other high flow sites where they may be installed; 

Other Sensors 

There exists a wide variety of other sensor types which have been developed 
Most current measurements are made with devices described in preceding 
sections. Donelan ( l5) *has a complete sumary of other current sensor 
types. Two worthy of special discussion are truly non-conventional 
"electromagnetic current sensors" — but are separated from that discussion 
because of the difference in principles. 

In the way of Eulerian Sensors, optical methods offer the laser doppler 
technique. It seems highly unlikely that this technology will be 
developed into an in situ multicomponent current sensing system other 
than for specialized studies. The existing laboratory and industrial 
instruments offer dynamic range and speed of response far in 
excess of the requirements for environmental current sensing. Other 
optical methods are being considered for development, but none are ime 
mediately available. 

A novel system has been developed at the NOAA/ERL/Have Propogation - 

Laboratory which senses surface currents by measuring the doppler shifts 
of radar bursts backscattered from surface waves (CODAR). The sensing 
relies on Bragg scattering properties to define the effective wavelength of 
the contributing surface waves. _The measured doppler shift(s) are compared 

CCIW Unpublished Report: “Measurement Technology of Physical 
Parameters in Environmental Fluids“.
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to the phase velocity predicted for such waves by the dispersion 
relation to deduce the advection of the waves by the surface currents. 
Each sensing station resolves the radial current component in 3 x 3 km 
cells to a maximum range of 70 km (over the salt water). The resulting 
data from two such stations can be vectorially added for the area of 
common coverage. In this manner synoptic estimates of the surface 
currents can be produced in less than 20 minutes for very large areas 
compared to other methods. The accuracy - as divined from drifter 
measurement comparison studies is better than :25 cm.s' . Resolution ' 

is claimed to be 5 cm.si . Much of the art in using such systems is 

in effectively reducing the wealth of data produced.
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3.0 CCIW HYDROMECHANICAL CURRENT METER UPGRADING 

The CCIW has had a continuing requirement for moored current measurement 
systems. Starting in l967 Plessey current meters have been used - originally 
M02l's and recently 902l's. A total of 62 have been acquired and l4 lost, 
leaving a present inventory of 48. In l969 Geodyne Model 920 current meters 
were introduced to CCIW applications. A total of 44 were acquired, ll lost, 
leaving 33. The Plessey meters have a more linear response characteristic 
than the Geodynes. Historically, they have been applied in the more dynamic 
near surface and shallow water applications where wave action on the mooring and 

‘l 

orbital velocity lead to substantial differences in performance. 
/ . 

_ 
The Plessey M02l current meters have rather antiquated electronic circuitry 

and use electromechanical multiplexors and analog to digital convertors. Inten- 
sive maintenance has been required to support data quantity and quality. Re- 
placement components are becoming increasingly scarce and costly. Systematic 
failures have reduced the efficacy of cannibalizing. By comparison, the Geodyne 
920 meters have modular solid state electronics and have had a better-maintenance 
history. T

' 

It is in this context that an action plan was formed. The objective is to 
replace the loss of existing current measurement capability with the best ef- 
fective technology available.‘ Hydromechanical sensors are preferred due to their 
lower cost and acceptable performance characteristics for a range of experiments. 
Solid state current sensors require expensive batteries, are higher cost, and 
have not yet demonstrated accepted performance characteristics which are an 
effective improvement over the hydromechanical technology for the same range 
of experiments. Impellor type sensors (Plessey-Roberts) are preferred over Sav- 
onius rotor type sensors (Geodyne 920, VACM). Indeed, a modern version of the 
M021 would be desireable, however, they do not exist. The new Plessey 902l is 
similar to the M021, but sufficiently different that more evaluation of the 902l- 
is planned to estimate the dynamic performance difference vis a vis the M021. 

Competitive bids were solicited including new current meters and a rebuild
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CCIW PLESSEY MO-2l CURRENT METER 
\ 

REFURBISHMENT - TARGET PERFORMANCE SPECIFICATION 

Data Acquisition Characteristics:- V 

Number of channels: 

Number of bits per word: 
Mediumt 
Format. 

- Data Capacity 

Sample Rate

/ 

Environmental Sensing Characteristics: 
Temperature ~ 

Speed 

Direction 

Depth 

Hydrodynamic Characteristics 

7 - Reference Number, Temperature, Time, 
Speed, Direction, Depth, Synch 
l0 (expandable to l2) 
l/4 - inch magnetic tape 
Plessey 9021 (and Aanderaa) compatible 
l M bit (100 days at 5 channels x 5 minute 
rate) 

' 

,

I 

Switch selectable 

-2 to +22°C, ¢0.5°C 
2.5 to 150 cm.s'1, ¢2% FS 
(true rotor rotation) 
l.4° resolution digital compass gimballed 
to 25° roll, ¢20° pitch 
0-100 m, :l0% 

Similar to M0-2l as only internal modifications are to be made. (Mass and 
moment of inertia may be slightly different.)

, 

Testing 

Notes: 

Manufacturer to perform functional tests 
including environmental temperature cycling 
-l0 to 30°C and final assembly gas leak 
test. 

Direction will be sampled once (or twice - if depth deleted) per scan. 
Present MO-2l samples direction 3 times at 8 second interval. 

Number being rebuilt 

Table 3.l

l5
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of the existing M0-2l's in the worst condition. The rebuild was to feature a 

new compass,-a rotor counting scheme (better than that offered in the Plessey ' 

902l), a magnetic tape data recording format compatible with the existing 
Plessey translator, and a real time clock. Tab1e 3_1 Summarizes the target 
specification for the rebuilt work. 

Plans for application of the rebuilt current meters call for the following: 

o tow test and calibration of each unit ‘
' 

o application in FY78 only in redundant moorings where conventional 
M0-2l data will be available for comparison '

.

1
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REVIEW OF CCIW EXPERIENCE WITH MARSH MGBIRNEY ELECTROMAGNETIC CURRENT 
SENSORS 

CCIW Applications . , 

CCIN experience with these sensors dates from l973. There have been 
three sensor types used: the M50l (Cylindrical), M5528 (Spherical), 
M522 (Miniature Spherical). Each is a two axis current sensor using an 
alternating DC magnetic field excitation. The M50l sensors used 8 

sensing electrodes to achieve an acceptable cosine response. These 
represent the manufacturer's first attempt at a self-contained current 
sensor derived from their ship's speed log designs. within a given body 
type there may be more than one circuit improvement. 

/ . 

These first sensors were specified by CCIW to have a 6 pin connector and 
to operate off a 24 volt supply. The resulting sensor operates off 
:24 V DC (i.e., 48V centre tapped). A consequence of this constraint has 
only recently been appreciated. Marsh McBirney's post M50l designs 
have been l2 volt devices or DC/DC convertor types with the result 
that our M552B devices are special in certain respects - principly the 
magnet and its excitation circuitry. ‘As reported in Section.4.2,_Marsh 
McBirney found that CCIW applications of these sensors were adversely 
affected by failure to adhere to the manufacturer's recommended grounding 
practices. 

The specific applications are summarized in the following Table 4.1, 
and system descriptors. Special mention_has been made of the grounding 
practices used and any other unusual electrical parameters for the systems. 

4.l.l _Self Recording Assembly: The first field application of the M50l 
sensors was in these systems.' The coarse sampling resulted in con- 
fused signals in wave events. Subsequent experience suggests that 
some zero offset error is probable with possible variability in some 
sensors due to grounding practice and power supply configuration. 
See Fig. 4.l.l and Table 4.l.l. 

4;1,2 CATS: Current and Temperature Studies: The history and specifics , 

* of the CATS systems are described at length in a companion study 
year end report for AR7-007. A number of specific points are 
worthy of mention:

O
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SELF+RECORDINGgSOLID-STATE,ELECTRO-MAGNETIC CURRENT SENSORS 
(Quantity 4 (four) Recording Packages) 

These self-recording packages were used by MSD, Shore Property Survey 
Group for shore erosion studies at Point Pelee. 

The recording package and current sensor were attached to a stationary 
mounting pipe which was anchored in the lake's bottom. 

Three stations were set-up, one each, on the west and east side of the 
point approximately 100 metres from the shore and another approximately 1.6 
km off the shore. 

The sensor was mounted on the stationary pipe, 1 metre from the lake's 
bottom in water depths of 3 - 10 metres. .

' 

Performance Specification: T .2 

Current Sensor: Mfd. March-McBirney Model 501 . 

D.C. Power Excitation: Dual Supply 1 24 volts @ 50 ma. maximum 
Hater Velocity Range: 0 to 2.5 metres/second on each axis 
Operating Depth Range: 4900 kPa (500 metres) 
Operating Conductivity Range: Saline Water 5 x 10“ nmho/cm 

" Fresh Water 50 umho/cm '

' 

Accuracy: _Error band <.1 cm/sec. or 2% of reading, 
whichever is larger each axis. 1 

‘Time Constant: (63%) 0.2 seconds 1 5% 
Output Signal: "X" and "Y" components of water velocity 

perpendicular to flow of probe. 
Output Voltage; Output voltage corresponds to 1 5 volts = 

-: 2.5,metres/sec. - 

Output Drive; Capable of driving loads from 10Kn to 1M9 
shunted by 8 to 0.3 ufd. . 

RecordinggPackage: 
Weight 37 Kg. (82 lbs.) 

Recorder: - Rustrak Model F137 time share feature 
- 30 day chart 
— 12 volts (-motor 15 ma continuous 

(-relay 70 ma 50% duty cycle 
Batteries: - -Eveready Y1711 or Mallory CSR-479 

- 3 sections, 12V., 7.9" dia., alkaline cells 
- requires 5 modules, underwater operation 1 

month, shelf life 1 year. 

TABLE 4.l.l
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SHALLONHHATER CURRENT-AND-IEMPERATURE_(CRIS) SYSTEMS 
(CCIH inventory: Qty. 5 Systems) 

These systems were designed for nearshore application, and in 

particular for monitoring the presence and movement of therma1~p1nmes and V .) “sinking-plumes" at power-station sites. Operability under ice cover, and 

insitu monitoring close to the surface, are aIso featured. 

PERFORMANCE SPECIFICATION 
1. TEMPERATURE:

_ 

IUP”TO ID SENSORS) Y 

Z; DEPTH: 

. TILT: 

-2 to 4o°c 
15 mC° 
t 50 r_nC° 

(WITH BOOT) 4.0 MINUTE 

RANGE 
RESOLUTION 
ACCURACY 
TIME CONSTANT 

1 THERMISTOR FENHAL K2284 4K-ISO CURVE TYPE 

DETERMINED BY DIVER POSITIONING AND LOCATION. 
RESOLUTION : 

_ 

IM. MAX. ON THE STAFF 
ACTUAL DEPTH GIVEN av DIVER REFERENCE PLUS CALCULATION 
BASED on THE TILT ssnsoa AND THERMISTOR SPACING. 
RANGE _ 

= 1 45° (2-AXIS) 
RESOLUTION o.4s° 
ACCURACY = 0.5° 
TIME CONSTANT : 7 MIN. APPROX. 
(YIELOS m 16 DB REJECTION AT A IO MIN. SAMPLING INTERVAL). 

TYPE : HUMPHREY VI 13-0502-I 

3. HATER VELOCITY: 

SPEED . 

DIRECTION 

RANGE 2 

RESOLUTION 0.5 Cm/S. 

ACCURACY s 1 cm/Is USP T0 50 cm/s.. 
THRESHOLD 5 cm/s 
AVERAGING 

l 

LINEAR TO 99.5 cm/s. 

to 250 cm/sec... 

I 
0 T0 360° 
1.s° _ 

1 5° 

LINEAR OVER SAMPLING INTERVAL. 
2 CM/SEC. 
MARSH-MCBIRNEY E/M OR AANDERAA SAVONIUS 
ROTOR. » 

RANGE 
RESOLUTION 
ACCURACY 
AVERAGING 
THRESHOLD 
TYPE 

4. ENDURANCE: 

T5. TIME: 

SAMPLE 
CAPACITY 

I RECORD/IO MINUTES 
ISOOO - 14 HORD RECORDS 
IZOOD - 19 HORD RECORDS 

MOORING PERIOD = 100 onvs - 14 uonn RECORDS 
so DAYS - 19 uoan RECORDS 
60 DAYS - Z1 HORD RECORDS 

8 SECONDS MINIMUM 
I MINUTE/MONTH MAXIMUM 
OECREMENTING DIGITAL HORD 

RESOLUTION 
DRIFT 

. TYPE . 6. PHYSICAL: 
_

. 

HEIGHT ~ aso kg. IN AIR 
DIMENSIONS ANCHOR ASSEMBLY ZM X 1M x O.5M 

- TEMPERATURE STAFF 3M TO IOM 
. O 

TABLE 4.1.2 I ~
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5 3] - 
UN0ERHATER[AB0V§HATER7TlMELAPSEiPh0l0L0GG§R SYSTEM 

(CCIH inventory: quantity 1 prototype) 
' This equipment is a functionally»flexible 16-millimetre timee 
lapse photo-logger system able to record extensive series of photo-images 
either underwater or above water, in the laboratory or in lakes. Many 
applications exist at C.C.l.H. for such a photo-logger. The system is 
modular and features sets of air-compensated and water-compensated lenses; 
incremental operation with wide-range timing controls (milliseconds to hours), 
strobe and/or photocell-inhibit; and digital recording in the image plane of 
data from associated environmental sensors. 

TARGET SYSTEM SRECTFICATIDN ton ccxw TIME-LAPSE_PHOTOLOGGER SYSTEM 
FOR_ABOVE HATER on UNDERwATER_USE 

. Image Size: l6 um film (10 x 8 mm image) 

. System Exposure Capacity: 16,000 (400 ft. magazine) 

. Range of Frame Rates: Assorted frame rates from 10 fps to 1 frame per 
30 min. (depends on timing program). 
Rates to 400 fps available in cine mode. 
Accuracy: 0.1 Z 

i
' 

. System optics: In’Hater . 

(1) 6,5 mm lens (water-corrected Leitz Canada lens C205). 
- Aperture range: f/2.4 to f/16 
- Field of view: 75° diagonal included angle 
- Depth of field: 20 cm to w (0 5' & f/16) 

fi22!£_!E£§£ 
(1) 10 mm lens (Schneider Cinegon) 

- Aperture range: f/1.5 to f/16 
- Field of view: 65° diagonal included angle 
- Depth of field: 2.4 m at 3 m distance and f/8 

1.2 m at 3 m distance and f/1.8‘ 
i (11) 150 mm lens (Schneider Tele-Xenar) 

- Aperture range: f/4 to f/16 
-.Field of view: 6° 
— Depth of field: 30 cm at 3'm distance (Q f/4) 

90 cm at 3 m distance (0 f/22) 
. Timing/event/I.D. recording: Digital Data on film (9 .BCD characters). 

Includes frame count to 99,999 exposures, 
remaining characters available for external 

_ 

data. 
i

: 

. Test points for following functions: Battery Voltage monitor 
Strobe output monitor 

' Shutter pulse monitor 
. System lighting: Underwater; Xenon strobes (200 Joule) or natural 

lighting 
Above water: Natural lighting (other lighting optional) 

. Exposure Control: Above Hater: Sensor to have wide angle field of view -35 
ASA 25 to 1600 
Aperture variation f/1.8 - f/16 
Speed 1/50 - 1/10,000 sec. 
to be available at a later date (optional) ‘ Underwater: 

. Resolution: 75 lines/hm. at center. (maximum) 
35 lines/mm. at edge (maximum) 

. System power: 36 VDC and e 12 VDC (Separate submersible battery-pack) 
120 VAC optional 

. Maximum operating depth: -450 m (Canada's inland waters) 

. Temperature range of operation: - Underwater: -0°Cto +40°C.~ 
In Air: -40°C to +40°C (Heaters) 

i 
. (with 120 VAC power) 

. System packaging: three modules~ (a) camera module 
(b) control module 

(see sketches) (c) power supply module 
. Strapable optionszp strobes, current meters, turbidimeters (underwater 

configuration) 
solarimeter, wind velocity, artifical illumination 
(above water configuration) 
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_ 34 - 

W.A.V,E. S. - 76 

SYSTEM SPECIFICAT 

suasisitm PARAMETER SENSOR 

ION 

RANGE RESOLUTION ACCURACY 

Tower 
Subsystem 
( 5 Hz ) 

wind Speed 
wind Direction 
Wind Speed 
Elevation 
Air Temp. 
Humidity 

Cup Anem. 
Vane 
Prop 
Vane 
Thermistor 
Arch 

0.4 to so nVs 
0 to 352°

_ 

0.2 to so m/s 
150° 
_-5 - o°c 

0 to 35 9m/k9 

3 cnvs 
o.2° 
2 cm/s 
o.os° 
o.o2° 
0.02 

1‘l D cm/s 
12° 
110 cm/s 
11° 
1o;1°c 
1l gm/kgm 

Turbulence 
Subsystem 
( 20 Hz ) 

Wind Speed +60
\ ° Sonic A 

Wind Speed -60° Sonic B 
Wind Speed Z 
Air Temp. 
Humidity 
Plat. Control 
Position 

Sonic N 
Cold wire 
Lyman- 
N/A 
.Potentiom. 

0 to l0 nvs 
0 to l0 m/s 
:5 m/s 
0 to 3o°c 
0 to 35 gm/kg 
11ao° 
1l80° 

0.5 cm/s ’ 

0.5 cm/s 
0.25 cm/s 
0.os°c 
0-02 am/ksm 
See below 
0.3” 

13% F.S.1 
13% F.S. 
13% F.S. 
1l°c 
tl gm/kgm 
12° 
1l° 

.Subsurface 
Profiler 
( 20 Hz ) 

Water X 

Speed Y

Z 
Hater Tenp. 
Vert. Control 
Vert. Position 
Horiz. Control 
Horiz.Position 

DRAG 
SPHERE 

Thermistor 
N/A 
Potentiom. 
N/A 
Potentiom. 

10.2 to 2 m/s 
10.2 to 2 m/s 
10.2 to 2 m/s 
o to 25° 
+3 to -6 m 
+3 to -6 m 
190° 
190° 

0.5 cm/s 
0.5 cm/s ' 

0.5 cm/s 
o.o2°c 
See below 
0.5 Cm 
See below 
o.1s° 1 

15 cm/s 
15 cm/s 
15 cm/s 
1o.os°c 
15 cm 
12 cm 
12° 
11° 

Have Staffs Hater Level Capacitive :3 m 0.3 C. A 15 cm 

Average 
Parameters 

water Velocity 
Surf. Tenp. 

E/M . 

Therm. 
12.5 m/s 
0 - 3o°c 

0.5 cnvs 
o.o2°c 

15% 
1o.1°c 

Signals 
Subsystem 

(940 sps max) 

Analog 
48 Chan. 
Digital Input 
6'lines 
Digital Output 
l8 lines 

Single 
Ended 
Single 
Ended 
Single 
Ended 

0 £0 i5.l2V 

C/MOS and TTL 
Compatible 
C/MOS and TTL 
Conpatible 

2.5 mV° 0.05% F.S 

Shore 
Subsystem 

Real Tine 
Clock 
Analog Outputs 
(selectable) 

Single 
Ended 

0 to 15.12 

1 "15 

2.5 mV 

300 ppm 

TABLE 4.1.4. l
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QFFSHORE RESEARCH PLATFORM 

This moderately large steel tower has been installed 43°l6'.l North Lat-, 
79°45'.6 Nest Long., approximately one kilometre off Van Wagners Beach (Hamilton, 0nt;) at ‘ the west end of Lake Ontario. The tower provides a stable, fixed platform for linnological 
observations and experiments, High strength steel pipe-piles, driven down through the pipe 
legs, anchor the tower structure to the lake bottom. The structure was designed to produce 
minimum interference in the wave zone by eliminating cross bracing between 4.5 m above and 
below mean water level. The depth of water at the tower location is approximately l2 metres 
The assumed maximum wave height is 6 metres trough to crest. 

This structure safely accommodates large instrumentation packages and sensor arrays 
for both long and short term multi-discipline research. It provides a more stable, flexible 
and economic alternative to other towers used for wave zone studies in the past. The design 
life of the tower is ten years. The consultant was Byrne and Associates, the contractor 
was Bermingham Construction Company.

\ 

PLATFORM STRUCTURE DIMENSIONS 
SPECIFICATIONS 

Structure height (from base) 
Base dimension x 

Platform 0 V Structure mass, approximate 
Design platform payload (uniformly 

' distributed) 
Dianeter of legs _ 

PLATFORM POWER SUBSYST£H 
Total unregulated 
Total ll0 V AC

' 

Service outlets locations 

PLATFORM ACCESSORIES 
Vertical profiler, travel 
Vertical profiler, rotation ‘ 

Extension booms at 3 corners, length 
. Meteorological mast, height

_ 

Floodlights 
Crane, payload 
Public address system, type Q Electronics cabinet, volume ' 

23J7|mtms 
l4.l8 m (square) 
9.15 m (square) 
22 Mg 
9 Mg 

40.5 Clll 

6 kw 
3 kw
9 

6 m 
270° 
l0 m 
5 m 
4 nercury vapour 200 H each

_ 

4 kN 
two-way 
l.3 ms 

The electronic data logger, telemetering to shore and initial sensor array are 
described elsewhere. 

TABLE 4.1.4.2
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- The CATS-current sensor is powered from an alkaline primary battery 

whose parallel circuits are summed with diodes. Early tests showed ‘ 

that capacitors across the supply were necessary to support sat- 

isfactory operation. 
- The method of tieing of signal common and magnet power common was 

found to cause only small offset errors (due to the addition of
' 

the capacitors above). 
- In the CATS systems the current sensor signal common was tied via 

the control electronics to the digitiier case which provides a 

variable impedance water ground. This is suspected of being the 
largest source of anomalous current data in the CATS system. 

- The CATTS (1978) systems are free from these error sources, to the 

best of our knowledge. 

Photologger: This application shares most of the errors identified 
for the CATS systems above. See Fig. 4.1.3 and Table 4.1.3. 

WAVES Tower:
' 

The M501 sensor deployment in the WAVES system has produced a variety 
of current-like and current-unlike responses. The signals were most

. 

current like during high current events, but are not believed to be 
correct in view of other data. 

The M522 sensor was battery powered in the WAVES system application. 
Its performance generally met expectations with the exception of constant 
zero offsets. Furthef tests by C.Y. Der are.reported in Section 4.4. 
See Fig. 4.1.4.1,2 and Table 4.1.4.1,2. 

‘

" 

Littoral Drift: " 

The 1976 field experience showed very dynamic, large scale malfunctions 
by the EM current sensors under a variety of test conditions. The 

system grounding is now known to be incorrect. The question of Ontario 
Hydro EHV corridor electrical interference remains a possibility.
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. < GAlTHERSBURG,- MD. 20160 (301) ass-woo 

TO: A. S. WATSON 

M. 

FROM: L. B. MARSH 

DATE: AUGUST 23, 1977 
»

' 

SUBJECT: TRIP REPORT COVERING TECHNICAL DISCUSSIONS BETWEEN MARSH—McBIRNEY 
PERSONNEL & CCIW PERSONNEL HELD AT CCIW ON AUGUST 16, 17, 18, 1977. 

.INTRODUCTION 

Disgussions were held between Larry Marsh and Jim Darby of Marsh—McBirney,' 

Inc., Gaithersburg, Md. manufacturers of electromagnetic EM water current " 

meters and Charles Der, A. S. Watson, Jim Bull, Brian White, and Mark 

Donelan all of CCIW. Not all of the CCIW people were present simultaneously 
but were called upon by CCIW coordinator, Charles Der, as necessary to supply 
supplementary information concerning either the test setup or the test data. 

Basic discussions centered around the use of various Marsh-McBirney electro- 

magnetic water current meters including the original prototype cylindrical 
‘units, later spherical 4" diameter sensors, and the latest 3/8" diameter 

spherical sensor.“ At CCIW these instruments have been used in various com- 

binations with each other as well as in various electronic instrumentation 
hookups. '

A 

The projects in which the instrumentation can be categorized is as follows: 
1. The CATS Project, Current and Temperature System. 

2. The Littoral Drift Program. 

3. The Waves Program. . 

'_“ 
4. Special tests utilizing the 3/8" spherical sensor.e
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The analyses that follows will give a description of the instrumentation 
hookup as we presently understand it and will describe the malfunctions 
that were indicated by CCIW personnel. 

In addition, we present our thoughts as to how these malfunctions may have 
occured and how we could suggest preventing these problems in the future. 

'

0 

CAT§ Program 

»Ceneral Description of Installation
/ 

The CATS project utilized the five original cylindrical current meters in 
conjunction with the Geodyne resistor digitizer which provides this digi- 
tized information co a tape recorder for the final data recovery. It is 
our understanding that there is a CATS I and CATS II program with slightly 

_ different setups and spaced several years apart in implementation. The 
CATS units were powered from batteries and the first use of the instruments 
on the CATS program was to have the final outputs of the Marsh—McBirney electro- 
magnetic current meters integrated and converted to angle and magnitude data 
where they were then compared with savonious rotor instruments in the same 
vicinity. 

The Marsh-McBirney instruments were supplied with the power connection 
_ 

,'._w-('- consisting of +24 volts, -24 volts, signal ground, and magnet return. 
(These two separate ground leads are provided to insure that the large 
magnet currents which flow in the magnet return lead do not contaminate 
the signal ground of the instrumentation. These 30 Hz current pulses 
which are on the magnet line can be interpreted by the instrumentation of 

-2-
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the electromagnetic current meters to be water velocity signals and 
therefore, these two grounds are required to be connected only at the 
very lowest impedance point of the battery setup. See Figure 1.) It was 
determined that the setup for the CATS December l974 and January 1975 tests 
had the signal ground and the magnet return tied together to the battery 
return but had a small amount of additional resistance between the tie 
point and the battery.‘ See Figure 2. ‘

,
-

/ Description of Malfunctionv - 

The data plots of the integrated velocity signals from the December 1974 
and January 1975 tests indicated that the electromagnetic meters yielded 
data which indicated a flow direction that was approximately 120 degrees 
from that yielded by savonious rotor instruments. When each of the instru- 
ments were measuring steady-state flow conditions where there were no con- 
taminations due to wave action, this angular discrepancy was shown. In 
observing these plots, however, it was noted that when the velocity appeared 
to change direction as seen on the savonious rotor instruments, the same A 
change in direction occurred on the electromagnetic meter. This would seem 
to be an_indication that the electromagnetic meters were working but for some 
reason the axes may have been.reversed either in the instrument or in the 
data handling system itself. Whengthe electromagnetic meter was compared 
to the savonious rotor whengcontaminated_with wave action the savonious rotor 
had a wide scattering_plot of both magnitude and direction, whereas, the 
Marsh-Mcfiirney meter had a grouping_of data indicating that it was indeed 
providing the proper vector averaging in face of this wave action. Since 
these two differ so greatly under wave conditions it is difficult to determine 
any correlation between the savonious rotor and the electromagnetic in this 
case in light of their differing characteristics. 

-3- '



Q j

T

K 

~ 
- 31 e 

In the CATS II program the data was not integrafied 
and there was some 

intercomparisons that indicated that the lower EM instrument 
on the CATS 

II when compared with a nearby CATS l EM instrument gave 
magnitude data 

which was nearly identical but the angular data appeared 
to be approximately 

100 to 1209 different._ Discussions with personnel at CCIW indicated that- 

this difference in direction could very well come about from 
the uncertainty 

of the orientation of the probe due to current compass 
problems which the‘ 

diver had during installation. Axis reversal could account for_30° of this 

difference. " 

Additionally, the bottom EM instrument of QATS II had three twelve-hour 

Periods in which there was_wild data excursions which could 
come about 

only from a malfunctioning oi the system. It certainly could not represent 

true velocity data. It was noted that the same instrument that had the 

large excursions also took much longer to settle down when the 
entire system 

was set up in the laboratory and the water current meters 
placed in the water 

The savonious rotors which were placed nearby during the CATS 
II and CATS I

_ 

comparison malfunctioned and thus there is no baseline data to determine 

whether or not either of the two electromagnetic meters placed 
at the lower 

depths were functioning according to another standard. The grounding system 

that was described, although incorrect, should not cause these large excur- 

sions in the data. This wiring can cause possible zero offsets which may or 

may not be stable. The recommended wiring is to'connect each of the two 

grounds at.the 1owest.impedance point of the battery. 

-4-
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LITTORAL DRIFT PROGRAM 

General Description oi Installation 

The Littoral Drift installation consisted of one spherical sensor and one 
cylindrical sensor. Littoral Drift current meters were run along cables 
to the on-shore trailor within which the data system was placed. Power 

for the Littoral Drift current.meters were batteries near the location of 
the current meters. They were not powered from shore. 

l

' 

The ground hookup for these instruments consisted of the +, -, and magnet 
ground being connected to the battery system in the proper manner but the 
fourth wire from the electromagnetic sensors was not returned to the battery 
but was used only as a signal ground for the X and Y outputs so as to differ- 

entially take the signal off between the signal ground and the X and Y outputs 
(See Figure 3.) 

flescription oi Malfunction - 

The outputs of the two electromagnetic water current meters had various 
amounts of unexplained offsets as well as the low frequency beating between 
the two instruments. There never appeared to be any useful data obtained 
from these instruments. 

.Bossible Sources of Malfunction
_ 

The fact that the signal ground of the electromagnetic current meters was not 
directly connected to the battery common can explain the malfunctions that 
were seen. Figure 1 included in this report indicates the basic design tech- 
nique of the Marsh-McBirney electromagnetic current meter as it pertains to 

-5,
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grounding. The fact that the signal ground of the instrument was not 
connected to the battery allowed the sensing portion of the electromagnetic 
sensor to float relative to the magnet drive system and therefore be faced 
with large inputs of common mode 30 Hz. ' 

It should be noted that the electromagnetic water current meter is a high 
gain device. Signals generated in the water from the interaction of the . 

flowing water with the electromagnetic field produces voltages of approxi— W 
mately l0 microvolts for each meter per second of water flow. Therefore, 
the large input of common mode 30 Hz voltages which the instrument is forced 
to see due to the lack of this signal ground can easily get into the data 
system and cause an apparent steady state flow velocity. That is, since the 
instrument is sensitive to 30 Hz amplitude modulated signals in the water, 
any 30 Hz that is present in the instrumentation amplifiers will appear to 
be flow velocities. The large 30 Hz excursions that exist on the magnet 

wire will inevitably get into the channel amplifier if the signal 
ground is not connected with this magnet return wire at the lowest point 
on the battery. 

In this particular case, the two instruments were powered from the common 
battery. Since their frequencies of operation can be slightly different 
since they operate from separate oscillators, each instrument can cause a beat 
frequency on the other instrument. Thus one could expect to see with this 
setup not only large.offsets but beat notes between the two instruments since 
Ehey are utilizing a common battery and were hooked up without their signal 
grounds connected. " 

';-6-
_
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Information obtained on a test unit placed nearby and which was powered 

from the trailer appeared to have been wired with the ground tied together. 

That is the signal ground and power ground were tied together to a power 

supply in the trailer. This instrument also indicated that it too had 

a beat note. ' 

Since the amount of data on this test instrument is very limited it is 

difficult to come to any basic conclusions. It is highly possible that ' 

its connection to an AC power supply at a trailer several hundred meters ‘~ 

from its sensor caused an AC ground loop, thus causing the beat frequency. 

In this case rearranging of the ground could have been attempted to deter- 

mine if the ground loop could be eliminated. 

Waves 

General Description of Instrumentation 

The Waves tower is approximately 1000 meters offshore and on the same site 

on which the Littoral Drift tests were made. The data that was recorded is 

not averaged like CATS, but is fast response data. This data is contained 

on magnetic tape and strip chart recorders. The digitized data is sent to 

shore by means of a hard wired cable. 

It is understood that the grounding system had the magnet return wire and 

the signal grounds connected together but there was a possibility of higher 

resistance than desired connection between the common point and the battery. 

£§ee Figure 2.) The power supplies which run the cylindrical sensor on tower 

was AC powered and the commons of all the instruments were tied together by 

-7-
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. means of an extensive grounding system. The third prong of the Hewlett- 
Packard power supply was thought to be attached to the tower itself. The 

Hewlett—Packard also supplies the other instruments used on the test. 

Description of the Malfunction
V 

The various types of malfunctions on this setup were many. Malfunctions 
consisted of beat notes on both channels simultaneously, beat notes in

I 

individual channels without a comparable beat note on the other channel. 
and a high correlation of abnormal tracking between the X and Y channels 

which were obviously not wave induced velocities. 

Possible Sources of Malfunction 

Since the data was sampled prior to presentation on the strip chart recorders ’ it is not possible to determine if high frequencies above the sampling fre- 

quency were present on the water current meter outputs. Thus we do not know 
whether the frequencies which are shown on the strip chart recorder were 
indicative of the velocity of the electromagnetic current meter outputs or 
possibly new frequencies introduced due to the sampling rate. 

It is highly unusual for an electromagnetic current meter to generate beat 
notes due to 60 cycle interference on only one channel. The experiences f 

indicated that when 60 cycle interference mixes with the 60 cycle sampling 
/rate and causes the beat frequency, this malfunction occurs simultaneously 
on both channels albeit in different magnitude} It is difficult if not 
impossible to have only one channel showing AC interference due to the nature 
of the design of the instrument. 

‘ 1""
. 
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There was a distinct tracking (see Figure 4) quite often between the 

channels. The magnitude of this tracking of the two signals was approx- 

imately 75 millivoltst Since the self—noise of each channel is a random 

noise signal of approximately 25 millivolts, it is virtually impossible for 
these outputs to track this close and have their front end differential 

amplifiers still functional. It is therefore highly likely (when the units 

appear to be tracking very closely) that large saturating 60 cycle voltages 
- I~ 

have made the front end inoperative. Since it is impossible to determine at 
this time if there was a malfunction in the commutator which selects the re- 

corder outputs then we must assume that the commutator was operating properly 

and not selecting one channel twice. 

The electromagnetic current meter in this particular setup appeared to go 
from (1) giving very good wave data that coincided with exactly what was 

expected from the corresponding wave staff data to (2) a tracking mode and to 

(3) occasional operation where there appeared to be beat frequencies involved. 

It is interesting to note that these types of malfunctionings appear to shift 

around according to which channel on the chart recorder is selected by the 
data system. There is not enough data to conclusively determine that there 
is a high degree of correlation but it was noticed that data differed when 
it was being presented on the different channels on the chart recorder. 

In either case it appears that the instrument intermittently operated and 
gthat it would be most likely that the malfunctioning came about primarily 

from AC ground loops causing intermittent saturation of the instruments’ front 

end. ' 

-9-
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3/8" Diameter Spherical Sensor 

Description of Installation 

The 3/8" spherical sensor is similar in design to the larger spherical 
. 

' 

\ _ 

sensors and utilizes electronics that is virtually identical to the later’ 

spherical probes. This 3/8" sensor was tested in laboratories at CCIW as 

well as having been,installed in the field. The operation during laboratory 

tests was quite satisfactory and was performed using the power and signal , 

cable that was not taken iflt° Fhe fi?l¢- 

The field setup consisted of a different cabling system than used in the 

laboratory and the grounding setup was one in which the magnet return » 

ground was connected to the battery but the signal return ground was not. 

~The resulting data consisted of a l volt offset on the output of the instru- 
.

. 

ment with what appeared to be good wave data riding on top of this offset. 

A second setup was attempted after telephone communication with Marsh—Mc—- 

Birney that culminated in the rearranging of the ground system so that the 

two grounds were tied together. This reduced the offset in the output to 

approximately 70 millivolts in one channel and 20 millivolts in the other 

channel. The final setup as it presently exists today has the power leads 

and the ground leads going through several connectors and several relay 

contacts and then to a battery pack. 

Description of Malfunction 

The offsets which exist on the output of the 3/8" spherical sensor are 

unequivocably coming from the grounding system which has been used. (See 

Figure 3.) Similar to wiring done on the Littoral Drift units, the instru- 

-10.5
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ment is being faced with large amounts of coherent 30 Hz signals and 
is unable to reject this large common mode signal. The attaching of the 
two ground wires together reduced the problem considerably. However, discussions 
held during our recent trip have indicated that there is probably approximately 
0.5 ohms still existing between the connection between the two grounds and the 
low impedance point of the battery. This is due to the various connections 
and relay contacts that exist between the tie point of the two grounds and,s 
the ground terminal of the battery. ”

/ 

It has been decided that this correction will be made by removing the present 
tie point and running the two ground wires separately back through the conn- 
ectors, through the relay contacts and joined only back at the battery term- 
inal itself. That is, no common singular wire should exist between the tie 
point of the mag return and the ground of the battery. 

It is interesting to note that although the 3/8" probe with its high gain 
electronics should be the most sensitive to grounding problems and 60 cycle 
noise it has performed the most satisfactory. However, it is of the most 
recently manufacture by Marsh-McBirney and of the most recent usage by GCIW. 
Its grounding setups are well defined and well documented. 

General Ihoughts and Recommendations 
The grounding problems which have been described in each of the above 
cases and which are shown schematically in this report are the most serious 
_and have probably masked any other problems which may exist. 

-11,
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' I would expect that the 60 cycle.problems that are intermittently present 
in all of the instruments can come about generally when long cable runs are 

made between an instrument base which is powered from 60 cycles and the 
instruments which are placed long distances in another ground plane. I would 
not expect 60 cycle problems to exist when both the data system and the instru- 
ments are self-contained on a platform and are run from a battery source. 

- 1 

When the instruments are to be used with AC power sources the use of isolation
, 

transformers and/or the changing of the grounds to eliminate third prong type 
ground loops is advised. Ground loops in systems are quite often difficult 
to find but through meticulous care to always end up with a single point 
ground they can nearly always be eliminated. 

. There is no question that due to the nature of the electromagnetic water 
1 velocity sensor it is probably more sensitive to stray electrical currents 

than any other sensors owned by CCIW. Therefore, it would be my recommendation 
that care be taken to provide more attention to the grounding as it relates 
to the water current meter. 

Most of the data that was presented to me during my trip indicated that 
although there were a vast number of apparent malfunctions and problem areas, 
the instruments did continue to "work" during almost all of the deployment. 
Under these circumstances it would appear that once we have solved the basic 
grounding problems that exist on the systems, they should be relatively free 
of long term malfunctioning. m 

I. 
~.. 

.1; f 
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Future Achievable Accuracies 
I The low velocities that CCIW generally encounters in its recent programs 
f‘ indicate that it is desireable to achieve accuracies of the order of approxi- 

A mately id centimeter per second. Whereas these types of accuracies are note 
necessarily required at the high velocities of 100 to 150 centimeters per 
second, it is required for the low velocities encountered in a large number 
of your instrumentation projects. '

I

~ 

Once the ground loop problems have been eliminated, (as they apparently are 
close to being eliminated in the 3/8" diameter sensor) the long term drift 
of these instruments should be capable of staying within il centimeter per 
second. This estimate is based upon experience rather than being able to 
be mathematically proven.

.

- 

It would be my suggestion, however, that several of your instrument packages 
be placed out in the lake environment with appropriate shrouds covering the '1\ 

sensors so as to produce a zero velocity input. These outputs should then be 
monitored either periodically or continuously to verify the stability of the 
zero. Only through the proper testing can CCTN regain a confidence level 
that is required to deploy these instruments in your low velocity environment. 

Although I feel that the instruments which have been provided to you in the 
past (and any that might be provided to you in the future) are capable of 

_ 

solving your water instrumentation jobs, it certainly has yet to be demon- 
L\ ‘“¢*“’ 

' strated that this can in fact happen. It is now obvious that there have been
\ "dd 

. _-
_ 

L\?;y€:, N less than adequate communications between our company and CCIW and that had -P 

' the proper information been conveyed to CCIW concerning grounding practices 1"?!‘ 

-13-
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‘or if MMI personnel would have been present dfiring some initial installations 
the various problems which have occured would have been either eliminated 
or at least minimized.

O

~

/

\
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Sensor Calibration: 
Calibration experiments at CCIN with these sensors have suffered 
with a variety of problems: 
The CCIW towing carriage has shown short term speed fluctuations of 
:10% of the mean. 

.

_ 

The electric drive system for the carriage seems to produce signals 
which interfere with the functioning of the current sensors - an 
effect which is markedly worse with the M5528 sensors than the M501 
A variety of calibration "jigs" and procedures have produced non 
repeatable.zero offset estimates.

V 

The rotating jig used to calibrate two'aXis current sensors lacks 
a reference standard angle indicator and an angular position sensor. 
This jig has been modified to have a higher rotation rate necessary 
for high speed calibrations - but this is inadequate for low speed 
calibrations - hence continuity of method in low.speed calibrations 
has suffered. (20 s period versus 40 s) 
Control over calibration data has been loose in that the respon- 
sibility for the data lies with each study team. _ 

4.2 Fault Reports: 
The memo C. Der to A.S. Watson summarizes the main_report of 
L. Marsh who diagnosed one of the main reasons for cc1w's fail- 
ure in applying EM current meters.

A 

4.3 CCIN Recommendations 
All future applications of electromagnetic current sensors should 
consider the following points: 

. 

-
- 

4.3.1 Supply stiffness: 
A battery supply using summing diodes should have capacitors 
to provide the low effective supply impedance needed by 

~ the sensor (eg 200 uF) 
4. 3.2 Grounding: 

The signal ground and magnet power ground should be tied - 

once only - and at the power supply (capacitors above). 
4.3.3 Water grounds: 

The current sensor signal common should be tied to the 
water only by the current sensor and should be j§g]gteg_ 
from any other system water grounds by at least 100 k ohm.
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4.3.5 

4.3.6 

4.3.7 
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Line coupled supplies: 
Future applications requiring operation with AC power line 
rcoupjed supplies should consider using either AC line, 
phase synchronized sensors — or sensors with DC/DC convertor 
isolation. 

h 

_ _ 

Calibration - method: 
The noise problems in the tow tank calibration set up must 
be resolved with isolation, shielding, improved sensor 
grounding as necessary. _

’ 

The rotating jig should be returned to slower speed for low 
speed calibrations, made reversib+e—and~a reference heading"_T' 
sensor implemented so that vector sensing error measure-

h 

ments can be made. ' 

A standard test procedure should be defined - and a central 
calibration history maintained. 
Future calibration instrumentation should include a means 
~to monitor the carriage speed from the displacement sensor 
and some reference sensor as used at NOAA+0EE-NOS-NRDC. 
Conductivity: 
Tests have shown (S4.4) that these sensors appear to operate 
within specification for fluid conductivities greater than 
100 u Siemen. Applications in low conductivity water bodies 
(mountain lakes and rivers, or under freshwater ice) should 
be approached with caution. V 

Sensor Types and Disposition: -

, 

The 124 volt supply sensor type used at CCIW (either M501 - 

now obsolete, or M552B) has several shortcomings. 
The M501 is hydrodynamically inferior-to the M5528 and 
should not be used where significant wave orbital velocities 
are expected. 
The M501 sensors are suffering from attrition and are becoming 
uneconomic to maintain due to wiring failures in handling 
and repair.

\.
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The M552B is considered a special model by the manufacturers. 
Maintenance, delivery times and reliability are affected by 
the power supply constraint which distinguishes it from 
Marsh McBirney's standard product. 

The M552B situation provides several alternatives. 
V hPresent Status: 1 sensor in apparently good order 

1 sensor suspect 
1 sensor defective -- in need of repair 
1 sensor missing _ _ _ 

Alternatives: 
Continue with 124V, 6 pin specification - accepting liabilities. 
Convert to M.McB standard sensor and rework existing to this 
standard (new probe, component changes on magnet driver card). 
Convert to M.McB standard for new sensors and accept in- 
compatability. 

Recommendation:
g 

with the presumption that current sensors of the March McBirney 
_M552 type will fill a continuing measurement need for CCIW, I suggest 
that the second alternative be pursued. " 

January 1980 update; 
Three of the MMcB. Model 518 Sensors (¢12 V) have been used or are on order for use in the MCATS System. 
One of the four M5528 sensors is still missing. The remaining three are fully functional. '

' 

The M522 miniature sensor is defective. Repair by replacing the probe head 
with °"e Slightly larger (the smallest currently made by the.manufacturer) i 
under consideration. '

_

S
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4.4 CCIW Analysisgand Test Results , 

The applications of the Marsh McBirney current sensors at CCIW have raised 
several technical questions regarding the performance of these sensors 
in systems. A number of electronic tests have been conducted under the 
auspices of this study to resolve some of these questions. The initial 
work done on analysis and test of these.sensors was reported in the CCIW 
Unpublished Report: "Evaluation Data on Solid State 2-Axis Water Velocity 
Sensors" (ES—5ll), l976. 

The results of these further tests are summarized in the following pages.

\

1



' r 

- 50 - _ 

'CuRRevq~c €_§e.~:$ae. Tia-Q QUMMAQ1 

‘$0;-45.9% wee: M6523 
C.oa‘$o|l.. 

'1:-Awe Q; Ts:-r: 2%-'5\ ~5"~'° 

_?B§.Fo€v,v\’I="D‘ ‘Bu : ‘Q5 ¢,~3m<€ 

Sggzihk. Nu-M-3543 

L.I-$‘\'$ ¢F’ o'>eP-M-io'-\ Yo '§1>e¢:=F:¢,n <‘J.'B.><s<-<~~:~/e: T6 be-\'€8~_»:-:€ 
§:..,g'<~4,_,.n_>4.¢<-.1':ux1v ¢>F ¢AAT€R. 

T3091 

._>=¢e was ¢,..-,r;@..¢.¢<> IN The umae Test Taps; pkgw»:-. 12¢ 3e » 

Q) €'e.'?n»"-'0... -Ho.» Be:-.u c.u-=~.m~>ew> , ”R;~\$€I> ANB 
V 

"P;-up (Flo \\-\ 

¢_e\> arm bzsrxweb umefi 
' 

-=> ..|c-.-| THE CAu'BRA1.tav~\ We C‘a~>u<>1'.n/=1"! o~)A$ M£A§u&€ us: 
Me "Pm-rbém '27 K-A{ou.a|Q~ _ 

fnflfliuu atuéfibé C ) ,..>»=- /n>:>er> -(1, Efl=‘ecx 0.-me~es 
In ‘C¢n>¢._¢..c;1'gvITY- 5:5 UJATER QQAS AI-|...m..:€I\ 12> Q»o~\Q To QQ»Z¢.'LB¢I~'4M 

" 7 

- tulafg h-sq» '%e.ns¢>2. 
$‘\'RP='\‘£F1"CAT.I‘OvJ. <7:-=.eA1-so-4 ~\:.+~$wR€I>- 

oPeRA~r:c'»~1 w\E;\sue>=b.. |.JA't€.R $1-:ag\=,x> T5 6'-'I- 

-I 
' “BR¢.~.=-H Tue C/.~m~~e\. ‘1>£<=r-'». '13 n-may Sufi°v...re:- CYD I177 16> ' 

y~>a1.€.'- A. , " 
~ ¢»4Aw.-\' Rec-otxbem _ Test Rs.sw..1==

_ 

i - '%a.v~J_Soiz, Mpgfunorxaneh In) ‘i>I$_11.¢..a.eb 
— 'S'Ev-F5~=Rv pQITfl.IN <;?€¢-1'F‘:.c.M‘¥¢-I Fok ¢.>¢:se_. q.~n_> o'FfSé,T 

0J1:-1-H CLu1>u.<>\'1u1r~/ ‘>; \0v/5. - 

I/JA‘\’€R - C'¢,JI>u.cr.w.1-ry /» 

C.<>~)c.|_».~sso¢~\\ 74PP¢1’¢4"fi'0~J Id IJRRR um CbMbu¢1':uITY -5' /0905 any 
‘*5: uMB€|..-'rA6|.£ 'B'4)'€D 01011415 31*-‘('1'-5 Qduaé "F157, 

. A-ff_AC,Mv\Gv~‘3'TS : -5 amp,“ _ 

-"£33 =1/1/72.



_'_ 
NI‘

__

/ 

’

_ 

“ll 

nw_\U" 

’¥8_HPOSp1@ 

O02 

em i 
0°“ 

8’ 

‘U 

°~

2 

_ 

1 

_ 

_ 

_

_

_ 

’

_ 

dpzg 
QJJQPW 

T‘
_

1

fl_ 

1 

x_ 

X

_ 

E‘Imd 

'H+UH|m 

Iv! 

X 
Iii

1 

dfi 

Owl“ 

§:+d‘u#‘t 

‘o -2 

”
Y 

_3

X 

t 

W 

X 

"U

L

t 

Q32‘ 

¢' 
M‘ 
_A 

hp! 

3_!3___ 

E. 

¥2U1°G(‘.U 

_X 

‘E360 

2w 

MMW 

Q80 

END“ 

"RP

_ 

doulwm 

gmui 

zgi

C 

_

b 
‘_A___ 

]_

fl 
rguw 

__ 

>6

5 

M. 

__ 

X 

.3 

"582

_

x 

§2‘“f8 

T
- 

I 

, 

‘V 

‘Q’

_ 

gm

_ 

xtsfiuanqd 

3 
"U5 

kayo 

__‘%H5

N



' 

’PH_DB$fiQ6 

dgg 

A_'D\_JH_v__MHP’ 

0.0_ 

gm 

8" 

Q°_ 

an 

Q" 

2

‘

_ 

Q 

‘_ 

_ 

1

‘

Q 

h

_

_ 

' 
‘ 
I 

|

‘ 

{ii}. 

It 

_"i"‘ 

‘lift

>

A 

_ 

__|l§ 

Iii!‘ 

ll 

'|l____‘A_- 

%_P"___’_§_3@_' 

l 

‘ 

_E__ 

_ 

Ii 

l 

________ 

l'_

5

N 

\€2;52

v A‘! 

I_ 

M’ 

‘W.

' 

‘Q8

> 

&wm_M_____ 

I3‘ 

M‘- 

'

_

_

*
% 

:1 

>

_ 

1?

| 

A 

>

z

‘

‘ 

2! 

:’____9_(1 

_m_'

Y

_

_ 

\c‘U1D“_‘__°O* 

\' 

\_h"$HrO§fi1°U 

8 

Ema 

aw”,

' 

_ 

_

_ 

0 

'_°_“v*_

_ 

\~_°N_°U 

1* 

flflm 

13

_ 

dowzlw 

Pqvzd 

gig 

sud‘? 

‘(gag 

‘-l“\ 

_ 

Iv.‘ 

_, 

I

_ 

_

v

_ 

______

_

I 

‘fl 

‘\° 

_

_ 

_| 

Q‘

' 

‘N? 

‘fig 

_:_!__ 

E 

_ 

'1

i 

'

_ 

Q1 

flajuv



Q_____“__h_L_____$_W

_ 

“ 
_'

. 

3’ 

J 
H 
_.§u 

dwhqns 

flwJJBrwHD/_ 

‘IT 

m‘\; 

)PH§hPo3A_1aO 

V

_ 

002 

O.“ 

Oofl

_ 

QQ 

Ov 

0“

9

_ 

g‘ 
_'> 

0’ 
‘_ 

“___'

I 

J§gZV© 

PUEO as 

2
' 

_'__’__

. 
p, 
__ 

. 

H

_ 

C

T 

§

_

_ 

__ 

V_

‘ 

> 

U

l 

‘I 

‘ 

L‘ 

"\f_v|| 

I|_:f 

3.

“

‘

l 

I

1

i

I

W__ 

/__ 

U

_ 

J, 

/I 

,

I

* 

I

_

/ /

M 
3
- 

9
‘

° O_

‘ 
ON

O Om‘ 3
f 

\u+ 24

Q 

‘awn 

_I 

ox 

"PC 

>_!_______‘____ 

_m
’ 

___1____‘£$__U}

I 

xuakdséiqu 

W) 

Fag 

“Dam

V 
Q! 

_N_Om_°U 

2" 

“WW 

180 

"mu 

WQVF 

uolgm 

P513 

azdnndi 

__§<<__ 

‘W 

8;

_ 

\_<1a5____m_ 

Q2

A

\

. 

D

‘ 

q__D_ 

3x5

V 

3___W



‘ - 54 - 

$_;€-'~T5°E- T€$T gumuxarof 

. ‘ 

<..=.@..>s¢>¢< W96: M5516
k SERZBQ hlu-~LB€R. Ca\'5¢_\j;, 

’_DJAT€, O; T€S1 2 4- -\u\.v 77 
__\;!31Fo€v-».E'-3 ‘Bu 2 C/‘4 TDE-J1 

CJ'F5_.\E-.<'-K'I~I€== Io be<q,Ru\:--1% pQA1'u.B€ of 1-5,; ¢Apg_;A@_e Iufgueuce 

0:0 EM <.=‘§,..\soR

1 

"°°" ‘ 3*‘:-'~"'5°3 3uSF€I~>b@P FQOM CARR1AG\E."B~1 'Lr~\sa|.A1't~\G\ 

$~\.PPL-1 (‘,,.»F::e_ueArur_J NQT '\>¢¢,¢M;p1-gb 

(A0 ¢wP~'E-‘> 09- wsawre-.vzv§. T-2:» C~AAu'uE.v BM»-su »:ece¢¢1~>~r;AL_ 

"R=caex>=,.-a u.s€>- 
. 

. ,_] 

" CAn::;na¢e. Rw-* AT 7)‘§, I0 °"""5 - 

CAP 1-.>s\-A~..~£I>, '76‘ E€PeAT€\> -
‘ 

%eR0 V 

T'e.="r Rva.su.u==_= -Ac-metro-1 qr CARBA Ge (_;=».»1"¢o=-S, QPiL€A'\'10rJ AT 'SF6€'b 

—?ea‘>“'¢"5 Lakae -\-g,‘,;s;e».1\-s -;,.> SanSaR €MTPu\"8 . 'T€¢A~.1s1q_»..>Ts 

"D, not ~+l~_.x. Same A"1PL.ITub€ Fm. Em»- Cb:-/\P6NG,P"\' A105 Aka 

€5\=¢.-;:=v 1>sc=e.q-»>¢.sr '1»: 
';w\P:.,:1'-we -Aflh 1>€v.n~>s \='\2eQ:~€~\°Y’ ¢F ‘ 

gefio <;,€¢_-9 QAP '1'&sf<i S310») *Y\§~qs:<-,'_n_s §‘v:n.4.. aBS€@.v'€*>.. 

|~1e.Av~\ s:a,»o~L. 1-W: 
$_’»-i=- ‘F.5=A$ ~31‘-"'“ 5"’1"=5' 

C7l<>~)c,;.u-s§¢>,.\\ 1__,4<;¢< of ‘P40:-za Quay C'¢-fI<§uRflf.n,4 3,;-¢e~4aT;¢,o z..t~\S1'$‘ 

M &e~¢e, .._. ¢,,..M4a~> M-abs on ]>1;r-7=eRe~1T;A_;, ‘R-rem-1A¢§. 
I~w¢~r¢ _ 

A-rrAc.».¢~;..»-vs: .- ‘$51!. €n.,£, Q20. ~>»-my "W =’/*/



(7
I 

0 ‘Ba-Qsan wee: M4-'='52,B 

.. _ 55 _ 

EM CuRE ‘ 
.2. i 

$>€-'_4$°¢ 'YT‘=$T Agu4WN\-Abf 

. ‘S;-Jam. r~J;4u.B€r~Z2 _¢_¢\3o\z._ _._- ‘£52:-16'/ED -~:=1<‘>ocw-\s-\Teb- 
' '15»-Te Q; TEST : _ 

3
_ 

K_ ___ ' 

i’BiFo€_vv-ED Bu : C‘-1 ‘mere 

Ia“ -'_\;-P\=2'oue um>ee.~sx-».,.>\>.m<5\ _ <=~F ‘\T>..> 1:n'r€M¢1=¢'~l 

win-\ EM Cu.R.Rs~1 §q,.~>$<>|\

4 

TEST ME‘ *°°'- -AC. Lame C.ou.P\-Eb "Ra.>€R- CQARRSAQE Qu.T|,E1N) 
H “'_R‘“""'*"'“c1. ‘ha Y~4¢\I~'°1 *" OR §€.v~'&eR In ‘PA;;. o~ 

c.#~P-R:-=~AC~: 4,3;-m ‘Bum %€fio'§P6€b 4-;¢;\_ 

-- CA\PJA¢E. <;-m:u»AP-v uO1'\'\-\ i\Mu~.m.Au ¢_¢,,..-r¢,,__ 

ENC\A\'aC-J>) E_,\__e£.1R0vQ!-C, Q90-$‘\‘9¢m, ;,..;¢,.\¢.,e> 1,4 H-1Q.“ 

A-v¢Y> La»-5 RAréG\€S ‘ 

CA*'~3P=<5\“- ¢P€Ro.1t~\<.'q A1’ €, \oJ2.¢,s'<> ¢.-..s" in 

TE-$1.’ RE;$\.;.L.:r§2 - %ezo‘$Pi¢-*>¥ -MA-mA|.. ¢<>~‘"=<>\_, €~KiA6d> -*- ~ono1'1oeAe¢.e - 

igsap 0“ CJ“\'~5€ T'~! §€Us4R O“TP“r$ 
'7?prm-me, J16. '_ €"e.c"'Q°"“'° CouT¢n\.. 5_;d6AGel> ,'i'EAin$:€§7\'= 

V 

"P261:-¢..c,e.> 

§,pwe rm _-No n¢~¢:¢eAau= Cu/w@_e I-= 3€'~\$°‘ 

'F‘kz. war is a go Ou.1'P¢4-TS fag Co»:‘bt\'xuo: A€M/€- 

Yves» CAP 
- C.~,e4=na.e I/on/1&1.’ - $s.~>So¢ ms» Pare, ¢Ar1~ cap s»Ms' ) 

,4~v~4A|.eu$ cweeenr Skembs “P To /0 cw -5'?‘ 
um M€ANS .6 ac-.--s" 

-— ‘[5,; TA-m NAN; Ghwb Tn1'k0buc€S ca»-urns 15 
E4-ee-\'eI¢M $1’s'r€M €ve~ was-9 S1-an-son My Fall e2e=:fi¢m<.C¢>MTR¢>'-- 

-- cgpR:&AG¢E S-2-O‘R=¢Au §ysrlz~\ CA»: :~>¢w. “Po1'€~\'=A¢.s A-r 

cumuw S=v~\=0R Ia :r_.»'S<>~.m's\> e.~uz9¢»v-e-\\' 3“.-PP4-Y 1.8 

-Ar’ Can-F-Els 
ATTA<z§(~xe-a'Y$: 55¢ F;._; {:3-1: J,“-4 

zg/s/72.



' ' -56- 
EL4\ <l~.eee..»-_'s?_@,~>s.¢@ 1-a.-.-¢ $,,..,_Mm, 

'$&~\S¢¢ TvP~‘é:!*\‘5S LB 
3:-_¢z:M.. Nu~LB€RI 
'|bA'\'€~ qr T'€s'< : 3-_?:4':fi'.*.’,“"7:' 

‘T~eR(#-012-Me; Bu: Cv"'>¢P- 

CJ'F2>A€=-<-tT\/E1 V bE~{geMx~.~»e. $e~,v~\S£>Z S"ev~J$:'H1\/:t‘\I7 To I~\EAl-ANC5 
rw t 'RawEF- $uPP1.£e:. 

Tern |J.§_\;~w\>"- s<..:s=,e Q_a~oF'=<&u£.6I> 1:~ 1>.<,\:<, #m\7<>1-) was-m ml-=~e

| 

.jZ—-_i-——————~-—f 4- -> 

Cad?!-¢=*> "Rvw=e ‘SQPPI-‘(~ "Po!-1.\'SuQ AANM HEG~,4w:n-IQ $uPPl-I'€$ 
1,4535 ggexeu Iwvavesseuwv. €=~s¢e. “Rv=sP-~s'a- MzASu&€b 
<=-~.> \3R...sa Rec.<>R§E.K . 

.Te.=>"r Rs,">u.=:= = = 

- -Ezxo wane $TABl-E urrnzd t Ic.»-S KB“? M11’ 
_. . § ~ f '==*-1-24¢,-:-+\é 

‘ 
u 

-.24-4-v—|6 

l 

4'0 s'¢»...s" A$ $“PPl-=¢= Wkrev mm 

Q-ZR TR-:.S $_§.~Soll "RIi,.;G.c\‘$0~> o(= "@|\-o€Rgo~PP|-r‘/" é - 

W (,14@,;“-30,‘; ¢,)Ag Nifurn OVER!-\-L. %E 

A1'1'Ac.;_w\<a-..‘1fr$ : 35¢, f-3.5, pa um 

R; fi>RJF1' SP€c:(=:cAf.\:m4 . 

2?/8/78.



. _ 57‘- 

EM <:uRRE,vJ\'~ E_;¢_~sag "\';<,-;-\- §w,,,_~,_AW_ 

1- ' ems) $1“-\'s¢-R wve: M52 (Min: 
E:-_R»+\L. wwqaea: 
"lb~°~TF- o€ Ten : 9 ~\m-v 77 
'T*=s=>.F¢,e~»ea Ev ; Q1 'b€g 

~\E- C 19. ~\'< <;uQ;a|z, §‘=_,_>g;T1-wgyy -(Q 
CJ'P_~,AE-C-t'rv~e: Tc, §¢\~=ae.~u* V» Q, A 

..§_ 

€\=“@¥°"* $~{$1'=»v\ QMTER Gu=w~-W$ /L-€A\=~c,§ Ant» ‘To Iqqeuz 
-‘pg 'Po‘Q€-NT1 ALS . 

Co»: x.<wB'='.> In L-4u=&e'PAn_ (W01) 3“; T€$T HOD‘. F 
sePARAve-v cw-¢@¢re> 12> $94902‘ $:s~m.' 11.? wA1e'.&- A use:-. 

_C¢../wuan ms I-..n-|=o\>wcJab- Tiae €eeaes ‘ReS:S1'A'|~>OE IN We 
s¢.¢.»~<> 652...,» var» was Qfikweu A~>\> we kesuw oesefive-*>~ 

-A be CA\.I5BQa=<aR- (\_.,.~:,-W» ¢»»§u=\>,B¢»r Isel-Q‘?->3 i»3~‘\$ “$55 7° 

'"oR:»=- “Pawt-,nT&m..s ~r».= Axes: 1:~ searém In -we ‘Mu...- 

-'*3€'~==<>P- ?'-*PPu/ ~— nd\'bacuM€»I1€b -~“s¢,...xe.ve\ To 7;: \?,men»/ 

- "5\z_u.su Rracakbek. - 

“FE-5T €_E.$\.»m.'v$=. 
V 7 $00 kn- 

C,o-)c,u.»s§<>,_\ 1 

- ‘=-'>\’“*=°4*$ Gu>\-*> = Mo u¢1'zoeAsue. €FF‘E<>‘\' wiru 12$ ,
) rQa1:»OeABu$ €Fpe<.\- ¢.J.n'u ‘R; £- to kn 

l 

\/G-B A: weu. A5 ”§PA~nn»_ 's¢Me DRSF1 <>sse.P._ 

ffiwrxzan) 'Sevo&1’1'IvI1y_
1 

-' _1>e“'°'~' 'P¢>Ye~*‘VAL; -. 4;»-me.~_v-v Ac <:¢m>:.:~e. xpteawab 
%yp.)¢Mf%an=l'A.S muse. l<;2=~:¢g. *3e,ww.r.¢;\ 
aka-::¢A»v..=.y _ 

- AJI-49¢ €<=-*$°R-S Ase A\>Pc.=e\ To sysx-¢M -Qm,_,_,_,-&€M€~n, 
- 

$91-930v‘-S @!@u.ubS Snow-I-B 3%. Avatbéb . 

/-\TTAc.+wua..~n'$: 3-56 egg‘ EMA
I 

’ 11/ /7s



-53- 
. 1.1 .7__.l. 

EN“ c“RQe'“7< ’*\'§€-'\' gulwhlgkfif 

$&~\S0& T3495 
Sauhx. Nu-M.E€R,‘ 

': M$2.2. CM.‘-h~uA‘tu|Z4=-_) 

"=bA'Y€ q: Tzs-1: \8 2.5!?-7 Jou..Y 

7""~‘RF¢e~»e=: ‘Bw ~ c»/‘Dee 

R~a»<>\.u€ Tue %Pu.n:o1»s op F-sq-r ‘Ps2§=oeMA~ CJ'E~..\e<'»-trvez jg _ 

( Q waves "17) _

Q 

2:»: vdmes. 

y.)A»le$ Man: 
> C4“ "‘l¢\"-"*5 I»: We LAB wzwa 

. $993» 
6% O.(3‘SER\/$5

1 

T»n\z=~x>§,$ fig, sq-g~;._>¢:,\ SEST Mgnob-. _.-=|’7§¢ 
’ 

~ 

A _ 

Kfuké EM Se»->842. 1>ac.'wv\e.¢-r-rev CA1-r. 1). _ 

. We - Tue '$1=,v~:t0&- oJAS F 
Iv->~(e,v-isgg ¢,.3:fi:v-*6‘ 

- ‘Viva. $\:.~s-on. MM C»->\='r.<;..ee\> A1 ¢=.=w boo\===x>=.= 1.):-rq 

€A~»e u~.>:rk':~o(;, 

- ‘\T~= €<-v's~o¢- v-MS Car-Y?"-86v-RJEB Qf wave; Téwsfl ,4:-ru 

Gammon Coupu:t6'> #‘§x_$Couu€-Ciib sill» CARLSNQ "—- %Q,;~__, 
‘DR!-FT L~)€€$ 

02:5.» 
FQPM WWGK ¢@'~*\M°'N--— “"1E=s:rbm~¢.. oppsgvs Ans 
Hansufiib ' 

“E5? R5,">u.v..-v ~: :

' 

- A'\'*\‘Ac.+|M6v~\TS 2, , > 
s Axe Cavafriféflf 

3 4 S drruru '-n>tv4(‘:\ %€h<o q='FseeI 
+ iv '7': Q,I4,\$

I 

- (J 1'-H CaRR.6:R _GROu- 
*' ' " 

_ 
IFIMI-46'r~ ‘fiwée. Y-Ami -20 +20 -70--V-’-1> +¢,<3 - 23¢,-...$ ¥—A¥~‘!-S 

r -1151' wxm-.w "§'P¢c.. 
8/-Iawe1> 

- ‘£>Qw_ 
' Ca P|.El> Paws: $,,;pp4,1'5$ vs w:|:-rd Ac. :..:~e u. 

S",\|c.flQaAlou¢._$ 

- Mme! ‘Ties 
'R~umce ("Ben-r.r~.6\ of y 1/ szflea-2 A-n> Emumcc. newA 

/was uxru 3;“:-ve oPeRnr:m). 

Clo-Jc.¢_-¢,»s!c>¢~\ ‘T’ A 

%€% opfser Surf-‘rs. 
‘ I~¢-=>=¢=<=' Gm»,-.~>.=-¢e\ use» zu waves APP!-SQATIOAI 

D Tue M266 Auomflwu-5 
AT62 

’T%aDuoe _ _ 

b s1PI’LI€S Aub G,¢¢um>s:> W -— /lQ,¢_;ue Qmme 
ub€RS If ’% ' uufii I..:A‘8u'».'-1 

ATTAc.u~u.=...11-'3 1 Q _ 

uzae A!aI$€ Cnu.P4.:r~)6\ Tb ‘Tie Ssnsok. unzcn Re 

:1/S/78



_ 

ISI

_

I

__

A 

_

_ 

§i_Z_'flm 

_

’

_ 

_ 

_

_

_ 

;_'___3cR 

_

_

_

_

_

N
W

N 

%£ 

gkb 

gig 

gwz

>

H

M 

_

>

‘

_ 

%__ 

"Eh

_ 

I 

)

_ 

‘_ 

H 

_

> 

H
>

_

_

_

v 

M 
> 

_

U 
N 

H 

_

> 

_-

Z

_

V 

m_in_

_ 

$2

‘ 

_ 

L; 

S 

L___ga_ 

_H 

ti

t 

__ 

_

W 

H
m 
q

M

_

_

_ 

_'_ 

_“_ 

>_ 

J- 

‘flap 

m_>'~”M_7_>___ 

Mb 

E‘ 

___ 

iv 

"N

_ 

‘éx

E 

Y1 

i

A

‘ 

1"-‘ 

_
_ 

_

_ 

V

4

_

_ 

‘__

_

_

A 

_ 

W

_ 

L

_ 

_U

_ 

H

_

K 

P‘ 

M

‘

V 

_inP_Mm'|v‘__L__'___

_ 

_

_ 

___pg___“_

_ 

__ 

‘Q4 

\ 

Mia 

'1 

iv 
_ 

kfi 

v_

H 

_~m~ 

_M__~w 

‘MH‘HHW\‘LnU_rnLJ 

_°_i| 

9* 

A‘ 

H 

u°_ 

_ 

l_u’__vP_1"‘

i 
___w

V 

_

F 

__>fl____ 

T“
_ 

‘ 

_"l“_'-_i 

_W

_

M 

H

‘

_ 

H_ 

H 

_

> 

_
_

_

W 

M 
_

_ 

r"1:_

M 

u

_ 

_

_

_ 

_ 

__

‘ 

__> 

_

_ 

gang

_

H 

T3‘ 

map“ 

A 

_

V

_

_

A 

W
‘ 

_

_ 

__ 

_

_ 

Rm

W 

u_“§

>

_

‘ 

W_nip€ 

_ 

"gl 

L2

H

W

M 

ER

_ 

>”§_

J

H

U 
>

_ 

M 
M
‘

H _
_

M 
W

_ 

H

_ 

U 
_

_ 

W_8“B¢%__Lgm

Q

_

H W
n

_ 

~gg£_

’

M 

W 
_

>

_

_ 
H 

_¢3g_%

M

_ 

UV 

flu“

_ 

iatymddfi

{ 

'_ 

tr: 

1wE__v“_WMvv 

LWIIWM?

_

%



_ 

%
' 

mo 
7'

_ 

_

' 

A 

V

\

_ 

_

V 

_

’ 

H 
Wm 
Hm 
Mm 
Wm 
mm 
5 

M 
mm 
mm 
mm 

awn‘ 

NM 

Hm 

mMHW"Wm~”wW_H_A+H 

HWWMMWMWWMMM 

“W 
NH 

NM 

my 

my 

H#_‘_+_WHH_WW\_WWWW 

Wmé 

WE 

Wm 

WMwJH___mWmmmHm_m 

“H 
Mm 

_#WWiN 

Wm 
WWW 

Mmwwfihlv 

Wm 

E 
Hm 
MW 

fiH__mM 

mm 
mm 
Wm 

“NEW 

EN? 

E 
HM 

MMWMTHHM 

>mW_WWm%Hm_LPiV\HHfi 

HWTH_____H_Wxmfifi 

“mm 

Wm 

mmwmffiwmm 

WWW 

‘ 

L 

_ 

_ 

_> 

‘ 

l 

: 

__ 

5' 

It 

__ 

_;:_;_ 

_> 

_ 

_ 

__h 

3‘ 

_ 

_N 

_|__ 

HUN“ 

UH: 

HH__ 

Hi 

in 

NU_:“"HH 

_HH__ 

JUN 

H_H_ 

HUN“ 

mu: 

if 

Hun“ 

UN” 

“HM 

‘_ 

‘NH 

mmwmm 

Nd‘ 

ma 

mm_mlm_mMmW 

Hm 

WmlH___hHmN>_H__m‘_HH; 

__ 

%fi@%$%fl%%w%%%%%%%%%WwWw%m%W%wm%WW%WmMWm%Mwm%%mWfiW@%%%%%%%WWWWWWm 

_H_ 

HU__HH_w_MHHH 

H‘U__ 

U_H'__ 

\ 

x 

H_‘H“n‘HH>_"__“‘_H‘H 

H;x\H___HH 

'Hu_HHc 

‘MW 

HmW_"_Hm_vH_HHnw 

my 

Him 

ME 

mm 

H__m_wmmm 

mi 

mm“ 

1q_HmMW

i 

J 

* 
1

1 

J1 

ll 

J‘ 

‘1

1 

Iii} 

,__H 

Huh 

‘____ 

‘my? 

_H“J_Um_‘hHH_H|___‘H" 

u___ 

_H' 

J: 

pm“ 

“H: 

“L‘|:M_TI 

'A_‘_v‘L_LP; 

:3 

__:|F: 

H_l_H!_lh_' 

‘_'__"__!WL__ 

).'I 

__“ 

Y‘__~v:“_ 

4? 

’ 

‘T: 

__1____ 

__‘w‘ 

_H 

~" 

Lb 

fin 

5__HMM___i 

HM: 

_H_w__ 

‘Hi

5 

Lnlvmn 

mTHH¢MHnh_"mWm,“”“ 

;WLE_:Wm 

ggg 

pa; 

NV 

K_mmM 

mg? 

my 

my 

mm 

mu“ 

“Wm 

mm“ 

mm 

Wwmlmmmwnwwmmmmmm 

Mm 

mm 

WWWMTmmMmmWWWmmmmH~_‘ 

E5 

‘E 

Q95 

Q 
Z?

E 

mm 

iimmW_MWm_H%LWWm 

my 

£mmWfim_ 

mWW_m“ 

E 
Wm 

mm 
Mg 

mH____W 

kw 

m°_w__“_V___n______5______m___“:53” 

u____mm°__ 

O_g_m__n_o___° 

_P__:g_ 

Cm} 

_ 

‘ 

_

> 

It! 

‘ 

I

_ 

E 

||v_ 

{_|_T|_|_|_|lT‘ 

_l 

i‘ 

F 

_ 

__ 

_

_ 

_ 

_ 

_

v 

_

‘

_ 

I 

I_l+l_T|_||_

l 
* 

|_"T 

V 

T_ 

V‘TIUWY1_q|||“l|uv|lT;__|_|_;:__“|T’.J‘l1w!‘_|T__¢ 

_

U 

Tl 

H 

T|__~i 

Tl 

Tl 

_ 

T~ht_+i_T|_i|T]T_:1|r_ 

H 

II

‘ 

flWgmm_mH_Mh 

gmwmw 

um“ 

mm_mi_MH 

WmmmA|%‘W_ 

UWmmWmmWMmmm_Mm’$_»’ 

hnWflflHm_H___IJ_WMVWfiflHfiH_ 

Q 
H“ 

UH 

Wm? 

Huh 

$1 

Wwwwmwvmwfilm

Z

A 

Mmflnmmm 

“mm 

Hm 
mm 

my 
Wm 

fiMw_WmH_£_M

» 

__H_vH__A‘h’lH4___H,V1£mM'HMNhHMH_HHU" 

HT__HHHH 

HHl+_'w‘_HU_"+_k|_m_WH 

WW_U_~HW 

E. 

EH 

NIH 

wvhhl_____‘ 

“qwmmflmmmmwmmh 

“Wig 

Ww‘_i 

WW‘: 

in“ 

NVMHHMHHW 

HH_|_v__H_WHT§ 

%m_nuH,MrWUH 

WWMHVFHWWM 

Him“ 

mm 

mmm%MTM_fl 

imm__H_mimmyL 

__ 

‘ 

K~.. 

V 

VI 

F‘ 

l_ 

_ 

H 

:H_ 

‘ 

J: 

NH

I 

“at 

k. 

N 

__ 

“" 

h 

z 

:1 

11‘: 

“UH 

“UH 

iumunfi 

HE 

:_ 

Hy”

I 

“Y 

Huh 

"H 

HE 

nu

M 
Wu 

an 

NH" 

Hun 

UH 

"HM 

_HHH_I

_ 

“H? 

"1__:__ 

IN‘ 

“db 

“KW 

mi?’HflHmHHW_HhH___~_H‘ 

‘V

L

_

A 
Hi

Q 
UH‘ 

_H___ 

TH 

4+“; 

W 
I 

:WH_H_ 

WM 

“H 

I 

H_“‘:hn_'IU 

_I"‘n'HI 

‘ 

V‘ 

1

I 

I 
_ 
_P W 
_ 
“_ 

vuhvqij 

A_ 

_ 

"Hd_fi“HMM 

Hm" 

ml 

H: 

‘W 

flu 

fin 

xii’? 

T‘ 

U:

E 

H_]HHH_v 

Q

.

‘ 

‘T’ 

‘ 

‘I 

‘ 

‘

I 

‘

| 

_

I 

M_~‘~T 

'fi4_:'_#_r‘

V

‘

‘ 

q

H 

AT 

f_ 

q;&J_%1<T“ 

?;M"%W_¢%ix+%Tf?tqJJ_A1_i¢ 

~Mfi%%~A~ 

r¢_ 

‘4' 

Ll

1

_

$ 

0% 

_k£ 

U 

~iv_ 

Q

_ 

_

N 

_‘ 

___ 

‘F

_

V 

2 
__ 

‘___'_‘_ 

E 
____‘ 

‘fi___,m*

_ 

1 

f

4 

/__“_‘mmm_mwWmWmmm_mm_wHHMvWfiMHmmw_Mmflm_mmHmW_mm 

mg“

H 
>_ 

_v 

__¥__|_ 

‘A 

C 

'___fl_%Mv__ 

‘HHHHn_"_ 

_)}___“r_ 

_'

_ 

_

_ 

__H J

_

_

_



M'@__' 

’_ 

_

[

‘

I

i 

5 

i___i_ififlflJHH4H_di 

fix 

inH1HHH_“_H_UWHnPPH%H_HHHm_MmHhummmmam”dmWWnw_WmWW”HWWh__mmfim,mm_mmmm_mWmmmmmmmmim 

Mmwmwmfimm 

mfi_mmW_mm__Mmm:%mmmmmmfiii 

mi
_ 

mm 

W_fi_fiq 

%‘H'>“VW@HW@_">w_,LnU|v 

“*5 

Aug 

_Hm;nwHHH 

HUI?” 

hn_MM_|‘wHmPVH‘_ 

4F|F_4__._A‘_,A_WL’~_k_L_tkF__tPL_ 

he 

__ 

__ 

‘M 

‘V 

_ 

__ 

_t__’

' 

‘F 

‘mu 

Mhmwwwmm 

mg 

mfi_WHmHn__mU 

“vH“L____Hm 

mm“

H 

T 
H_ 

Mir 

HT%__

_ 

it 

___H_H:~ 

__w_mHmM‘_H___H_M_ 

"hm 

__£~_ 

Hmm____ 

I 
m___h?_Mm__ 

Mwmfiw 

mm‘ 

Him 

E 

U__‘vn°m}___H___ 

M“ 

H'HW‘_mmm_ 

MT 

HEW 

up 

_H 

mmwmm

' 

L: 

V: 

‘hr_]2m_g_tPrLy‘__ 

‘V 

“X”, 

L1; 

’H___‘___:_____v 

h___ 

rl: 

V:___T|_,l_:‘*“__E‘uL|ikF_|__ 

_;__ 

__ 

_’_‘_]_“pP_‘_ 

K: 

_“ 

M 
_|)|; 

___‘_LLk 

:__ 

___ 

_ 

__ 

7"‘ 

5‘: 

‘ 

1: 

__ 

nu“ 

Hum" 

UH“ 

nu“ 

UNI‘ 

HUM 

“UH 

‘H 

H___HHH‘ 

H__H 

_v 

nu 

in 

HHN‘_MHHH_ 

“Minn 

H 
H1“ 

Hpannuu 

H: 

HH__ 

“UH 

HF 

“"_"_H|__H 

HUM“ 

_HH‘_H|_H;hH|V 

in 

_l_H;_WHH 

H2“ 

hi 

H_:w 

“HUI 

H|__H 

Hun" 

H“ 

_nMH_H:N 

PM 

“H 

Hqqnnn 

“_ 

IVA!“ 

“H 

E 
nu‘ 

_ 

H.“ 

M“ 

» 
‘E 

__ 

‘UH 

__n_H 

HIM

_

_

‘ 

‘III 

11!

I 

32 

_||]

' 

‘I

I 

WN_y'H|_qd$m,_u 

my 

Hm~v__¢__

_ 

_rV__

_ 

H_§

‘

I

' 

, 

‘_ 

__

_ 

I

_
V

I 

V

V

_ 

_

‘

_ 

_IH~“’_xH_H1¢_HHHH 

_H‘H4mHH’HWH‘vHH_ 

UH“ 

_¥h H 
an 

Hr 

___MH__4_|W 

Wflfiwkm 

mi} 
fl__H 

rH_";_>v“‘H_I__v_H__4 

“Ww

_ 

1“ 
Z 

_ 

_JW__m 

fig 

ff 
mm 

fig 
mm 

mm 

?_f_§_M_MH 

an 

at 

v_qH_PHH_H"HHH_JH%quh 

H
V 

W°1:__‘mDVT~_ 

__4fiHmW_HHH_IHh_m 

Um 

mm“ 

Wm 

“mum 

“WHEN 

___mMH’_AmmmH 

_"Hm_mW 

WmkMmwfifi€§n£Q? 

Mimi: 

E2“ 

EH_%Ifiu£“hWEE_a_€ 

gig“ 

Ed 

A? 

H;_;_v 

i|V_n__H|_£_ 

in 

imm 

_HHHH#_ 

Mi 

_l€_mM 

HHU__HH_ 

QM 

"W 
Lu 
Kw 

FM 
E 
Mm 

Q 
Wm 
H” 

Mm 
Mm 
MM 
HM 

"_UH_HH 

HH“:_H 

U_‘":vH_h_ 

__ 

h__H_‘HL“ 

‘

' 

_ 

My 

_H 

‘H_l‘Huu_“‘ 

Hm_

_ 

U 
__ 

HHU_H_u'H 

in 

WH_v‘_v_HH__H_:HuH_"_HH_H_UHTHH“ 

v__u____H___ 

H“, 

an 

:__ 

T???‘ 

Hu____H__‘>"_‘“W_ 

HM: 

Hm: 

HnHU%"““N 

LIL“ 

in 

“TM 

‘TU 

___H 

“Wm 

In 

“mu” 

“_H_+“‘_W 

_mHH 

in 

H"HH__1H'HH_'___HvN

E 

HH£'_hHUH 

H5 

EH 

HUN 

“H: 

H|___ 

H>_U__H_' 

__ 

:2“ 

UH“ 

Hun’ 

H‘ 

H“ 

“H: 

Wm“ 

“Hm 

In 

Us 

£_’hU___ 

m|hH_HHHN 

“HIM 

n|v‘U"_H_WWHH‘W 

ti 

mum 

"mi 

mu“ 

U_MnHWMW_M 

ix 

H‘ 

H“: 

H” 

PH“ 

flu 

H3

E 

_»_m_“ 

_‘_'__‘_ 

E 
1
H 
“H3 

L“ 

nA_H>y_“‘_ 

MUN 

“H4_vH‘_'__ 

wv_J_'qH4'_fl‘_M4+H"L_J_|_)m‘ 

_U_M_‘_|____'n%HN 

J: 

‘P: 

‘L 

‘U 

Y‘ 

__

I 

hm 
Pl

I 

xl 

‘1 

I‘

' 

|_ 

ll’

‘ 

Ill 

,lII‘|_1’|l 

I

I 

||_ 

I]

-

I 

ll 

If

T 

kw
4 

WWW? 

H_4HW____WTh,Vq_H_H_Evy“? 

m__‘~I_“|_‘v__'_ 

E 

H‘_W___MnWfl_% 

_l'v 

%pWlH_+W 

1 

l‘W_|MU+__H__WW‘tW‘y'_‘mhv'@__$:_H 

N 
IMMJHLWM

H 

WW; 

¥_AmH_+z_’H_‘M 

U__ 

Iv} 

W 
W~__H 

kw 

vhW_v+W_,mm__m'__H|

H 

_I_ 

A_lA~H_H__‘_

m 

_ 

MUM“ 

aw 

WEWWm_HH"mHflM_Mm__Hm 

Q“ 

_U_fimWW 

WHWm_Wmm 

mmHM_mmH__HMH_W 

HMm_W_mWmWm 

mm 
WNW“ 

mm 
“mu

T 
%mH_%_¥i 

_m_mHm_*_ 

ML 
__ 

MN

V 

WM: 

MW“ 

gmfi 

“Wu? 

my 
H 
Wm 

_mW”W_m_rm::_ 

mm 

2 
igfim 

wmfi 

Hm 

“awn 

HM 

mm 

WWW“?

_ 

_

‘ 

__ 

_ 

__ 

‘ 

‘_

‘ 

i

_ 

I 

_|

n

I 

Li;

E

1 

L
Z 

I

_ 

__

_ 

___3

7

_ 

>1 

W‘

_

'

5 

__|_ 

ii!‘ 

I‘L_‘_q__I‘_w_'_|flvH“_‘v‘__u_ 

L
V 

__ 

_‘__, 

‘__ 

'__ 

_u_Tfl{ 

l 

Vgdfl:

_ 

___ 

___" 

m__‘_ 

“h_ 

L:

_

: 

M 

A 

hm“ 

y__H“_':|_

I

_

E 
Wm 

1% 

mmm_m: 

mm“ 

Hm 

HmH_HH_WH? 

L 
“MM 

;fil__4m4__E_m4MH 

mu 

H_m_E 

Wm: 

ammmu 

mmQW_mH“w_?_m_ 

_:i_;HH__ 

___H%Hmm_hm‘~__>W;WHM_£4hHm_i_HmH 

"M_H“_mgm 

Wm 

_FHmm_§m 

iwwg 

“TEN

E 
E 

mmr_mmE 

5% 

um" 

_y_‘_, 

_yT)I%" 

_~ 

_"“|WLfl|_HMHJ+_d 

HJ|_nM’Hy_m_y:|_"_.__‘“‘_K_H+_‘_HTflflq|_JL{ 

__‘H__ 

M_w__‘nW4hJHl'__fl_“_"‘m_ 

‘_4w_‘_H_Jfl__ 

__ 

i___H:_TmTl'HH|__4H 

_M|__ 

U_N+'|;_qlHh__H_¢u___‘ 

§vHv__ 

_Li_Umf__”H_ 

mm 

WIRE 

mm__“mEvMHm__W‘HMW_Hwvm; 

KmAH_W"_ 

_I 

Hm_HMm_PmHhmhPHM_W_WHHlvmrHmMMmwm 

TwW_Ww__|~Hmmm 

h_hUm_‘_4W_HW__£isMyHMMHmm'mmM;m_pTm 

mm 

mémi 

S 

WWmmMHmWWP_E 

“Hi 

mWmM_fiWm$Ai 

my 

EA 
Mmwm 

am 

Wm 
my 

fi'_mm_[H’Em

I 

:5;

5 

la 

__£4_ 

_‘_%

' 

_ 

FIHE 

w 

_T__f"% 

W 
_‘H*H 

g_fi%#"__N_“$'__L 

__

_ 

_

_ 

_ 

J 

IT

1

A 

“ 

__

_

‘ 

_
_ 

__ 

AH 

__

_ 

HMWfiH__MH_||_‘_w_HW

R 
_5___w_ 

gab 

592 

E?‘ 

MM 
fin 

WW4“ 

h_M_{:'A__W 

Et_mW_UEM_§_m§mix“ 

WmMmW_w_m_ 

:;u_EmmH__|AflMUm'_ 

_

_

_ 

J‘: 

_ 

>

_ 

mac“: 

>8___n_;a

_ 

mg________n___=m__=I_m___m:_°au 

_T|+|T]_"|_|‘_y+!|_!L|jT!_H;|_Ti*'__ll_|+||T]T|_'|+'+||_TL|Tl]+L,|_|Z_i+_|4‘l:+_i|T|+|ITITLI_ 

TL|+ 

Tl 

Ti 

Ti

_ 
W 

_ 
_\_ 

__

~
_
n
_ 
*
_ 
_ 
ti 

T'T'“ 

_ 
_|

N

M

_

_

_

_

_

_ 

Y

_

w

I 

‘J 

I.1_|v'H"H“_i“Jq_|‘\uW_|_!w‘J_|_w 

HHJHIWJ 

UH‘ 

_ 

‘_ 

“q_‘H_‘H‘_‘ 

_P.l 

1‘: 

i: 

_‘_‘ 

I_

_ 

wfl 

_‘U__N"W__ 

_||'M_v_HH“_J‘y‘_|1___‘_' 

_: 

1'” 

_|'>__:‘ 

_]'4_‘fl_|L;_ 

____ 

__L 

U 
‘V 

U4 

v
_ 

I

H 

ht" 

'_‘]

r 

‘

‘

' 

all 

L: 

1 

‘__ 

HI 

:__ 

__mfi 

Hm 

‘wm_H%W_h 

E___My__\WmH__M__MH_iW" 

HHHfi~mH_"_HIHN__H_v_WM4WMW 

Q£W_fiw_WHm 

mm 
E 
W_m_Wfimwmafifi 

WWW 

%WE“WHmH_W_ 

WM_Mvm_m__T_hm;W 

fi_iMm_W 

My 

Mam 

mm 

my 

Wwmdmjmm 

“H 

m_Mm_WmWW_wHfiW_W 

1_‘4|_E___i 

_| 

_w__1_|v‘_I“;%:l_‘1;_‘i‘_|v___“i|_"w|_|VK’_!l, 

.v_

3 

ll 

"Ir:‘!T‘_;vZ_filgL|_|I;_\’ 

H}? 

H_

_ 

‘Va 

H‘

I 

I 

_m_ L 
‘

“ 
‘__ 

H

M 

1‘ 

‘I

I 

Tait‘

Q 

QM

M 

kw
Q 

_?

n 

____M_§___fim_E_w_§ 

HHi_'_HmWm?_HWWm>_M“Mmm%HM 

Mum 

@_WWmWHm;,W“i’_M‘mM_1_”H 

mmwflg 

E‘ 

Jgn 

"fin 

;_wH>M_~_M_H‘Ww 

A“1M_W_mm"‘~__ 

Ha 

“E: 

f_mm_Ifi__mH 

MM 

VAHMQ§_H_wmmm£m”__%MmW

_ 

_ 

_w: 

___ 

__ 

_"__"_ 

__

W 

T? 

_‘ 

__

_ 

_' 

‘W 

L’

_ 

"3 

__w

_ 

W__ 

__

_ 

m__ 

W’ 

L; 
‘I 

"T: 

I 

I 

__E_u_“_‘_‘_ 

___ 

4_ 

I: 

in 

in

_ 

("7' 

_‘_

L 

"if: 

_k‘ 

‘ 

__ 

3}

L 
'__ 

fi‘__H'_y“1 

L‘ 

Hv___n 

>_

‘

_ 

[‘__|H__

_ 

_1l_iq~_‘HH_‘H__

_ 

w|__|_}__M'__J_flJ_ 

_ 

‘|v_ 

_‘ 

AID‘ 

Alla‘ 

VHW_‘"!_U_|n|_”‘4UHWiJHM‘WU‘HHH_v 

_H' 

3fl5_“M_WHmUHMMfiiwm‘fin: 

Hnhrdnu 

"H__H'__u_'x

_ 

'W%‘HH~"fl“"_"h"“uqH_u___Hum_U 

I

_ 

'

_

. 

E 

J 

_;‘ 

I: 

lflfiwfiqljl‘ 

_>“_ 

Z_vfi)'_'_‘_l_"nfl 

up 

HG 

H_»ifl>__ 

Mu” 

H; 

“Flu 

U“: 

‘I 

Ni 

_V__ 

i
1 

J”; 

i‘ 

3 
J: 

__|_ 

'_ 

__u 

_
_ 

I 

!-fil 

1 

Ii‘: 

_mWWm§ 

WWW?mwmwmfimWNQWTWMAMW_mm_M:M4 

5 

WmiqmmMAMEWWW"MW>"MWWwWWHmhH_WPmM_" 

_imm_Wm“_vWWHH 

Hnilhi 

Wi:"‘W“__vm‘Hx£ 

%mKTJ'M__m~m4“MWh§qmu$~mHfiwwwmxmm 

"_ 

E 
mHM_mWW_ 

Mm“ 

mymm?IAHiWWMEWMWWUMTWHN 

MHm_HHH_ 

w_:H_r_Wm 

_H$fi__ 

“mm 

“mm 

mm 

imwrmmm 

WW~_flJmW,_MHM 

Em 
"hm 

HwMM_£l_a_m_

Q 
“WNW 

mg“ 

mu 
W? 

HE 

in w 
mm 

HEWHE 

Hm 

Hm_m 

mm 
MUN 

u_1__'L4’H_| 

__'_ 

‘H-l‘__v 

v_4h>‘h__ 

‘_'v_____' 

A 

__h_ 

“,|1__‘_r 

__‘__'I|H"EI___v__ 

___‘_ 

Fvlh-.‘“H-L"In“..‘_h‘%'ILh‘:.>l~1 

it

‘ 

_ 

V‘ 

' 

1: 

‘_h

I 

"_ 

‘H’:

_ 

VH7‘

I

I 

_j 

:|_ 

#1} 

w
‘ 

‘J 

*M

1 

Ti_HV_

J 
_: 

ha 

n“_Ewfi___§w%m 

Ha 

_

H 

N_\vHH_H_UH‘ 

>_ 

H_H_7_HWH 

H_H 

___ 

"_ 

Himm

_ 

;_H_>;___""_w 

in 

HE 

WMWWMTM 

AU 

mm 

my 

Hum“ 

Mum“

H 
Wmvmmwm 

EH 

awn 

mm 

_m__$ 

kw 

mm?‘ 

in 

uHH_m_H_N 

W? 

m_Wh__nW“‘__

“ 
in 
hm” 

WNW“ 

mwwglnu 

Uq 

Gm 

‘W 

in 

“UH 

“£4 

__

_

_ 

gfi 
Q 

“H, 

M‘? 

‘|%Ww_H_ 

Wt“ 

“H2 

I“ 

LL 

_H__H 

HM_H|___H_H:‘|_H‘m‘M|_ 

_ 

‘uunkumh 

v___HH___KHW_HH'_mh 

HE 

L: 

I: 

_H 

_ 

In 

1: 

HE 

L; 

W_“_ 

__ 

‘WL 

in‘ 

‘_q_

H 
}_ 

E“ 

Tim 

M 
'12 

“h_ 

"N 

“UL 

‘U 

___‘ 

bu 

1:

4

. 

_ 

___

_ 

“Q 

_ 

an 

hfl 

H 
_. 

U_“__ 

E 
Mun 

tn’ 

Hi 

U_U_ 

“Nd 

kn 
Hg 

HUM“ 

U: 

HM 

H"“H?H_h 

“W: 

HE 

“E 

‘L1 

in

G 

“IN: 

M1 

it 

M; 

EH 

xH:"_4__>: 

“Niki” 

‘HN_ 

‘H 

L‘ 

Hi 

fiH__‘__ 

Hy 

H“: 

_i4“q

_ 

__'v 

__ 

_l' 

__
q 

“£1 

__

_

_ 

_:__ 

I. 

_. 

“in 

“nun 

‘HUN 

Waflwnuimuwm 

HUN” 

UL‘ 

HUN” 

“UH 

in 

H" 

H“ 

Hi 

HT; 

nwwqnm 

in 

kn 

'H"_

T 
mg 

_“MWm_:__ 

3“ 

W; 

H:m_n"_ 

“HT 

nun? 

MHI{Hx_ 

5‘ 

__m 

Zr 

""m_h__mfi§fiEm§"“*_fim" 

FL’: 

|__

z 

€_| 

'_ 

V‘ 

L1‘

' 

"V

V

_ 

qt‘! 

_“‘__‘_" 

V’ 

‘ 

_‘ 

_r_

‘ 

fl 

’

‘ 

__ 

_ 

__1__ 

4'. 

: 

_p 

:_ 

* 

_ 

__ 

-I. 

_

_ 

"4 

_v_ 

_ 

MmHhm?m‘mW_mmmW 

MUM“ 

WMmM_vH'M_‘Wfl‘mHU 

mm“ 

WE? 

_Hm_‘mP 

Wmh_m"|_!'~_mH“m 

WWW 

mmihmm 

fim 

Emmy 

Wflhw 

Fm 

NH“ 

F“ 

HT 

"hU_iq__vW_v_v___‘“|'1wlnH>m"mHEWH_H 

fi»Hw‘h_HNq%__H_m 

Xfiflg

_ 

MM 

Wm’ 

w___nm 

L? 

"u 

Mi 

Hm“

n 
NJ 
_|_
‘ 

mu'W_m_D_ 

‘Hum 

“mum 

W‘ 

mu’ 

U>HH_ 

'4_____“Pwfl 

L‘: 

_v 

___|_Hh|__ 

“_‘_)_H___“_hH 

P“ 

_H_H 

H_____v_ 

if 

H__

I 

_*_Et____ 

h|_H_ 

L‘ 

“NW 

V’ 

PM 

7‘ 

_H 

“EU 

U‘ 

NU 

'|V 

E’

_ 

‘z 

L4”: 

‘V 

!;_k_

_ 

____ 

E 
T
‘ 

_ 

__ 

Q1.‘ 

it

I

1

‘ 

“lb 

‘HF 

PM 

'_ 

ht

M

H 

mu 

L 
“_ 

2; 

1 

_|_v_

L 

“IZ- 

fi_"_ 

H 

__ 

7; 

_> 

_”_ 

_“_ 

_>__

V 

_" 

m_ 

_ 

‘H

_ 

W

_ 

~__ 

H: 

H____H4

H 

in“ 

5
_ k 

in 

H‘ 

____‘ 

_

_ 

I 

an

_

_ 

__ 

‘_ 

‘_

N 

,_|‘_H_UHHu 

__

_

_

‘ 

_|_H__m

‘ 

_,,>_ 

_‘

_ 

___“_ 

___H__,_ 

,~____ 

__h_ 

It 

‘HM 

___ 

A_____ 

__,,_>__>_ 

_,

A 

__i 

‘N 

,HUlH_’fl_ 

__

Y 

_ 

My 

_H 

MHZ

_ 

‘ 

__" 

__ 

__ 

_> 

_“ 
_H 

_“____

> 

M_'_ 

_:_”’>____ 

‘_H~£_____ 

__ 

HI“:

L 

__ 

__ 

3'

V

_ 

___ 

_ 

V 

___ 

,____ 

_E 

“__ 

,_

D 

,_____

> 

_____ 

F 
__ 

V___V 

LN 

__H 

_b 

__H_w“H_HHH



‘-+ cl in 
. 

~ 
. 

‘.1’? 
‘ 

~- :—.*'-*1~—~.*-‘;1?;¥ ?.>1~~1-3+’ ¥17 -1. ¥; r 
'*‘ .~fl+~+1—;~.z . 

-1‘:-~

1

s 

I‘ 
' ,;\=.1-¢‘r. 

In 1*: 1*‘ 4-5 

*1 

"‘ "“.
L 

,. !";: *::'.'_‘;»:;§.‘_'i§;§_: ,._,, ,1 ':. 

- 1:‘. ‘;;.§.i}Efi§.:

z
- 

-»62- » 

,1; 
»= 

..;.e...i HT g|mnmm||_;:|:mm|:sg1§§|_ 
x 

" 1 : 

I ll ‘I 

?‘*'=.. isu .1 » 

' 
' 

. ...;.... 
H 

JA 4-. 
‘ " V... .. "- '7. 

..|. _,. .4. 
\' 4 

‘ 
....1v ',- -- - "I : I I 

., ::|:i;-I1;--s...'I&:.i ">44‘ im. _ it; ‘_;i;.;" 
_"‘t‘

- 

.:!‘~..'1~;.§'.-+11‘ W 1' 1' ..‘.~.'"*»ft ' ‘ 

H e 
?". 1...‘ 

I W W?‘ Eli lllililfll Ii§%i||lHfl'éIll|IiI!E!!!!!:§

= 5%.‘? 
_::. 

_~.1' 

»

v I 

’ * ~ . '21 ‘cl -.4 _. ' ' 

5.. .v_ 5;, ,> : . 
, ;..., ;..;-;:_, .._..; . . _. ; 

' ....@.. ; 4.... :-.. :..: .;~... ..:. . 
» :';:..-.1 .- 

. . 1 1... . . ., . .... ...>' .. 1. N‘ .{_.,.,.. ‘LI, -C. YA, 1.... ;i., . . ,. . W _ 

II 

,.. 

""1 "5 " " 2" ' ‘;' 1'.-=. ‘tr. aux-‘:1 1:1; .. 1:": .. 
'..' '1. 1.1.." ;"..,!"1a :.:" 2.. :..‘ '* T11’ 

=§§+fr;§-3 ..;&;+.~:e-i;..§.%%;;.‘..¥:};.Tf ff. r~i-"E--....§.;§ 

“F 3:; 'z"¥t31"1 ‘£1-"JEL1-::1$‘;‘;" ,; P 

-._. 

...I . 

Hr’ ‘I - 
.....;;_ ..... ;. . . .¢.......i.; -.~ ' 

- 

' -- w » ~1-'— ~‘ 
,. . .- :1-.%~1 §}+li.'IfT 

':!*.. . 
i:~.i:'*.'.*;t!’: -in-i .1.f.:1 

"" “ 
:1 t"r£*‘- I '1'.- 

. 1 . .. 
‘ 

. ., . 

‘ ' M 
; 

. 
x:"l.":;’=" - 

!..: .. N _.__?. ..... M v*v-v.fl ‘._:.L ._:...., I. i’ _.. .,._ 3 .._,4 ._ ._ ,.. ,1. ... .. . .1-1 , 1..., . 

1.".-.=a.=."f"=.:".-ti 12;;-H-=z.~z1‘§ "-t 1.".%$|"=:'.= ~61» 5.1:. 1 
_%1*c..-91%,.‘-+r" I .4 U '

. 

.. ., .. . ..; .. ,.,1".j.; ;:%i;.ii!: ,1 Q42; Q... '._;..,_i,.,.1._;..;...;§.,._,. .,,.._ ... .|,.,_,‘.._____.____>_“:... .. 
,_ 

.._.. 1. ..'§..ix '1 . 

1_... _‘$.11:_ij::'.iEfi‘I‘ff1“iff.%fiLgiffijii 5* f:i?:.:‘T1_§77;T‘:.1j .:.!v,‘;;'i§:1z'{-i:;:};.,,, .11; 1-if-'I_$’§1?1;%?-!T?}j.;.::§1§;iIi'2z§i;§§fi_". : 

‘ 

. . 

.!"7"it..fH 12x1}. §-::;":t-.. ":1" :11: F71; .1 ‘::'1...',"rp: :?::‘= !"=",:" ‘ '21:‘ :*t.t:"‘.tI:"P::* "1 :1 j,.".‘€‘ffH-Iii. 2? '5 :.. .~ s‘ .. 

..;,_ 

#3; 

*5
~ 

noun 

.-..._ ..... . . 

‘J1. ..-. 

-I 4 . P1 it;-j ;’l‘.::.§.iL.~ ‘.22: ' 

_ I U -. 

-1. 

.§Y;5}].:;;:".:..§i. 2:_.1* 4li .::i i;._ Ti; f.Z'£ 

.=::“;t.. 5:1; if:.‘2 Y_"t.f! xiztmz; :_.;..§.‘. 

"I:'5?':1?T;T in: 11.: 77?‘?-'E'.i.-1: ';-“.77? 
. :. ...,.H- ...v ... .... .';a 

ii?! i..§ HQYQ E1.‘ 1-i ‘ix; 2.... .. ;....‘- -’;l4.;~; _:_>§ - -.:. .11. .- 

.:ii"§;:t":1::§1.1m‘:;1z'ftz‘:.'1:I51.‘:i"":f“. _. . .. 
_ 

._. . ... ...| ... . 

, 

' ‘H.‘1;.'w !§.1‘.fl3§ ,_ ;.;1 :v;i.!*T""i.".,;'¥?.iii: 2'.-f1: ‘.1353 ‘j“= 
}" 

1 \ 
' ' '=‘_._.L‘.h.¥_1 =.1#Hr;.".1.:!r:14.?. V. 

‘ 

'."i‘llj.1‘.{§i.$...?f.1 1-f" 1"ri11' 
. 

2:111 T! .. 

.....-:_-1.... 
. 

. .._.v ~. ,. .. |.1 . ..... .v.'. . .. . .‘. .. 
.‘ 

. . 

¢‘_L. ,. 0 > ,{ 3 
' M. .. 

it 
§ 1 ,...% ‘T ':1§ It 

'" L . M L}; "E 1 

i 

‘ ‘fit "I 
‘£1: {;;7..‘ Lf.1"f.'. :4 ¢1 ~1~ *1-~ v 

l -<
v ""f'f.-""'"*.*.*".'-'15‘. .41, fT ., ... -. “PP .. , 

.~-~~_~.-.4...-1 
.. ..-. .. .........,..,...,., I1.,...H....I .:, I... .. 

3 ,,.; ;..1‘. .. .1. ..,. J, M. ,. 

' ' 

. 31.3; f,i:t L2 g‘jt!-"W". :,‘z 12;: 2;'1‘..._t[:;-.."{iI ‘.153 ‘.5; 2: "{'; ‘_...!t.' :::*:i1';! 'i12,:;..,;....1.1 

_,_ Y 

"- 

70

. 

..- .. :;; .1:-. \ 
- ..¢ __. _.\, .4-, §.4 ..,|.1.. .._‘_,.,. . 1. .. .... :..; . ..-'...- ._ 

-. ... ' 

a .' 

~- ,;- -. .; ;.4.' -..T.'.§ 1 ,.-_.. .;;.-. _.¢’.;_.;,: ;.'. -,. .,¢.‘ . .‘.H.,.| . 

> 

~ kg-.’u 5.. ~ ~ £31 - 

J 1 
-1‘ .=r%"’=-='"-.**'+. - 

..... .5;-2%-Li“ 25.92.» 
J+'J*£1fi 

. 
‘ ‘i T.t_!'r 

1 H! -2. :"'.?: §"=.‘§':'§‘§'f‘ 5" ;*:“'f% 13. 13._:i 11214.11: Hg‘ {:1‘.1'f1:~r1 fir 5 .11 
{ 

.. 
'1‘:'j

_ 

lé 5 \l 
‘J4 H 1+ ‘ ). I“ 

4 
‘I4 

: 
‘I -Q k‘ 1- " 

‘ 

:’Ul.:_!.I.. 

.. I‘ 1.~.‘:... .1" ‘ 1"" " 

< 
__ 

~ .4- ;~~..J 
' 

1 

I‘ 1 44' i 

e r::nfi:m:sm:s:§.ia:=:::.
' 

.._...;.;.>* -' 
, 

'
‘ 

~;=~+ ;~ 

H _. 1 o 
} 

y ¥..,..z:.. .. .. .. 

& 

J X 1.} 
l 

i l kl W 1.. 
.. '.. :... .t|_. .... .1. . ,.. J. .,. ..;:. _.~ . ;. ,.Y.‘__' , )_ < 4-“, , ~_ W ii‘. L9‘. > 

. -..-. .. _ H“ H k 
‘ ‘t ,.l 

'l7_"I'“l "7 1 [. 1 ‘ 
’ 

t 

‘ 
I T. *1 _ 

'H‘ " 1'3‘ ‘ii; £;£:::t t:l:‘:;t‘;' 
, 4 v 4 

‘ ' “ '7'! 

K ii 1 . 1. 1 ::,€i:L§.'.‘:...i 1.‘ ...~:r.t. -.~,: .. . ._....¢..- ‘i:- ... 

;~."| "..,,._,..'.. .......,.....;...__.<.'.5;.....-.,_,..-..z|.....;,.i. 
-» --I11 -“ll--’1T~i I??? 1 

'2’ "' -~ Qggji. ' ' IN"”~§‘3i§'1'?5§*?§?-§§3“’:i: := .-‘t“:.:..::'a 1:. . 

" =1. "1 ..:r 
- 

1 , 
. \- .,. ....\.... ........... ,,.. _.... ..., .._M .,...._.. .............., ...,.....». ,.,...........;1 ,..|..,..HuT-~71. 1. .g 

Q 4‘ i HI ; :.. _&,A, ; T .1 , _ 1; 1. . . . .. ..1. ... .. . A 4 
Q‘ - ! 

j 
l 

‘ 4 ‘ LL ' 

I | 
: 

X I y] V‘iv ym J4 
‘ 2.‘ 5 Y" '~~1 ' 

i .41 ..: -'.“-J *‘. 
."."::.:;.-. ;::;':;.. ;i:'; 5:1: :'..: ‘:12. ::_-: .;: :21:-.t.';.;:.:.::..;:.t:‘:.1'::§Li::;.':;-i.‘;..;:';t_ 
f;;: t"'t';'l;:.i} ::i:";:i.; ';';;H.f:.:.: ;:.i1.i::;'; ;§._. ;.:..j ~14 Iii:.: ‘..:’ }t::;l' 11!.:.::.;".:;1‘;;r‘;'t1;:.g31j::;l.!i 
5-.i't13%-E,-5.1-3L§i;:.-44:5 *f;.1‘1; '";::t.: 1: ::rr=.rr;.:".- Ya 4211' P11 ' “ii - »='I =4 
|» .. "4., ';|‘< ' -|V 4-, '; 44. ¢.¢ ¢ A .. :-.. '- -5 

1*-

- 

»_. 

::3§ 
3: 

.11. 

,, 

ii ri 
-24» '~1z~1 ~ 

...._......_._. .-....,L. _. V _;.. 
5 ' '1. 

I 
; 

~ ‘li;§;[§'.: .;.s;{f:t..:_‘. L 1‘£iT..;;*,,:L...., Q... ._.. .f.. .31.. .._. :.., .-_._1_ ,H .. . ;... 1‘ M-.€ 7-A..1i.;... .2 ;-.1 va; ..+. .,. .‘..-.]..... ~.'-~---—-—~~~~-~-~-~ ., . 
—~—=—. 

. 

- 

. 
. 

»- .. r‘ . . .. . .. . . . 
. 

. . . - . 

. 
. .1 . .. .. ......§ .+.. ...., ...... ...., .... ._.... Q... u_., ...~ ¢_ iF1._+.., ...4 ....!E..! .!. ‘:7 ..‘.‘_: ‘.._:“.. _._.,:T . . ... 

- 1- - =1 
. 

. -'51-’1’1=’f if-:‘~' 1.-;;1.11'fj;1;"f%r$:~ :;1-tlrfa *;;z¥h:1Ui§i;€1:.-.1-mi-I 1:11 ;1§{1..:';...;t!:}..:t.:...1..,ll:*::~ . . ... -» 5.». 134} 3?, 4‘ “ 
- - 

. .1 - 
! ; 15.4‘ ..,_g,\.-‘ ' ' ' ' v:‘§\":--‘:4:7.~. -- -. 

I 
‘j-'; ‘_, ,"~..":!:1.:i'.ii'§T;T|: < )¢“AeQmb,}( “D 4. E?;..1;":'.1I'.fi ‘fjf. 

i,1.i.. .._v____ . . ..x . ...._. ...; ...l ...' - 1|-l "-<- | ' w -- 
I i 

Gould lnc.,_lnstrument Systems Division 

.._.._ 

<- ._ 

I--.

v
‘

- 

--_ 

- 

._.¢ 

4-1 
-¢_ 

4 

v-40 

7|-L 

..4__.

1 
-1. 

.. 

... 

.'f!§".. nu 
.1 v 

. 
'i .. 

MT; 
ix. 

' 1|. ."; |. 

;4.: 

L‘; 

II 

1.. 

,.- :- 

.... .‘..' 

4__ 
an 

_¢

4

e ~ 

Z)\=\'=.s2r R2PL|_Q_A'\-db an uz.a\.»L .s\>2..x: vmee. 
_

_ 

\.\..\c. swam V

.

I 
is:.;f=‘ 

'.::::::::.~@1;..........-.....~.-.~.-~1~+.~z.::::.:| 
. _. ...':'?.—r—‘-r"—. .. .-.. T_"T._‘T-‘.""I"?"‘-‘_. -.~, .A,~.- ;-.,‘.T-'- _' ~ “-47: ‘_= _.._ I. t"‘I;*7I: -$4.. .-.. .'=.T:.1:<.; 

; 

- .. . .. ., 

'1 
‘ 

'~+~1-" ¥i="=»."1YF"~!=:‘:* *1=i?1i?.1.; . 1f “?:1:*?.'=.?si'=.:z1'-‘ Jffii %*.$:3.,‘i¢i‘<#‘=?‘"."£-¥-.1.'??:11‘? + :..... W35‘ 
1 

’- mt ;§.i§::v;i‘§..;f_;.‘ »’1.TI‘2..2.i.'l§§-.“t'.iI§-f Fry‘. 
- . 

‘ 
. 

'-- 
, 

- ., . ,. -.. ‘ 

,.. .. 4 ..;..‘... -:. . ..: .:. .. -. ... . .;...l;:....,.‘,.1.',1}i 

"'1 ":1 1:12 “.1 .“r=" ."‘ :{a.I. .:..'.;..i ...!::. .. -. :.. .. .. .;.. .. .--:.. . ..:: . ....§l-.r;.:.f-. ..“.t: ',“j.1;‘,_,vg;;.I,_,f 1 
3 ._ 

' 
. .=._.',.'......,-.; .. |...:;;....,.M..'i...:y, < ‘ '|;;;:. l;..: ,_~.‘.._.... ‘.|.;|. :

/ 
7:": 

f§"'.33§: ‘~§f';§":§";: 
' 

". 
' "2 :‘!; ,iI‘|11si:;:§'l_:_:j%,:‘a' jh-"j-.3? ‘i,.‘ "If§'i}f'.fI.f1})!Ii!..',,§I1f[‘.§_jji!i:§‘ .;_Ifi:32].".'|f'!.."i_,'!:i511,1"‘!;1.*'",‘:"“"" .-L.l._.__ ....__1+_,;--_-.0.-so mnIse¢:..L.;_.'l.._,~._-1-__|.._._-J...-:§+.....J- -_ .~~1--_. .-,+-|_.---~,-:~.-T1-..-7.7? ,-¢q_-<,._-I‘.-z.1-_-1-,_,_1-4:.“ . 

a 

* ' 

.11..’ 

'1‘;21;f:::::|;:i;‘L::i;t§::{§"-Hair}. 1=r1:§1%..:r§ ‘,';.:1“" ~~ 
" ’ ‘ ' ‘ "' ' " ‘.e1;.=?~.‘II?-2'1.»21:;‘j-‘;.I*1~§€»;'§~,~" 

=<.'f‘1-*'~= _._._‘_*".;-;'_"1=_‘_!_'.i.:_ H ""=; _"...;'.1-jf:.."...,'-. . . 

"j*'..__._’;" "'.."‘f ""‘ '.;; 
Ibllt ...v. .—~—P-...,..,..d. .., 

i 

.i.. ,. ... 1. .4 I. 
' 

. . 

' 

, 

K 

.'4+"~r, 

3,. ....§...!i; _‘.,_.;.:_ 
ll .1 '. - .| . ,1‘ 1 HI. ‘LE, l | 

, 1: n 1] W I 1.,..... 
I’ 

i

i 

+ 

.

.

1 

1: 

"| .1. 
} 

~11 1' ‘ .l '
~ 

' i AA 1. 
I Q 

-§ 1!"! l?!{‘i~-£1": i 12' grléiiif! 21:5 22.1‘. ::"v;‘:;%l_:_::t r;!.iI:":!;ii:*:‘:: -.11} .:[!;::His.‘::. "‘;';:.!'::'.E '.=.=.\" .: w§.z:':": : :;;'1":'I .111 :§'= 

pf}? .511 "~"}?E*-i-{;'§‘?*'%>§i.i‘-211.?ii.-ifiiiriwf... ..;..;;;*'1.1l @511 2;§£"I‘§‘; 5.5; <;.TT}Ei§:§;'7"a‘;3§=;JTTT?'1§.~?*1fi? .-1.5 .?Ti‘.?’-':1v.;"‘r[;#.‘1.*.‘~"§;*.,*.1.;.‘;...‘fiéii..%i=z-;;l§;~¥’.4:'?.:- 5.4.] .1.‘ 

"“““‘?‘ "i ‘*“-'1?‘ .523“ |-3%? ii F 

E :5 5'--*!i:ii!-:.~:z £§§»?‘::1' 5|':1@:~ii.i'e'::=i SH? . 5.-Lia‘ ~i~i=:::§!.1 €.'-+1-:5 ¥%i;1!:.l:2E%+&!‘! =1” é ‘.13 li.:. ,__,'4:‘ ;_“"1:.-.:'.;.4..1. L» '. '.1;=_.’;_‘=. &.-" .i.l.'.;.i.:i..**_iL'.'. L'.3J*:.=.'.ll. 14;} 1L.:;.._=-.1.1ilL‘.:_..I.:..;;.f;;1..:;;Jl:;zil.L.l;...... 

H11 .~.* 7; _ 
.11‘ iil! iiiéfilé J3!-':! M 1:i1- ;i;l|i§i!{f¥?33Ei§E‘§i%E %ii*¢£1§ ’f?; EIi@i;§é.3§»;§§ iv1];.¢: 

’ ~ :.;§‘=;:' .1 . --:i;z&§|;§i.‘.%%; ;1. Wig :§;?§!;§!§" 

3 ; .1, +41‘+#?l-;;f%fi%%*l<¢=i#%+%; 1+1»? &~'-t~r-:*a-:-%1-&%%-;‘;-;~.-.’-;:3; i-ta¥&§+;~ 1»! 1§~*§‘L'~i§"'IiI ;t%~; 1+;-i]+1-;' 
' .;*"' {~~;+.*'“ ‘ 

' 

1' 

.' ..: 4* ‘ii .9‘: :"' .:;I ..!:it='€i' :1: :'i1i;i? E22, "ii ‘.ir§.lZ?;':...{!. . . 
.1“: :1"»lI;t 121- ‘i=1 ;:;:1f‘ .'":*?-{§:i'=5§"; Y .;'='1-1:: ;i::. Hi! £2‘: ‘ 

L Au! 12.1 :.;? “.:**_+ ~_-.;-_-_._;._-_- -:11¥~:31!-.;=.-‘U1H1155->_-_1__~{_|-»___}l..;>!-if_ 
_ 

='1!-=.-._ . M -~r~|.=1.|1. 
:s»:==;.'i.- '1" 113;? -111. 1- L-1.1;! _‘ 'j 1\;'s i.2T§t§_5Th:::\‘;;i_1i‘i’T:1':T.:::L;§!.F?T ~ ""5-:1; f§:&"‘:,71_"".";5. ::.:7 4 .;=:.;’ 

5 

-""1*“1"=::I.' ‘I M‘?
I 

1 1, . I 
x . 1 z 1. 1 

‘
. 

-- -"P-‘ "-"-" ' "-~*T -t'-'- ~'— - ~ ft.-.-r.~]1. .-1-r
i 

a

|

I 

.... .. .. . .-.....,|. . ... ,1 .. ..%. ... 1. .. . 1.. A 14 - n :1 
_ 

._ 
J... 5-V F5 %-.’-+~,~I-:-&~;+i~;+; '-mi-at: 

A 

I 

j; .1 .4; 1. .; ;; 
‘ -- - 

~ \\ -. ...: '.. .. .l:... ........'|~-.-1 .;1~(-. L. ..‘_.1.:-‘I 
; 1 . 1 

‘ s _ ~ I 

.:;‘ £11.? §§!f;.'.:i§ :;‘:::}1:.':;:H'::;!: . 1.1:.‘ 1;‘; ; =}§§.:;'i;:,j Z.‘ . .“:,‘1z5..‘.‘.°!.;£";'§:_il:f.3ii=1:'i‘;t‘z.;:§,1 .§"!:!‘.¢;[;f': ':'.§"! " 

.a.f§:.;1‘:'~;.1;"""ir§_ 
>1-.1 5",,-1*='—~% 

. 
I 

.. ->l 
5.} 

- . .
. 

, '5. ;:i‘<‘.F" 1&1-1$i_._§? 

‘., ._ ._.__.iL_._1_.ij ._.__ L... ...<..._A,_ ‘_._,_,_.m.‘,., ..*___._.‘._,_ _._..‘._qJ_.f.~...{1}€l:::.t1‘:1i_ 
H59‘-I liq. T$.<F—-‘>.‘._ -—-—-—--.-.., 

‘.1; I. Ki.
. 

li- 

"7"§ :.§i:i:.::i;1iiL....:::f\.'t.: ':.':|=. : :1. . 3.1“ 1 '§§§|~..§ :§§3 "§§§i:.;: .‘§.i§1:.t:§.;“l:§.§}‘:.§"?‘.l:3l:§.§§t' *.1t?.{.:.§? "'5.i.¥‘Ii.i.-.'...I..;;I §..s'.‘..-'5'§3§‘..§':.§ ‘:§.".'E§-§1'.V'1'.1'3.i.‘Y :.t'i"§_‘j"i§L...‘.. 
:::t_'_.L.:l; ..."‘ '1; '*;<‘r|: .. ;.;L1“=§-"R 4.';"_;»11'¢_' "‘*'";_i""1"=L_T...s=“‘1""""' vi“ '""' 

i3_=_i;l___'"‘*;."..._i.s_1.".;_~__."_;..;: _. 'z_'_=1.!.;;.f;;_.‘..;_"4'.'1'1 """"'..1..'-"__1..'~*".‘r~"* " '
" 

4* 1:" -'3" 771$.‘-l 7*»;-.~1~ f-'-;1~--if ~; ;=:‘;.;=~£ "1 ;-- 
1 -T11». 1 .1 ‘,» 

. 

~'Y =1-g -~~;* = -;=v.-=_.:; -qf ii--:11; -; 
; 

;. 
F‘ -‘:15: 5*'"H1.5’?:!-17:7-'3"‘5:§:‘ 7-1: ::.§§ '.:.§‘.-‘ ‘.-.' T :53 :’§'§‘i'r;'é= -5:: §§*"'i‘§'§“i5‘::" 7T1? TE.-I.§'s..1§-::|iI..:E:.. . K1115??? ':‘i:;':.§V"-'E§Z“§..'" .17 "T7: 

! 
H 

, 

"-— '- ' 

‘-1 *1.—~.~' 1 ...|'. . ...l;-,..,.-...i, .."".i...l.'. ""'* 
.. .. ,,,., ll . . 

|. -|,.. ..... .14. .11. ...> ,..{...i|...... .,. 
\ '. .. .. ...., .... , ‘ _ .1.-. .....,,.... .;,.. 

. 
_ ,,...{....... 

_____1 _*t¢___i__,1__ __ _ ._,=_'_ .~_ .._..g.‘;_;1.!.:-_';._£;,_I;;__Z_=;_._i . i. :.

~

3 

.2 
- ~1"' 

~44 ...- 

‘2 55' 1 Z. 1.‘. -..;: ;:': '5: .f.-. 1.2% .221 ‘ii! If"-=.'I I11:-Iii? 
.‘.J.;_iLi.L;__L_." ‘L'..L__§!' __= '.‘.;;....‘.=.;..L;._.;.1;:i ..'...: .-'_1.1_~. 1-.‘ '.Li.E..‘ '- 

“” 

.1.. ‘.1. l'» . 

l 
1 

1.---'4" 

'1-1*. if ii???.1-Y2%-vi“;-%»§.ii=E%'.2%i;i1§: §i.~%;—i?;~; {viii ‘;f§?%=22.1i;z'.%i;i1i§;.i i;§;

F 

-.*+ 

.... 
..Iéwyé.§'?~’*§\}l~!\1~{A<§#~Q§M‘!/4»¢M#=#<'--.-¢§.~=-{#1 ». "' 

';i 
' 

' " 
. ii 2 .2; 

i 

‘;;...;f 51;: i{a :. . 
\: 1,111: HIM.‘ "~:f.:::~' iiI1!'fII§1I.“j‘ ..e;'z ' "" -‘ ' 

1 
" 

:1 "§- ";";; = ‘;"' ’=;;' 

-_> 

=;_*_11l-.Ei_L-_;.;_‘.._‘_:_;_4!LQ..;.L"_<v_3. L..‘_‘ .:" ..Q;.L;ii.j.1lLi.,_;L€..:..;il__ "Z 

..‘*r1"*" 
. 

T" .~,.—.".-1-. .**.‘.'* .. .11-—*-.:z~.~-.. 

_| \.. _ ‘ 
r 7 

' 

. ._ 
1 I I | 4 '1 

I 
. I . .'| . I ~ . | I | .'| w | l 1 A b 1



i_ 

M 

“_~|h“_UN+m 

|m___{~_'_ 

{V 

H 

> 

_§ 

‘ 

‘ 

__ 

I‘

, 

T

V 

_ 

____ 

____Fh__'_: 

_‘N‘ 

’_VIIM:___‘ 

_¢__‘_t__

“ 

-‘~“ 

__

_ 

‘ 

‘ 

__

I

_ 

WA”.

f 

JMHW 

~;_m

Z 

NH

A 

H! 

__ 

f 

WT“ 

JWW 

W5 

‘l 

*_ 

liq 

__ 

‘ 

I2 

1‘

I 

‘ilTh'||__l

‘ 

L:L1,_:|w‘i

I 

13”‘ 

Q 

‘ 

’ 

‘___ 

‘I 

V‘ 

_b 

lb“ 

fi‘~H_A

_ 

“MG 

MHHU»HH‘H‘__\_H!|I_:_Hm‘H_;_‘HH__H 

H 

‘HUM 

Hf 

“ 

Y 

'_;_w_! 

I; 

_ 

_'H_N|w 

W; 

\_ 

4HT_‘u_ 

__ 

_‘_ 

“I1 

_H_ 

NH 

41?: 

__ 

_'U|‘_l‘”' 

W|"v>__‘IH 

4_

_ 

4!i|I|_\4 

____“‘__ 

H 

I; 

‘N 

_I_ 

__H_ 

)_ 

‘_;__||n“_;| 

‘. 

I’ 

"'\

J 
WM 

H_mvW__M 

_’w__W_ 

Uh 

mu 
mm 
mi 

whM 
H_mWv_wW_Wh 

am T 
1 

t 

_a_WWW[_L_WMHW 

T”
_ 

mH_Hm_h_“_Hm’ 

MWNWFWW 

UH 

I 

Q5

*

I 

az 

'|$_ 

\___ 

19!‘; 

It 

:4 

C!‘ 

‘_ 

’_l,!|__ 

_£_ 

ii’ 

___ 

__

L 

__ 

_'_> 

‘V 

___ 

__ 

I 

1:1; 

‘ 

y

_ 

‘H 

“Q

_ 

Hm“ 

UIHM 

NH 

_~_'H

B 
‘MI 

2

> 

W_I$~‘ 

l|“H'_.T_IhM:l_‘Hv 

WflL_H_Wm|mlH_MIJnyHVh~K 

”~r' 

Ea» 

Hh__4H__VI‘HL,HWHm‘H_‘_T_“H 

“Marl 

_||‘}’H

_ 

Zr; 

_] 

~__“ 

'> 

:6 

___h 

V. 

4-:_wh_'_ 

__NH_Hu_HHH 

H>lH~_'h_. 

'___NH‘”‘H>__Hvh_m_l_w__Wvh_ 

H_ 

VhH__HH 

_4 

7 

l__v_‘___H__H 

__“

_

‘ 

_!__ 

’ 

I 

T
‘ 

“NIH: 

"2 

___;_v 

_

‘ 

__

V 

\_‘ 

_‘ML‘v 

‘um 

‘_

I 

‘Haw 

4 

rM>VH_Hh__ 

H 
“If 

Eh 

I‘ 

*>_H‘H‘H_HWh_m_HH_m‘W“U 

Wfi_l__m_h7H_ 

VI

I 

8'13":___vH_u_wH‘1HUM“:m_Uv_qmH‘“U_H_n_H_“l_H_H% 

“hHHHHk_H|_u_H>__H1|_h_ 

Hh‘H‘H‘lHVH_'_\‘_LHPhHlwH_vHy__ 

A 

_
_ 

p‘H_%i__ 

‘ll 

_HH|1‘ 

U! 

Hi“ 

{J 

“Uh 

V_%|___:_N____|_'M‘ 

HH_*Hi___ 

_H’_ 

__ 

__4__‘ 

_’h__'H‘__'%V'|A 

._4’|H_V_yh'|d|I_‘u_|J‘+\:|“‘ 

:_!;L 

Hm 

_“ 

I: 

‘I

I 

vlhu‘ 

'1'

1 

h 

;% 

1‘ 

‘

y 

Q 

y 

:1 

%_|__tV 

_1 

"_‘_“' 

_||H‘_']_k|‘ 

]'_ 

JIM 

__ 

_" 

"
I 

_

_ 

lfiyvq

T 
’¢ 

‘WM’ 

Y 
TIL 

_ 

_‘_ 

_’__ 

I____ 

> 

I 

_’_| 

V 

_‘_H__ 

_ 

_4 

V. 

|;___‘___|:_

q 

-._l 

H___|_’_ 

_‘ 

_:_l“

I 

I 

v_ 

____‘ 

_:__ 

W_ 

_v__n‘_; 

_

H 

H 

‘_| 

_ 

_m 

y__

H

_

m W

_

I 

,_ 

-

z 

I 

I- 

:__

1 

'1‘: 

1!

l 

ii‘

I 

Li 

ifinxzl 

I 

I! 

I‘ 

;“'l‘ 

i‘i‘: 

w_‘____WmM,ML_fl

1 

WW“ 

mum 

H_P;_W _ 

Q 

“w_H_wUm 

MM 

_M_W 

m__h_H‘ 

m_+H_H_H_”__| 

m’m_ 

1“ 

‘M 

__ “AH

_ 

MW 

w“_'_W|_WH%_M? 

H1 

“Qin 

mHV_W"_~WM_W 

5 
S 

__H%W___‘_H_ 

H____‘wAW_lnmm__‘HU_4“H~My 

W’NWH~H$‘ 

‘UNp__m_‘H_w_‘_W_wm

_ 

_ 

-_ 

Q‘ 

‘h_ 

1” 

M] 

__fi 

d

_ 

_ 

'1 

4‘

u

_ 

|§“>‘WHJ“\l1l- 

“nu 

fix’ 

Us 

rm“ 

MWJH 

hnhgnfi 

w 

‘H_H’_H_vi__Hm%_mmpvW_‘vW__,_‘WJH_ 

“UH? 

MW_hfih_H~N 

l,__m‘lI_HHH 

“hum 

F. 

WK? 

TL|%___|%‘_‘hH 

___H_' 

_ 
_‘ 

LFLV 

Hi” 

H_

‘ 

H_ 

“_'v_HH_ 

_l___ 

NHL‘ 

HLAY3 

“Iii.

_ 

EMU 

___H‘H.T_“HHM_H_xHH"'M> 

_~H 

l_ 

H_ 

*_ 

>H_ 

_,__ 

k__“h'HvHH_v_ 

_>%u__‘l‘H 

_ 
H: 

_ 

__ 

M 
‘MW 

_"W_h_“>

H 

Uh 

“L3

_ 

_

‘ 

“HF 

‘UH 

?_m_H_|hl~_n 

ft? 

_§W_i_‘tL 

_H_\_w,__‘"H‘H 

HH_HW____W_l'_ 

_H4H_‘_U__“_ 

HPHW 

_‘_“N1_MU‘HvW_

_ 

_ 

Ah" 

_, 

MH____‘ 

My 

H 

HA.“

‘

7 

M 

‘

I

' 

‘ 

_##

L 

_ 

Sf‘ 

‘gilt 

ti

6 

_M_MHh|MAHHHAW 

M_A$__M‘

A m
H 
T 

__%_|H_LWW___HV%WL>_v__‘MW

_ 

H_4|_|~HM_w_mMM 

mi 

qW|‘HUwv_Wm_W_WWUHh|wWW_"

_ 

_+_%1_’MMHM'

i 

“ 
mm 

{ii

I 

J[_}

W 

H

A 

Wm
ND 

_vl__h:__Jlm_

X 

WV‘__‘H’ 

.H_"m“‘m‘|HH_hhM‘_ 

M____M“‘_l___ 

"hm 

W_U__Mm 

’L>:U___ 

M__H__m~mH_~mH"_NM_ 

_Hm 

m_ 

___WWW_mU_H 

HW_m_MI_~>wWUVh 

v,HW_mHmH]WWWmW‘M‘w_m‘M~Mm_Mm_"_m_wHM 

I

’ 

_M 

“MW? 

mm 

w_
_ 

Hl,+v|WT_+H 

_iim_w‘L 

M
Q 
LE 

MY’! 

THA|;_H|_Wm W 
Hm 

mm_wW;_hMM__Mm__§_m_H_wmmmW_mM_Wfi_m_mW_m 

HMmTH_WinWM_imW_m’W_%T_fi_w_m

_ 

_v%_hNWHH'|_lH_H‘mW_yH'_ 

_HH___W_HHWmHH)tH_vu‘>WHNHmmmmW_ 

_r_1___|LTMm4\‘_H"‘vJA|W“ 

Hqwi 

flH"‘_"UJvUiHH4 

_mH_H>__H_M_W‘_m'Wlm|_H‘_Mm‘Mmmv_"m“__LEM

_ 

__vNW1“MH_w_HUm|mvO’l_M_H‘M_HLWAHqH”M_wW_“zM_ 

"W‘,H‘_ 

_!_‘_‘; 

_>HM‘_“_:__L:_

K 

1:1“ 

_:Hlmv_N 

__vm__my___HI___mHH"H_JVHnU_VmwHHH

_ 

v___H 

I’ 

“Hm 

__~"_HLHv 

__ 

‘ 

_N_ 

_ 

_H_H_._I_HH_HH>H‘_td|hH‘__HHHLTHp‘WHHHTHr_H"HHU 

_UlHHH_ 

Tmmfi__T_LM_m

PM 

T 
NH l

_ 

Tim‘ 

HH_’_‘_M 

1% 

_J_WHTl_ 

_

_ 

HM 

MHI_fi_I__WHM_fi 

7 
_ 

WW“ 

Ii“ 

m_WH_M“_mM__mhmm__H_Mm_Tm£_mV_M 

_mMM_ 

HIM 

VH_H‘|:_+V_Hl____‘Hw_M 

H_HLHmM_mW* 

h__'__HHH_M_H_H_T4Hm‘_

_ 

_ 

_L|_ 

‘H

M 

w‘|hH‘_HH|“_‘__HH‘L~ 

H5“ 

AddHWIUxH_wH‘~_H__H_"_fi‘H_hvHmvHH|_H_MM"N 

;_flH]‘___aw__HJHmJ__1fl1mJflJfl__WJ_J4Jn 

“>1: 

_V 

_!H__,H 

_m_‘_VWV_1V‘__J_vW_‘q|_ 

;’_“,_’_l__|“fl‘vHv_“lhHM 

_H|_‘:_A__|_MH;w_VMH_‘]>| 

?_UH__i__v‘q>_'HI 

N 

H'_“H___ 

duh 

MUN“ 

uh_HH_W‘Hh' 

“hp 

“DU 

H_H_HH_v_HU____hHHHug“_H:‘h_H1vHp__hH'_Uv 

HUM’

_ 

_K_H_HH%‘|g|_ 

‘_ 

_‘ 

_W 

H: 

U 

H; 

VZJHHHH 

M__t_H_|_“h_‘_ 

UH_H__‘HN_h\HI_HvH_> 

vv_fi_“H_m_hH|_h_I1|_‘__

_ 

WM" 

MM 
v__M|__ 

Em 
%_H U 
LW W H 

_,_H 

“WM 

MW 1 
HM 

$|_M_‘M 

HM 
_TUWm_IWWh 

WWW 

K, U_ H 
Pm 

WH 1
N 

_ 

ll 

Elm 

$_Ww__4i__vP_|n_m%m|H_ 

m‘!HWkH__"

i 

u‘

4

_

~ 

fit 

ML“ 

'T1%iTVp‘ 

1%;

I 

I; 

‘J 

I

‘

I

w 
hm 

%v 

a
~ 
w 

‘_ 

£ 
_‘ 

‘_‘_>UHl

_

M___ IN__L ‘ 

V“ 

if‘ 

HM 
UH 

W+_MMh__fi_U_M 

miuuw 

~_1'|_'_lh

A 

MT

HW M_ 
V M 
_H_ 

My 

lmhhm_“W 
WW A 
mm 
“W 

WmvH‘__ 

Pin 

H W WW 

mfiwm 

I 

I“ 

H;HW_W_$ 

MyM 
M 

WWHW 

MW; 

_ 

_M 

H_____>HH___M__ 

H 

HM;

_ 

_U___“_vhH 

H__HN__N_H_U_HMHHU_MLH;“_‘INN

H 

H_HHH_|‘___>“ 

_

A 

H_‘_l_W 

“T 

mm 
My 

vWH__vW___WH__M 

_ 

_|___ 

_|_ 

_|ML_IW_mmrVL‘4 

W_M|Wfl_qTm 

_»HmHW'MH|W;_HHmV 

it 

MFMNhHNm_HHm;d,Hv_UPTHuiuH‘ 

“MUN 

hH_lH___!mHHT__>U_ 

_H;Hh_hHhHh_HhhT_vwH“HHH

_ 

H” 

HH W 
HH H 

H 
“M 

A 
H‘_H H 
UH 

__MM|“|_H 

HM 

m_W__ 

M‘ 

W5“ 

HM 
__H‘_‘W

‘ 

A 

1 

4 

‘Iii

I 

‘

*
_ 

_‘

I 

V_WUWUHv_H_vW_fl_H 

;HLMHU 

H_h‘H_LI_HH_‘UHhv_|, 

‘H_h_WnU>HUHWWw_“v“hJ_uHH_H_|JHW_H‘HH‘_ 

UH 

Hnn__‘HwH‘ 

_J_ 

Hm__HdvM,H>_H_MH_l1H_“H_H 

xi“ 

___>mH“HMHLHvW@W|_mLh_HH_“h;HHwHHH‘_hH 

Hunfnufiuhnv 

MUM‘ 

hHh>HMvH_h_HH‘

I

_ 

anM 
fix“ 

W 
W 
NW 

m__mM

_ 

:5 

":1 

_| 

_; 

‘Ill 

1 

_ 

_ 

_

I 

_:"__> 

_ 

___"_!‘ 

_K_|_|Iv_|__ 

_ 

:1 

-‘

, 

> 

_|> 

ii 

_l‘|K 

_" 

['|.'j‘V 

_!__ 

"‘L\_'__"‘:| 

vi‘ 

l]+\“__

; 

"._ 

1 

‘__z_I_

‘ 

_ 

__i_ 

+3

_ 

_ 

_' 

>

_ 

_" 

WI 

_v‘_H__ 

v_ 

HL 

Iv
_ 

l 

_L

‘ 

Hy‘ 

__ 

v_ 

|_ 

4 

_v

__“M’



\\

A 

_|g|~ 

V

I 

_WHIiWHH>_HHH_Q\’H"_HHmW_mH 

__HmHW

4 

H_nH?“HWIHHH 

“HUN; 

$3 

HH“H4H__H 

H_HH‘__‘“H:HMN_HHHHWHH: 

U 

_‘__:_H 

;___lq|_|mm.m|HMm_m‘HHHH 

Hui 

uh“ 

"N 

hum 

Mu“ 

W": 

Hun 

nu“ 

“U 

_:n_HMH_ 

Hi 

:3 

“NW 

!h?“__W_'__h 

_"_:____l___‘_‘___ 

_'

_ 

M3 

M2“ 

HIm_HMH_LmW'HLHhH_)W!MWpHWmW 

MG 

_~ 

‘mm 

%_M 
mg 

E 

Mmm_M“_m_WWEEMWDWHWW 

mm_Hm_WWWW 

My 

mm 

“mm 

mi‘?

M 
J 

Q3 

mm 

E 

WMm>____HpmUvq_mWH_‘mmH_

_ 

Em 

H_iM:H__fiUimH_mM%m,WHW"_W4HWmmW”fiM 

mm 

an 
Mm 

mm 

mm 
mu 

Mm 

Wm 
mm 

Wwmfiw 

Hm 
up 

A_ 

in 

~‘_?WuW_H 

an 

Hm 

in 

HS 

E 

in 

M_AW~

M 

w‘__mW_M_mfi 

Mv%1HWH_w 

_flTm_M 

Mmi_i%M_w__Wm$_‘mv 

_‘_4 

I 

ii 

in 

5_ 

__1_h|_Mm

1 

Y: 

_;_ 

I 

__ 

H11 

an 

M? 

LU“ 

UH 

‘IVJHH 

“TE 

M: 

"HIV 

_:H

H 

lH_|__H‘~Hm 

H“: 

‘H_U 

“Huh 

HM‘, 

flu 

‘HUN 

U: 

“huh 

"Hum 

an 

uuWh_HMH 

w:_‘__Wu 

My 

EM 

my 

WWW‘ 

UMMH_‘_dUWH 

xmi__H'_‘_ 

_H_W_M 

_mWW4mH_“ 

mm“ 

HWNIH 

_vH_HH_l|:_:_ 

M
3 

_/‘_H_‘Uv~Hh\“q._HmMi 

_ 

’_$ 

yaw 

Wfinm 

WVWW 

M 

1|A"|__H_H¢ 

Mi 

UI_'%__H”h_,Wm_Hl_WH 

__l|T 

“WM_%_w$_HA%_M$vHHH 

“mix 

Hm 

Eh“ 

fiWm_x_M_HW 

hWJW_Kmw 

R 
mm 

Tub“ 

m_1lWmhH_dU'HMHW_ 

m%%fi%gTW£¢m€$%Hfim%mmmfi%%%mwfi%%&%W%%Ww%$% 

$%iwfi%%i%MM%%fi¢MM%%;%i%TfifiHMfiW%%W@Wh%%fi

_ 

‘V 

‘_v 

:“_ 

J]

’ 

‘FIN’ 

,“Lh‘v___:_ 

v_ 

4"‘

_ 

___‘__‘_v 

I

_ 

L_ 

H'_~___ 

__"

_ 

'_ 

__ 

_____w_ 

__"U_H_v____v_v__v‘ 

“L 

_H_>‘"__‘_____>_ 

_____‘___H 

>_>A___u___m_:j“__H 

LN 

‘N

_ 

‘_ 

m_i_\_um 

E 

My 

mm 

Hi; 

hWWmEmHw?_mm 

“WK 

mt 

mm 

EH_mWW_% 

mm 

3 
Hlwwg 

P 

_HWfi_ui 

_flj‘_m_fi1%_Mi 

Axum

2 

M‘|_\\H.Q 

E 

I_MH_H__H 

_HhH 

H 
“H 

HHHMVH 

“H 

“HM 

NH 

JUN 

Mg“ 

Mil, 

HHHl_1‘_H 

Hm 
WU 

W 
__HH_A_ 

an
H U 
WW“ 

_“1__HH_ 

uh 

mm 

iuhw 

Him“ 

_HWH_>H7_;mk§‘wW__WMAmm 

Mn“ 

“UH 

K 
Hm’ 

5 

UH 

u_V__HHHI 

u,K__£H 

HHH_%__HJmUHfiUHqW 

AA 

Wm 

'_____ 

“H 

_H_“ 

FT 

HH“H_HUu_TMH"_HHHn 

__H_ 

JUN" 

UH“ 

MU?“ 

It 

Jun 

Hg 

>1 

Wu“ 

»'__W_NM 

“W 
M 

_n_W 

may 

___‘ 

fin 

“Huh 

“U 

“UH 

“___ 

Q“ 

EH 

:HU“HH_H__UH 

HUM 

H_4_rh]_uH 

)Mr_:UH 

T: 

VHJAQU 

H“: 

'"__ 

__“‘_ 

"W 

H4 

_“__ 

: 

‘Hr 

_r_ 

_ 

__I 

HH__ 

___:__w‘lH| 

‘L"_HmLhhE_

> 

Hh“_|_h' 

___“ 

__lv 

T_ 

‘ 

*4 

J? 

___; 

LL 

:7 

F11‘ 

HJ 

__“HrJ_T 

H; 

“HT; 

WvHHTH‘_HHHI@H£_mHH 

In 

‘UH 

Hn__H__H_ 

_HW_ 

'hL:_: 

4_‘_ 

"UL 

__: 

_M__ 

"ZN 

“wk 

“FHA 

uh" 

A“ 

H? 

_‘u“__'*_HhiH_P_____HHH“HH‘ 

my 

__ M 
V__,@_L__M_v4?

H 

gm M 
___“ 

_H_H_H‘_m%_H"__HwJ_HHH!tmHW 

H_|_'__“mn“:LH 

mmMm_>mWmH_mHm‘WHM 

my 
Mn“ 

_ 
__H__ym

N 

an 

H 
5 

My 

M~HM_MHwW

I 

I, 

X

I 

11* 

in 

1% 

_%‘& 

W 
A‘ 

‘M N
1 

WWW“ 

_

_ 

> 

_i

1 

W
Q

L

I 

HE 

HHH“_n_"_ 

WWW 

Hhmuhhlw 

U~___ 

__Uu‘mH‘_HNH“_' 

1

‘ 

F 

1+

W 

WmW_W“m‘WUWWwUMm‘u 

idaxigfiggg 

‘U%‘l*’I 

WKkM]i?%&MWwWW

L 

WNW" 

__; 

>__ 

WI 

Q] 

*}1_t%I 

M
W 
“I 

In 

V

I

_ 

“in 

P 
_U

‘

W 

__A 

i 

_ 
u_‘_K 

'pMMk“|h_‘_‘__H_Wm_:mMp%VmP_£__"__m 

‘W; 

“fie 

Wuiwqbumm 

_ 

_‘KD__M_W___wW_N_n$M&1n_wWn_€_mm_mm 

2% 

mum 

:4 

mm 

_Mm_M?_W 

WNW 

E 
“um 

Wm“

1 
mm 
mm 

mW_mm 

mm 

MW 

E? 

MmM_E_fi 

WW%_WW_Wm 

Wwwwwmw 

H1? 

_

_ 

aw 

E 
mm 
Hm 
mm 
WW1 

Wm“ 

F 

HEW 

Wmmfw 

Mm“ 

WE 

HM 

W:

_ 

um 

gm 

gm 

W; 

HnWmN"_MMmm_H 

_wm 

"Hui 

N‘ 

_HM_h_v___1_h_hmH__TW_HH___HmNM_mm_MH 

_m;~ 

WM“; 

{H 

__m_J 

"Hmfi_?__VmWm_HHfiAwH_M

J 
WNW“ 

v_ 

_, 

__ 

mm__HMTHH 

an 
Hm 

_i__MUH 

__ii“HmM|Hm+H_'_W__UWMW__W’_WAWMWM_MMH_WWM_“MHu_WmWTMwWmmm 

HAM 

MVVMHWVNUMWWVWWHTH 

MM 

NH 
Hm 

Wfi_W__H 

|H|__T_h 

%_M 

m_mM_wWH 

Hm 

id 

“_'M_"__;HNT::3‘H 

at 

U; 

“HUM 

H; 

“Ln 

"4; 

"tn 

flu: 

“___ 

I 
H; 

HHHu_HH_Wd,M$m“ 

ml 

Wm 

him 

w__%nM‘_ 

wmH'____Ym_ 

m_H__ 

“mm 

“J 

fi®mHW%““_" 

in 

H3 

mLHh_H_‘_? 

___%m“¢m__wmH_M€mmm,“Hm 

_ 

_m"m 

Mu’ 

WT“ 

_

_ 

‘ 

_w<u_g__” 

E____m_g 

n_m<m_m_a_ 

0:6 

_v_____2__: 

cw? 

Z5 

Wm“ 

M 
__H 

‘Wm 

Lg 

my 

“E 

‘_‘_“_mHHH_ 

"W" 

Fm 

Em“ 

fig 

gr 

__ 

J 

“‘+“_E_?__‘H__ 

if 

v 

E 

HN_H_HHn£ 

>

_ 

'_m“'___Y__h 

J’ 

_> 

5" 

_b_ 

L 
_ 
‘ 

_v 

;"_ 

P; 

‘E 

|' 

my 

mm“ 

FWFLM 

AV 

_

_ 

S 
__

A 

V_ 

__‘ 

fig 

€%W 

ii 

M 

‘HI 

i__‘+.l||7|+'+|+|T'Ti|_||+||_|_\'Til 

;___l+|_!\ 

+l_Tl]_|Ti|l|T1__]__X+'_rl'T‘T|_l_iTL|+_

_ 

T

_ 

§Q_ 

G‘ 

g

_

_ 

5 
3 
“HM 

mm 

Em 

E 
mmgm 

“Mm 

mm 

“Mam 

“HM 

WA: 

nHJ|@‘h‘_H|_ 

PH

Z 
3 

.5’ 

LP 

E 

__x_ 

in 

‘WWW 

M|wW_ML_m__M$WW__WM” 

MW 
H 

wmwmm 

PM 

My 
f“ 

wfi 

up 
H“ 

Hi 

MUN“? 

H” 
mm 

H 
UL“ 

HM 

_MH1,H___hH\_H 

“H

_

_ 

an

‘

C 

_‘ 

1
_

_ 

T 

T“ 

__ 

‘H 

‘Q 

_ 
4‘ 

_ 

I

V 

“+ 

H'_:_ 

V. 

_ 

‘I 

_ 

’ 

_ 
_ 

H‘

_ 

_j

1 
_ 

A

I 

‘ 

' 

‘ 

V 

I 

II 

1 

,

I 

___ 

H‘: 

L? 

H‘? 

H 
__ 

H‘__ 

H 
NH 

Q3 

_>._ 

_v 

__ 

___; 

L: 

In 

_"_‘]:|>_ 

"4 

“__ 

‘E 

I 

>. 

Hi 

‘W 

v_ 

‘N’ 

_

_ 

_ 

ll

t 

‘ 

>_ 

_ 

‘ 

__ 

: 
I 

£9 

__ 

:_ 

Y. 

__ 

‘Ix 

_'_

_ 

_+*"?_¢TL'_‘kH 

W_‘_i 

‘M 

___ 

Fa“ 

hm” 

U; 

NU“ 

Hu_"_5 

“H 

HE 

"H 

up 

my 

HIM“ 

an 

“nu 

Wm 

R: 
my 

“T 

fi_d_“¥ 

pg 

Hm 

:5“ 

"TU 

WWW 

flu 

mm 

ml 

fi1HWm“wmLm_mWmm“ 

THU 

“___; 

nu 

_HU_'“_HH_W_‘HH_ 

M__|__“d“ 

UZL 

M5 

PU“ 

:P_ 

“NJ 

nu 

LL‘ 

_‘ 

“H 

vi 

it 

it 

:|__ 

‘:_ 

‘V

‘ 

1 
N 

Z‘ 

it 

L; 

£1 

___ 

_Q__ 

W 
" 

in 

1’ 

[J4 

_y 

___ 

‘I 

_ 

. 

‘___; 

__ 

“TV

_ 

__ 

_

_ 

__ 

v

_ 

M__ 

_ 

___ 

__ 

3'1 

@fR4}€?Yi§HH_fi€¢fH€u@%fi 

g%%fi 

»£?¥é%;@§:q£Ei:%;?Efi$fim§§i?fiEfifi 

Wmmmhfl 

___‘ 

I‘

_ 

Y1! 

1__ 

J‘ 

_ 

‘Q 

+_

_ 

* 

L 
t 

_‘___ 

WW 

i 

I 

‘ 

I 

_1m‘ 

V 
___ 

r_% 

Wyfim

H 

fil 

__ 

mm 

“II! 

__ 

|_ 

V 

V 

_:_‘v_ 

l‘. 

‘_ 

rl‘ 

__‘|h 

‘_“ 

A‘ 

‘_k

_ 

"_‘ 

'_‘__ 

u,‘ 

;'_ 

_‘|_

U 

_| 

‘ 

' 

V 

" 

ll’ 

‘ 

“‘““q

"

4 

___ 

_"_ 

_4 

_ 

‘ 

Ii’ 

v<_ 

_ 

_ 

l

' 

U‘ 

Y‘ 

‘ 

"_. 

_‘

‘ 

q 

___‘ 

rvt 

‘i 

;%% 

1: 

klh 

I 

% 

Hwr 

_:T‘l 

J&#%€ 

1 

I 

:

I

M 

I 

A

E 

W%WW 

"fl_mwWlm_HV 

J“ 

A_H$_hWMM_wm 

xi 

E 

‘_mfiM__%M_Mm__‘ 

Nflmmmflmw 

W“ 

"_hWw_” 

FM 
Hum“. 

Mm“ 

Hm_%_H 

Mvw_H_w_A_"~§HWHh 

H3 

_MWn_nrHMWFMVE 

my 

‘mu 

mm 

__§M_m 

§_H_Wm 

MMWMWWH 

mmummmfl 

mm“

_ 

U’: 

“V.

> 

_U_H___w

H 

_‘HN__>__: 

~__H"U 

HH_ 

U__ 

in?“ 

_:' 

HA 
MM
H 

mMH__; 

23> 

WU’ 

‘Lw 

$3 

|fl__H__ 

_“ 

J" 

_H 

___U__ 

__'_'_ 

v__ 

__ 

H___‘ 

H__mH_‘U£ 

U 
MN 

WM: 

q_ 
‘> 

t 

NW‘ 

HP 
_WH 

MU 

“H 
NW3 

H_UU_U>y___ 

HM 

in 

HUM 

|_'_HH‘F 

MU: 

1' 

HZ“ 

A 

___:|_| 

‘I1: 

I_ 

,_°

_ 

~
_ 

l

'

J 

‘F 

‘___: 

_

_

_ 
_ 

_ 

Tl?‘ 

L'_ 

‘I 

J 
__t_ 

_;§ 

‘_ 

|'_ 

M 
|_ 

‘WW 

mm‘ 

Mm 

HM?

J 

‘ 

_

‘ 

U

A 

Egg 

W 

A 

3

‘

_ 

m_ 

_v 

__ 

_ 

Jun 

_ 

‘H 

“H: 

in 

“___w_h1 

H5 

in 

“LE

I 

H“ 

It

1 

H; 

2’ 

“U 
H 

' 

____Hm“" 

Ind 

UP: 

HM“: 

Mud 

_v 

H“ 

"_"__ 

“NJ 

Mn

_ 

Hi 

mu“! 

"H; 

2 

A 
r 

tn 

W_N_ 

“xv 

HM“ 

I“ 

3)

_ 

H_

I 

_ 

_'

l 

____' 

‘_ 

_‘_ 

___ 

_I:i_l 

_;_ 

L: 

kw 

V 

‘ 

I 

'

_ 

__ 

I: 

__ 

‘D‘" 

V‘

‘ 

it

V 

_ 

‘_

H 

: 

If 

'_ 

' 

;__ 

P 
‘_ 

_____._| 

1 

_'_ 

___‘ 

:__ 

:4 

_'_‘ 

‘: 

"‘_ 

H? 

2"“ 

Hi 

_U_H_‘mHU‘__flHHu‘ 

7‘;

_ 
_ 
‘_

‘ 

_
_ 

_ 

__ 

>_ 

‘ 

‘___ 

‘
' 

“_ 

7 
‘ 

1: 

‘II 

:1 

I; 

2 

‘ 

__ 

_ 

‘_ 

_

I 

Ti 

____ 

Lflfla 

unilr 

“P 

“:2 

_“_l_ 

_‘ 

‘Jim 

‘ 

in 

‘U 

_' 

___ 

T 
"I: 

‘V

Y 

ir 

"I 

“A 

I 

>___ 

L 

ma 

vp 

____ 

UH“ 

“Hun 

film 

_

1 

1 

H: 

__ 

U‘

_

‘ 

‘tn 

‘z 

H 

H’

_ 

_: 

_

> 

‘I 

_ 

‘H1. 

Um 

“MW 

M_"_

‘ N 

'_mM‘_\w_‘_vmIM 

HM 

‘_ 

_> 

_H 

>__U‘_ 

_"_WHn_" 

mi 

UH“

L 

NIH 

1%'E

‘ Y 

U

_ 

‘MW 

:HHqV__m_E‘M 

Wmwwwmw 

mi“; 

HUI“ 

in 

:3 
Hg“ 

H? 

“J 

gm 
‘_N“_ 

W; 

in 
WM“ 

in 

via 

an 

zm 

5|“ 

Hi 

WT‘ 

“M 

Hm: 

EV 
Hz" 

m_U_?_‘_H

U
L 

E» 

an 

fin 

uh 

“H 

"UL 

"H 

H" 

hfl‘_U1g__k 

Ed?“ 

wrxnu 

v_ 

HE 

aw 

'_um_%m‘ 

HF

_ 

_m_i 

Lu“ 

Hun 

MN‘ 

K: 

‘hi 

_Lq_|‘|J'NH 

H‘: 

-i>vI1 

I 

_‘U_‘_ 

‘M“___v 

‘H5 

IE 

‘UH’: 

:1 

_’___ 

U 
yr 

“___ 

an 

nu“ 

w_U_v”H_ 

:3 

“HM 

H‘ 

2”“ 

“H 

Huh 

uh” 

UH 

Wu: 

_ 

"H 

N: 

Wu‘ 

M__n_“H"_ 

_N_H_H_H‘ 

tn 

3“ 

My 

4‘ 

H‘“ 

fin 

_||HUIN" 

“Aw. 

"___ 

1“ 

___“_N"h__ 

In 

R‘ 

h_y'H__‘ 

:3) 

a 
__ 

uh‘ 

‘J 

_

_

I 

2 
rt

y 

_ 

E, 

_ 

an 

‘

_ 

: 

11.“ 

__ 

Hmfinu‘ 

_; 

‘__ 

_1_ 

“ 

‘ 

Al" 

__H 

J“ 

; 

k

Y 

11:: 

~;_“___ 

H: 

J1 

‘F 

>1

y

_ 

‘ 

‘I 

V 

__P__Ja_HEJF_MUMTH

L 
_'__“ 

E 
_\_~, 

___“? 

__“_dE_m>_AH"AM’H_‘_r_Uv“ 

H_$€ 

:_m%m_fi 

Wm: 

___; 

E 
_ 

Mm 
“WW 

M: 

W_n_HHHH 

Q 
_W 

WWtm_3mWMmWM 

JUN 

%_.£_Wm_HFMM_ 

Hi_£m_“mHmmawlr 

Hfiwmhmwwm 

aha“ 

W 
_l;\_H 

_

_ 

__ 

Vv_ 

_ 

_‘ 

_

V 

WW 
_'Fv|_ 

__;__‘_,'__hqH>h_”l_“__NJH'_H"_L_H_Mw_Mw__£'IT_4'rP_4‘___£ 

__M__‘_V_

_ 

_“vH__H____ 

'____H_‘____u_4y____‘$ 

____

_ 

V‘ 

1 

__>__> 

__ 

___ 

U/TH 

H>_M___ 

NU__4:_,__T_l_> 

v_‘_v__ 

H 
__MH 

hi 

Hm." 

_H‘v_M4“ 

l|"‘v-‘Y 

F”? 

_\ 

_ 

__

’ 

__ 
_ 

_ 
_ 

4‘ 

’ 

_ 

I

V

_ 

MHw_£__ 

u£mTHvm 

luirfim 

F 
Wm“_k_[_' 

My 

K 

Pg 

¢_u£"F_m_hL4

K
g 

W 
UWHWWWWWMWM 

E 
fiplw 

H: 

mm 

wmmwlv 

H 

mm 

%m’W_mT_H‘Hm%_HH 

“Am

M 

EUm_WmH_ 

mm 

UL» 

Wm” 

qH_ 

WNW 

H“ 

fiwhuwu 

3% 

E

_ 

5“ 

“mMm%Efi% 

_ 

‘H

H 

_UH_'“ 

_H_ 

“Hy 

“fih_____ 

|__Hu 

HUI‘ 

um 

“NH 

I: 

_Hf 

“_ 

d__H|__A__‘ 

an 

:H_ 

an 

”‘_U_‘H_H 

an 

“NH 

“LI. 

“__“|\Jp‘l__ 

___ 

_H___ 

HHHJ 

__ 

NJ 

JV 
_:_ 

_ 

hm‘ 

_ 
‘M 

__‘_ 

“__ 

;_w"___ 

J‘ 

“F 
:3 

W5 

nuW 
MW 
HQ“ 

EH 

‘E 

“Hy 

L. 

“J 

at 

an 

mm 
‘U2 

“Ki

_ 

H“ 

nu 

Ha 

Ru" 

"Mu 

hxwmm:

P 
E”'”_ 

W" 

“Hm 

§fifi;é%EWiwi 

mafia 

fifi%Eq%%% 

{!§iE§%&H&H@fi@Efifi‘Ifi 

i§%§w;%§l 

mg

_

? 

“I? 

“___ 

F

‘ 

"H 

5‘

_ 

“_ 

H
_ 

in 

"_ 

QM 

_
_ 

_

‘ 

H“ 

Mu 

V 

1‘ 

“H1 

wh_ 

I. 

H 

uh’ 

L 
uh“ 

“u_ 

HX_H 

fix 

“Hr 

H: 

_ 

__ 

_ 

n

_ 

ltflr 

’_:P;

_

J 

E 
H>‘i“I‘H 

Hi 

J; 

T’ 

___’ 

-I'<1“? 

_l 

‘E

_ 

:1

E 
L 

Fm’ 

Z 
'M_ 

‘W 

_ 

‘Ad: 

___‘__"_ 

"U 

Lin“ 

Z 

Wm 
V“ 

hr 

__ 

rfiWi&m§uFfi§Mw 

___“ 

‘HM 

‘_

_ 

“ 

‘__“ 

__ 

H__H 

in 

J“ 

“HI 

__ 

:1

_ 

__ 

V 

_ 

v_ 

"H 

"1

W 
J 

I__ 

F‘

‘ 

H 
J 
>H‘ 

__ 

‘ 

|d__ 

V 

‘__ 

‘E 

_H 

HUHJ__ 

b‘ 

_ 

____ 

'_ 

_ 

__ 

_L 

X___h 

:__H“P__hH 

‘_ 

__“_H"_U_h 

:2 

__H_: 

m_ 

‘V 

_¢__

d

I 

Z 
H_ 

__W 

un‘HU_‘_

V 

Wm, 

“ME 

if 
W 

__ 

H“ 
_ 

Mm" 

h__’ 

“__"_U__nm 

H_:_HmW 

‘M’ 

_HH‘4 

_ 

H_"‘

u 

H 
"_ 

I 

mu 

“___ 

_‘MM__ 

Um 

m_"_";_ 

43 

mmhiwu 

mm 
N 

‘ 

_vH_HM“w"W 

Sm 

I 

I 
I 

I 

H 

In‘ 

Ma
g 

W 

1"

I 

__ W 
H 

_H_H>H_m;_‘%__‘H*_|pm_Hfl 

NH‘kMm__WH,_m___mINMH££___

I 

M“ 

rm 

m__’H__H'HH 

__M1vTi

H 

M:

_

/



_ 55 - 

Q=g\RRey~1if_ §_'§'e.~1‘5ae Tés-( '3“-rwN\AQ~( 

€.u..ss¢& T‘\(P€: MM$€'2E> 
. S:-_w.:m. N 

--_i_-_--n 
“Mam: C-013011 

'bA'w_.q= Tési: 24')?-,7 _\_>>E_<. '7‘? 

'T*v:n1=_oR-“em ‘av: BE 

CJ'%.~><a<'.trve 1 15 Ex/Au» /-r-re F'€A€IBIa.IYV ¢;= usI~lC-\ A T39-1"?" 

S¢m<e.\> 0.411-| .SufiQ0w~lbIv45| AM em C.uR&€N\’ Se|4Soe. 
_ 

y . D 

'P€0BE. new As A may e|\sv1&2<u~\M@~\T "i=6?" 5"’“° 
$1.,m|.A"f:.¢,q. 

‘

'

1

/ Mg »<>\>'- ‘ ' 

_ SErJ$afi Pawekeb 4,-IITH 8A'n_'e£:es.'
_ 

T5-Ya Cflamsfic. Bid” R€wF-9‘-‘Q 43°” 13 &E'<'°‘D Rgutfi 
-_.- aq Q,“ s0 CUM» "*r¢eev“ (HA~\>3 ‘Tau->€;. So/I,<e(> :4

k ~ 300 M-Q $#Tu¢»AY€b Sauf ?¢v._u-'-V!_0oQ C$€P~ 9'“-T FEW ' 

V...-$e~Son_ <=FFSe\' AoJ> I~)ozSe,M*=ASH6EJ>I'° l-AP~¢~<‘- "“='- 

A»-u> o.IIT-I S‘€'-{$03, L-)RAPP€b IN C.1.01'" ~ 

_.. "fi.A<n:¢. Baa \=-T;-vreu Tb ’PB.e.ue.-IT €\/APa&AT.I0r~§~ 

TE-=-T Reswv ‘= : 'PAT(.1 Eeflo oFFS¢T ;~:o:s€ 
- Y ~ +S».V 

X o-=»+S'»»V "l°"~Vfi> 

1s=me!eo.c,..- ¢°*‘§,§ 
‘ Y ~ -\o»v \§»\/Pl’ 

' +35-_"°*" ‘SMVFV 
’PFoBe ¥{oB€<»\\'M- 

C1690 c.u.~.s‘!o1~\ \ 

X ~'..3?mV ~|o~Nfl, +s'-P:o»~\/ "'S"“'//‘P; 

+S'v\~\/ 
/$ 

‘V3. Y ' 1'-#0-9‘/S'n~V 70“ ..§n~V ' 

X - MV ..- 3§'n»V ... YMV 
' Tesri Zr->bICA'T€ THAT S‘e~SoR aw:-Pm‘ rs SIM“ IN 

ANY og;s,_\15,¢;0,,) ,_);ra |5¢¢:~IQ' 1-Q6 $’uMouv-I9, ‘Bad’ 17447 352° >) Gufian (R€-*11*'¢ T° 6"“ 5““'°'J‘ 
_oq:p;;~r 'D€P¥.~1bS ad 3RZN€ Q1-'$\'¢I 

A"r"[Ac.g ~\e':'\"$ 1 .i_..i..l.i_-i-—-- 

:40 Mv ': 1 2.4 ¢-»~P~-'=~"» 

-m.» aw Test’ $9.0./\;sx~6~. "">‘“'“ CA5?’/' A 

<2-may Qeuau - 
_ 

_ 

2,/1» [Y0- 
flR9'4°7fi - :7/S/78.

4



_'55 _ 

5.0 CURRENT METER COMPARISON 1977 FIELD EXPERIMENT 

The experiment was configured at the WAVES platform, which is located 

at the western end of Lake Ontario, in l2 m depth, l km offshore. The 

instruments were arranged as shown in Figure 5.0.1. The data return 

summary, Figure 5.0.2, shows that few of the instruments were available, 

or operated without failure for the experiment duration. The Plessey 

M021 current meters sufferred battery failures. The Aanderaa RCM-4 

meters were not properly prepared for the field work. CATS l was re- 

covered and redeployed to diagnose a monitoring problem. The CATS 2
_ 

upper current sensor was damaged by an anchor cable. The VAPS - CM1 - 

current sensor was available for only the latter portions of the 
experi- 

ment period. 

As is shown in the following subsections, the Aanderaa performance ob- 

served is not up to that expected from a properly prepared instrument, 

and the Plessey 9021 current meter had poor compass performance. The 

current data from the CATS systems was studied exhaustively. As is 

reported in Section 5.6, the CATS l data was processed to compensate 

for spurious responses identified as systematic errors. The data from 

the WAVES system M50l Electromagnetic Current Sensor is not considered 

useable. 

5.l Low Flow Case: 16 - 23 February 1977 

The period l6 - 23 February was selected as an interval for which there 

were no sustained events of current speed greater than l0 
cm.s']. Figures 

5.l.l.a, b compare the speed records for Plessey M021 gurrent meter; 

at 3 and 5 m depths. Figures 5.l.l.c, d compare the direction records 

for these same instruments. The data suggest that the combined effect 

of low mean velocity and occasional orbital velocity combine with syner- 

gism to cause significant uncertainty in the current direction. 

The processed CATS l data (Section 5.6) is compared to the west 3 m 

Plessey M02l in Figures 5.l.2.a,b,c,d. The CATS data show no speeds 

Qreater than 10 ¢m-S-1, One may suggest that the duration and inten- 

sities of current events were insufficient to allow mixing to the 
CATS l 

sensor depth to generate a uniform velocity distribution. As well, 

the tendency of the Plessey to overspeed in the presence of orbital
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motion would support the data. The Plessey M021 transfer function imposes 
a 2.1 cm.s'] threshold value, which is readily observed in the scatter 
plots. 

The comparison data for the Plessey 9021 is given in Figures 5.1.3.a, 
b,c,d. The direction data shows that the Plessey 9021 compass was un- 

reliable. Subsequent testing has shown that the original equipment com- 
pass in the 9021 has inadequate roll and pitch gimbal limits. The manu- 
facturer has developed a modification to improve on this limitation. 

At this point, it is useful to compare Figures 5.1.l.b, 2.b, 3.b -- the 
speed difference time series. A11 three show, other than for threshold 
effects, apparent coherence. In particular, the negative speed differ- 
ences on 19 February, the trend and transient on the 20th, and the trends 
at the start and end of the time series stand out. The negative speed 
differences suggest that the 3m M021 may have had a threshold problem 
or may have been influenced by orbital motion to underspeed. The 3 

and 5 m M021 meters show a direction difference of approximately 30° 
on 19 February. The CATS 1 direction data agrees more with the 3 m 
M021 than the 5 m instrument. 

The East 6 m Aanderaa comparisons are plotted in Figures 5.l.4.a, b, 

c,d. The speed data shows that the Aanderaa meter overspeeds, presumably 
due to wave orbital motion,as compared to the 3 m Plessey M021. As 

well, the threshold for the instrument used appears to be 8 - 10 cm.s']. 

Statistical analyses were performed on the time series data to produce 
the Kinetic Energy Spectral Density Plots, Coherence and Phase Plots 
in Figures 5.1.5.a, b,c,d,e and 5.1.6.a, b,c,d. The Kinetic Energy 
Plots are variously scaled, hence comparison must be executed with 
caution. Comparing the total K.E. spectral density for the 3 and 5 m 
M02l's shows that the 3~m instrument indicates energy spectral densities‘ 
greater by approximately 50% than the 5 m instrument for periods greater 
than 20 hours. The local maximum at a period of 5 hours is 300% greater 
for the 3 m instrument versus the 5 m.
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Comparing Figures 5.l.5.b, d (watch the scaling) shows excellent agree- 

ment between the 5 m M021 and 6 m 9021. Figure 5.l.5.e indicates that 

the Aanderaa data is highly suspect. The CATS 1 data in Figure 5.l.5.c 

shows lower total Kinetic Energy Spectral Density estimates than the 

3, 5 m instruments for periods greater than 12 hours. Comparing to the 

9021 estimate shows a factor of 3 — 4 for long periods. The absence of. 

stratification in the experiment period leads one to suspect less cur- 

rent shear over the 5 to 12 m depth than this indicates. 

The coherence and phase plots for the North and East components in Figures 

5.l.6.a, b,c,d are included for completeness, but are not discussed. 

5.2 Medium Flow Case: 23 February - 3 March 1971 

The medium flow case period of 23 February to 3 March was selected as 

a more energetic period for comparison. Figures 5.2.l.a 7vd, 5.2.4.a - d 

show the similar plots as in Section 5.1. The 3 m M021 indicates higher 

speeds than the 5 m instruments. The speed difference plots for the 9021, 

Figure 5.2.3.b and for the CATS 1, Figure 5.2.2.b show similarity. The 

5 m M021 speed difference does not show the same structure (5.2.l.b). 

The Aanderaa instrumentagain shows overspeeding, compared to the 3 m 

Plessey M021, Figure 5.2.4.a. The direction differences are difficult 

to evaluate for the medium and low flow cases. An alternative comparison 

method would seem to be necessary. 

Statistical analyses of the time series are provided in Figures 5.2.5.a 

to e and 5.2.6.a to d. The total kinetic energy spectral density plots 

again show higher values for the 3 m M021 at long periods than the 5 m 

M021. The 9021 data indicates long period values a factor of 3 lower 

than the 5 m M021. The CATS 1 data gives total K.E. spectral densities 

approximately half of the 9021 data results. 

The short period (high frequency) end of the total K.E. spectral density 

plots show the 9021 and CATS l data to have similar values, while the
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5 m M021 gives 3.to 5 times the 9021 result, and the 3 m M021 about 
10 times the 9021 result. The 6 m Aanderaa current meter total kinetic 
energy spectral density result agrees well with the 5 m M021 for this 
G859.

_ 

5.3 Mixed Flow Case; 16 - 25 March 1977 

By the middle of March, the ensemble of functioning instruments available 
for comparison had changed. A second 3 m Plessey M021, on the east side 
of the platform was introduced. The 5 m M021, 6’m 9021, and 6 m Aanderaa 
each failed by this point. The Kootenay VAPS/CMI sensor was introduced 
for two portions of this period. The data sets are compared against 
the VAPS/CMI sensor for the two intervals 15 to 17 March and 21 to 23 
March in Figures 5.3.1.a, b,c,d through 5.3.3.a to d and 5.3.4.a to d 
through 5.3.6.a to d. 

The data for the first set shows the M021 current meters to compare 
quite favourably to the VAPS/CMI in speed and less well with direction. 
There appears to be both bias and dynamic differences between the com- 
parisons of direction for the two 3 m M021 meters. The CATS 1 meter 
shows lower speeds than the instruments higher in the water column. 

The second interval in the mixed flow period shows the 3 m M021 instru- 
ments to have recorded much higher speeds than the VAPS/CMI sensor. 
Comparing Figures 5.3.4.b, 5.b, 6.b -- the speed difference time series 
shows that the M02] are near replicates, and that the CATS 1 difference 
plot shows similar characteristics up to 1900 on 22 March. It is interest- 
ing to note that the direction difference time series stabilize after 
this time (Figures 5.3.4.d, 5.d, 6.d). 

The statistical analysis results for the two 3 m M021 current meters and 
the CATS 1 are presented in Figures 5.3.7.a to c, and 5.3.8.a and b. 
The total kinetic energy spectral density plots for the 3 m M021 current 
meters are near replicates, as are those for the north components. 
The east components differ by a factor of 2. The total K.E. spectral 
density for the CATS 1 data is a factor of 5 smaller than that for the
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M02l data. The CATS l data shows a separated spectral feature with a 

period of 8 - l0 hours with a spectral density value comparable to that 
of the M02l's for this period, although they do not resolve the feature. 

5.4 Special Events 

The period of January 29 - February 2 is identified as a special event, 
due to the observation of frazil ice formation in the water inside the 
legs of the WAVES platform. It is presumed that very small mean flow 
speeds must have been present for the frazil ice to form. The Plessey 
data shows threshold speeds for-the period. Unfortunately, CATS l was 
not installed, and CATS 2 appears to have been generating unstable zero 
offsets. 

The current events on l6 - l7 March, l8 - l9 March and 22 - 23 March 
were the largest flow events in the experiment. The VAPS/CMI Acoustic 
current sensor was installed for a portion of the first and the last of 
these. The speed time series for the west 3 m Plessey M0-21: Figure 
5.4.l.a, b,c; the East 3 m M021: Figure 5.4.2.a, b,c; the CATS l system: 
Figure 5.4.3.a, b,c; and the VAPS/CMI: Figure 5.4.4.a, c provide a means 
of comparing these systems with high resolution. The M02l meters show 
sustained speeds of l8 to 20 cm.s'1 for the first episode, 40 - 50 cm;s'1 
for the second, and 30 — 35 cm.s'] for the third. 

The CATS l system at l2 m shows lower sustained currents of 8 cm.s'1, 
30 cm.s'], and l5 cm.s'1 for the same episodes. Many of the dynamic 
features for the three speed records are synchronous, although the amp- 
litude and phases are not always in the same relationships between the 
three systems. - 

The VAPS/CMI data for the first episode shows good agreement with the 
M02l data, although the VAPS/CMI does indicate higher speeds at l800 
hours. The absence of the VAPS/CMI from the apparently most energetic 
episode is unfortunate. The March 22 - 23 event has a most interesting 
characteristic. The VAPS/CMI sensor shows the mean speed increasing by 
20 cm.s'] in less than one hour. The M02l data shows a more gradual in- 
crease in speed and generally higher speeds than the VAPS/CMI. One
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VAPS/CMI 5_ 
Figure 5.4 
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hypothesis for this discrepancy is that discussed in Section 6, regard- 
ing the sensing of mean current in the presence of orbital motion. It

' 

is suggested that the Plessey M02l overspeeds with the orbital motion 
until the mean currents are sufficiently large to enable the meter to 
respond more linearly. 

The CATS l response for this same period indicates higher mean speeds 
than the VAPS/CMI from l200 - l900 hours on 22 March, despite the depth 
difference. This suggests that either the CATS l system is aliasing or- 
bital motions or that the CMI sensor underestimates the mean speed for 
the hydrodynamic conditions prevailing. Both hypotheses are supportable 
in that the CATS l electromagnetic current sensors have demonstrated 
nonlinear sensitivity, and the CMI sensor has been shown to underesti- 
mate for some conditions (McCullough - see Section 6, Appendix II). 
These hypotheses cannot be pursued in any more than a qualitative manner, 
due to the form of the VAPS/CMI sensor vehicle assembly used in this 
experiment and the now obsolete configuration of the CATS system. 

An interesting diversion is that P.F. Hamblin reports that spectral 
analysis of the high sample rate VAPS/CMI current sensor data shows 
evidence of the WAVES platform vibration frequencies predicted and pre- 
viously measured. 

5.5 Sumary 

'The Current Meter Comparison Experiment of January - March, l977, was 
the first experience at CCIH with a medium-large scale field comparison 
experiment. The Plessey M021 failures were ascribed to the delay in 
recovering the maintenance skills and experience following the return 
of the maintenance program to inhouse staff from industry, and the low 
reliability of the Kalium batteries. The Aanderaa meters were apparently 
not properly serviced prior to deployment. The Plessey 902l meter suffers 
from an intrinsic design defficiency in the compass. Plessey offer a 
retrofit modification to improve performance. The CATS systems were 
principally limited by incorrect system integration methods, as identi- 
fied in Sections 4.l, 4.3.
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with the limited data ensembie avai1ab1e, one is not inclined to make 
strong conclusions. The 3 m M021 instruments showed symptoms of over- 
speeding,due to wave orbitai motion,when compared to the 5 m M021, 9021 
and VAPS/CMI. The 6 m Aanderaa showed a high threshoid and overspeeding 
The Piessey 9021 gave Tower mean speed estimates than the M021 at the 
same depth. This would suggest that the hydrodynamics of the Roberts 
impeilor mounting are better on the 9021 than the M021. This is consis- 
tent with the observation that the impeiior is close to the biunt bu1k- 
head of the Pressure case on the M021 and hence cannot respond as we1T 
to reversing flows as that on the 9021, which is mounted further for- 
ward with a faired buikhead.
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5.6 CAIS Systems, 

The CATS systems deployed in the l977 field experiment were representative 
of the systems deployed at Byng Inlet (Georgian Bay) in FY 76. These 
systems have been under development since l975. As this report has been 
delayed, some aspects of the CATS systems design have been changed, sig- 
nificantly improving their performance. The role played by the analysis 
of the CMC experiment data in this development is worthy of note. 

Prior to the CMC experiment, current data collected with the CATS systems 
was considered unrepresentative of the expected currents in the deploy- 
ment sites, despite some "current like" variability. This experiment 
provided a data set with independent information about the flow conditions 
which served to aid study of the CATS data. 

The two systems had the following form: CATS 1, a single current sensor 
at l2 m; CATS 2, a current sensor at l2 m and one at 5 m. There were no' 
other instruments at l2 m. The data were scrutinized by plotting the 
North and East flow components time series. Comparison with a similar 
time.series for a 5 m Plessey identified periods of low or steady or un- 
steady flow. It was evident from inspection that the CATS systems were 
sensing current, but that the current was masked by relatively large zero 
offsets on the components. Figure 5.5.1 shows an example of this data. 
The cause for the offset behaviour is discussed in Section 4. 

The offsets were found to be consistent for CATS 1 in any deployment, 
although they changed when the system was recovered and redeployed, due 
to a monitoring problem. CATS 2 showed greater variability in zero off- 
set than CATS 1. when the estimated zero offsets were subtracted from 
the original time series, substantial portions of the CATS data were 
recovered, and correlation with the Plessey data improved markedly.

‘ 

Figure 5.6.2 summarizes the offset history for the CATS systems. 

The offset corrected CATS data were plotted against each other, and the 
Plessey components,as in Figure 5.6.3. It is evident that the lower CATS 
sensors have a direction anomaly. No systematic resolution of this 
apparent T80 degrees rotation has been identified. On the strength of 
this empirical result, the CATS 1 data was rotated to agree with the 
5 meter Plessey and CATS 2. This corrected CATS 1 data set was 
for the comparison work of the previous subsections.
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CTose scrutiny of the corrected data set shows an interesting anomaly 
on February 24, 1977. Fig. 5.6.4 shows the speed and direction time 

series extracted from the Piessey, CATS 2 and CATS 1. ATso plotted are 

the CATS N and E component time series. This data shows the CATS 1 com- 

ponents to be switching signs (ie. rotating direction by 180 degrees). 

The speed is not-affected, but the direction data shows the effect. 

It is difficuit to postuiate a hydrodynamic event with these characteris- 

tics and the spatiai concentration necessary to eiude the CATS 2 sensor 

and the Piessey current meter. 

A more pTausibTe argument is that the eiectronics in the CATS 1 eTectro- 

magnetic current sensor, which determine the sensing sign, have an inter» 

mittent instabiiity. Recaii that the T80 degrees rotation previousTy 
appiied to the CATS 1 data, was supported onTy by an empirical argument, 

in contradiction with the instaiiation record.
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6.0 SCIENTIFIC REQUIREMENTS AND INSTRUMENT CAPABILITIES 

Scientists, with the benefit of experimental experience often define their 
measurement requirements in terms of what they believe they will obtain. The 
engineer is most often dubious of the prejudices which constrain the scientists 
estimate of their requirement. To paraphrase a similar rhetorical question, 
“What do the scientists really want?" The engineer wants the scientist to 
define his end product objective (and its acceptable uncertainty), reflect that 
objective through his model (more uncertainty estimates) and estimate the 
acceptable measurement uncertainties consistent with this process for a variety 
of environmental / hydrodynamic conditions. In the engineer's ideal world he

‘ 

would use these constraints to select the instrumentation and configurations 
necessary to accomplish the objective. For the constraints he could not meet 
he can return to the scientist to get either an easement in the specification, 
or recommend altering the plan for the experiment. 

Infrequently, studies proceed on this linear path. More often the constraints 
of time, resources and available technology precipitate a brief synergistic 
design phase where the constraints are recognized and a practicable solution 
selected. There have been many examples of the latter, not all of which are 
scientific successes. The costs of following this course are now coming to 
light as current measurement requirements move from the relative tranquility 
of general circulation as seen from conventional subsurface moored hydromechanical 
current meters toward the surface, bottom and nearshore boundaries. Here the 
dynamic characteristics of the flow field are nonlinearly mixed and sampled 
by conventional meters reducing confidence in the estimate of the mean flow. 
The attempts at engineering systems for these zones (VAPS - near surface; ~ 

CATS, CATTS - near shore; Littoral Drift - surf zone) have had both successes 
and failures - particularly in the measurement of current. 

The following questionnaire was distributed to scientists to glean an estimate 
of the direction in which the scientific requirement is perceived to lie. The 
responses represent only a first estimate of the requirements and should not 
be taken too rigidly. To organize this data I have plotted it in "McCullough 
space" (coined by me after J. McCullough - wHOI's discussion of current 
sensing). McCullough's analysis Okp,H) is represented by Figures §;l_and §;Q.
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V9 

>1 FLOW VECTOR CHANGES 

<1 FLOW VECTOR REVERSES 
" DIRECTION 

/' 
s L FLOW VECTOR REVERSES,WAKE 

" 

1r CROSSES INSTRUMENT 

FIGURE MEASUREMENT OF MEAN FLOW IN PRESENCE OF AN 
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\ 

6-1 ORBITAL FLOW COMPONENT (After McCu|lough(WHOI) 1978) 

SAVONIUS 
I _/ ROTOR 

c M I 

vscmson ' 

/""~__.-/< ACOUSTIC DIFFERENTIAL __--' TRAVEL TIME SENSOR 

0'1 
I I O 1 » 2 

V0 
aw 

INSTRUMENT RESPONSES, TO ORBITAL MOTION 
' FIGURE 6-2
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My M=space is a three dimensional space plotting certainty (accuracy or 
confidence if you like) in the estimate of the mean current versus mean

' 

velocity magnitude versus the ratio of the mean velocity to the orbital vel- 
ocity amplitude. Figure §;§ identifies this space with a hypothetical hydro- 
mechanical sensor of the propellor type represented. The plane where 

g%_ N] 
represents the limit of linear performance for sensors with thres- a 

holds, inertia, etc. The plane where this ratio ~ n-1 represents the limit of 
linear performance for sensors which measure in their own boundary layer. 
Here the wave moves the sensorls wake back over the sensor as the mean velocity 
is too small to remove the wake generated by the orbital motion in one wave 
period. when working above this plane such sensors must have a wave spectrum 
dependent relaxed error specification. Alternatively, a remote sensing 
technology must be applied to be free of wake effects. 

The survey results have been liberally represented in M-space-- the flat and/or 
warped planes are representations only. A special coment is necessary regard- 
ing the certainty axis. Invariably the replies showed a more stringent 
requirement for speed certainty than for direction. This was relaxed for 
the purposes of my M-space representation by the reasoning shown in Figure §;1, 
If a :5° direction error on the mean current is acceptable, then the uncertainty 
vector XV is defined. If XV is allowed to be evenly distributed in angle, then 
the inscribed circle of radius ‘XVI is defined.~ This suggests a much larger, 
worst case speed uncertainty than is usually specified. In other words, the 
direction uncertainty is a dominating constraint - except at low speeds. The 
questionnaires have been mapped into M-space using these considerations. The 
example for the CATS requirement shown in Figure §;§_illustrates the problem 
imposed by zero offset uncertainty at low speeds. 

Figures §;§_and 6:12 show the estimates of the M-space requirements. It is not 
my intent here to discuss the significance of every plane in each figure. By 
comparing the figures one can observe the difference in emphasis from one 
research study area to another. what is more to the point - one can plot the 
performance of different current measurement systems in M-space and compare 
these to the requirements (overlay) and deduce feasibility for the experiment.
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Figures 6-l3 through 6-l8 represent estimates of the perfonnance 
of a variety 

of sensors - not all of which exist. Some simple observations can be made with 

a quick review of the figures. 
.

" 

Studies which require measurements above the !Q_~ 
n-1 Plane must elthef a¢¢ePt 

aw 

relaxed uncertainty specifications or inspire the development 
of novel sensors. 

0 No sensor is believed to exist which will meet all the requirements 

(at any price).
' 

0 Stability, sensitivity and resolution at low speeds 
figure strongly 

in the requirements of lake boundary studies:~-+ 
~@ -—————-- -A 

. 0 Very little real data is presented in these figures for instrument 

performance - they are largely conjecture. As data becomes available 

from testing (such as that done by NOAA/ OEE / NOS) it should be cast 

into this representation to extend our understanding of the 
instruments. 

The utility of this form of presentation can be illustrated by 
considering 

some example requirements. The CATS objectives for near shore measurement 

(Figures §;§(b),'§;§) can be compared with the electromagnetic current sensor 

(Figure 6-l4). It is clear that improved control over the zero offset uncert- 

ainty is necessary to meet the low speed objectives. More extensive testing 

is necessary to deternnne the feasibility of this. Fortunately, the zero 

offset can be measured in-situ by fitting a zero speed cap to the 
sensor. An 

alternative is to fit some higher performance sensor - such as an electro- 

acoustio type. Unfortunately, for sensors of this type measuring the zero
i 

offset in-situ is not as feasible as for the above. 

Another example is the littoral drift study, Figure Q31: It is an objective 

for this study to make measurements of the mean currents as well as possible 

under breaking waves. As suggested in section 4.3, the acoustic doppler 

sensor may be a candidate for this zone, along with the electromagnetic. By 

comparing Figures 6-7, 6-l4, and 6-l6, one can gain an appreciation of the 

technological problems involved in filling this requirement.

l
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The transport and circulation in large lakes requirement, Figure §;§, compares 
well to the Plessey estimate of performance, Figure 6-l3, Here it is important 
"to note that none of the behaviour above the bottom plane is supported with 
test measurennnts, although recent work by NOAA should improve on this conject- 
ure. 
January 1980 update: The Neil Brown ACM-1 current meter has been delivered and 
is’awaiting testing. The performance illustrated by Figure 6:18 is supported 
by test data. Extension of the test data above the unity plane would be 
desireable for many potential applications. Field trials with other instruments 
may improve our estimates of their performance relative to the NBIS meter.
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7.0 RECOMMENDATIONS FOR FUTURE CURRENT MEASUREMENT 
SYSTEM STUDIES AI 

"CQIW.
‘ 

7.1 Analysis and Testing of Qynamic Response of 
Hydromechanical Systems 

Please note that the emphasis is on the current measurement systems. That 

is to say that analysis and testing.extending beyond 
the measurement in- 

strument itselfl is necessary to data quality assurance 
and data cost control. 

As an example, the tradeoff between deployment design, 
experiment siting 

and deployment costs should not be made without 
concern for data quality. 

It may be that the threshold conditions for deployment 
of one type of mooring 

over another may be modified following dynamic response 
analysis and 

testing to meet a necessary data quality standard. 
The tradeoff between 

data cost and data quality could be better 
evaluated with an analytical 

basis than with the accumulation of suspect field 
data. Herein lies the 

rationale for continuing the type of work described in 
this report. 

It is recommended that the dynamic response characteristics 
of CCIW in- 

struments be determined for the conditions of special 
interest. Further, 

it is recommended that the deployment configurations be modelled 
analyti- 

cally, to determine the response characteristics 
for the field conditions 

anticipated." It is conceivable that the analysis may require support- 

ing field measurements to bound certain effects. The analysis should 

be applied to predict performance under limiting application 
conditions 

lto determine the effective margins of data quality expected. 

7.2 Further Analysis of l977 Field Experiment_Qa;1 

The comparison of the Kinetic energy spectra for the Plessey 
MO-2l and 

CATS data in Section 5.0 provides an interesting observation. The low 

frequency energies are more than an order of magnitude lower for the 

CATS than the Plessey. This is a greater difference than would be ex- 

pected for the depth difference betweenlthe two instruments. The Plessey 

transfer function defaults to 2.l cm.s' when the rotor stops. It is 

possible that suppressing this to 0 cm.s' would alter the spectral charac- - 

teristics due to the so-called "DC leakage“. This question should be 

investigated to attempt to resolve our understanding of the discrepancy. 

Thl$ modification to the transfer function may well have implications for 

other studies which rely on Plessey current meter data where 
threshold 

flows are sufficiently common.
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7.3 Test and Evaluation of New Sensor Types 

with the limited resources available for test and evaluation, 
work on 

existing and new sensor types should be directed to those aspects 
of 

special concern to inland waters work, which would not normally be 
rep- 

resentative of other applications (e.g. low mean speeds, large orbital 

velocities). Every effort should be made to keep informed on other test 
.

1 

results. It would be of particular value to have as a reference instru- 

ment a device which has been tested extensively and which is likely to be 

used in instrument comparison experiments. (Note: a Neil Brown Instru- 

ment Systems ACM-l is ordered and expected in l979.) 

7.4 Requirement for Future Field Experiments 

The developments of systems such as CATS and VAPS have demonstrated 
the 

benefit that measurement systems comparison experiments can bring to 
the 

system development cycle. Such experiments tend to receive late scrutiny 

in the multidisciplinary environment at CCIW, so that the realization of 

the implications of the data (and the study report) may be substantially 

delayed. This markedly reduces the effectiveness of the data for the 

system development team, in that the study development phase may be 
ter- 

minated without the benefit of the information collected. 

Large scale comparisons, such as the l977 CMC experiment, suffer princi- 

pally from the delays common to co-operative ventures associated with 

reducing the data to a common format for processing and comparison. 

Smaller scale experiments (e.g. CATTS-l978) require less support, and are 

more readily completed. All such experiments would benefit from incor- 

porating a reference instrument whose data reduction could be placed under 

the direction of the study team for expediency. 

The requirement for and utility of small scale experiments is well-recog- 

nized. Other groups should be notified of such experiments, in order 

"that they may plan a simultaneous experiment to benefit from the oppor- 

tunity of obtaining a comparison data for the conditions encountered. 

The co-ordination of activities should remain with the original proponents 

to ensure that the effectiveness of the experiment is not hampered by 

unanticipated dilution of the operational resources.,
V
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The WAVES platform and data acquisition system provides an excellent site 
for such work as applicable in water of l2 m depth. The WAVES system 
would be more useful if it had one or more functioning two-axis current 
sensors available to support comparison work based at the platform. The 
data base obtained from such sensors would provide a good reference for 
the planning of experiments on the facility.
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