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Abstract

This is a two —~year research project, The objective of the first-year project is to establish
a real-time hydrological monitoring system at Lanyu low-level nuclear waste disposal site .
This system will record long-term hydrological data on precipitation, groundwater level, and
atmospheric pressure in disposal site.  In the second year, the recording data will be analyzed
for the hydrgeological parameters using the spectral analysis. The results of this project may
provide the Taiwan Power Company a useful reference for the establishment and management
of a real-time hydrological monitoring system at the final disposal site of the low-level
nuchear waste.

A real-time hydrological monitaring system including the data acquisition and transfer
system had been established at Lanyu in last November,  Meanwhile, the testing of the
newly installed system had completed. However, some instruments were possibly damaged
by sea-salt effect, thunder, or typhoon. Those instruments have been fully repaired by the
manufacturers recently. We plan to go to Lanyu in the near future to reinstall and test the
operation of the system. In conclusion, the first-year tasks of this project have been
executed on schedule and we are working on the analyses of field data which are part of
second year research works. According to the results, the periodic fluctuations of

groundwater level at Lanyu are mainly influenced by diurnal and semi-diurnal ocean tides.

Keywords: real-time hydrological monitoring system, low-level nuclear waste disposal site.
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PRESSURE SYSTEMS Industrial Submersible

Pressure Transducer
1S0-9001 Certified

FEATURES r

& High Static Accuracy & Repeatability -

¢ ‘Welded 316 3S Construction

& Small Rugged Package

*  Lser-Specified Pressure Ranges Available

. 100% Computer-Tested, Calibrated and
Serialized

e  Unigue Cable Seal System

. Fully Temperature Compensated

¢ Datalogger Compatible

APPLICATIONS

s Well Monitoring ® Ground Water Monitoring »  Lift Stations
s Slug Tests ¢ Soil Remediation * Lavel Control
*  Pump Control & Qceanographic Research # Surface Water Monitoring

The Series 700 family of submersible pressure transducers is specifically designed to meet tha rigorous
environments encountered in fiquid level measurement and control. It can ke configured to perform to
specifications under the most adverse, reactive conditions.

These transducers incorporate the latest advancements in piezaresistive pressure sansing technology.
4 stability-enhancing charged "Field Shield” is vapor deposited directly to the pressure cell. A welded 316
Stainless Steel diaphragm, with a spring rate ratio of 1000:1 with the piezoresistive pressure cell, is used for
contact with the media. The transducer housing is an all-welded design, constructed of corrosion resistant
316 SS. A titanium housing with hastelloy/platinum sensar combination is also offers 1 for extremely corrosive
media.

The Series 700 also features staw, surface mount internal signal conditioning which provides
a power supply rejection of 0.001% ither a 4-20 mAde, 0-5 Vde, ormVdé)process signal. Approvals
to FM, CSA, and UL are available for Class |, Div 1, Groups A, B, Cand D, and Class Il, Div 1, Groups E, F
and G, and Class Ill, Div 1 hazardous locations. These instruments also meet CE approval according to EN-
50081-2 and EN-50082-2. Hazardous locations installation must be to local and national slectrical codes and
installed with an approved electrical barrier, such as manufactured by R.G. Stahl, Inc.

Each transducer is shipped with a barrier that prevents maisture from entering the cable vent tube and
with a fraceable calibration card. The card specifies input/output conditions and actual data racardad during
manufacture. Optional calibration is available when additional parformance characteristics are required. All
units are repairable and have low power requirements.

P51 Led,

124, Victaris Road
Farnborough, Hents

G4 TPW, United Kingdom
Phona: +44 [1252) 510000
Fax: +44 (1252) 510099
E-muil: deopley{@solartran.com

Pressure Systems, inc.

34 Research Drive

Hampton, VA 23666

USA

Fhone: (7571 B65-1243

Fan: (?57) 766-2B44

£-mail: sales@psih.cam or kpsi@cts.cam
Wehsite: www.psih.com and www. kpsi.com

el
-3



D - 5 through O - 300 psig —‘ any intermediate ranges

P Renges’
ressure Jes -35 through 0-21000 kPa available

Proof Pressure 1.5 x F.S,

. Burst Pressurs 2.0 x F.5.

il

Static Accuracy' +0.10 +4.28 + 0,50 +1.00 %FR0
BFSL
Thermal Etrar? +0.05 +0.10 %FS0/C | worst case

Resoiution Intinitesimal

Wetted Materjals® 316 5§, Flucrocarbon options available

Compenssted Temp Range’ 0 te 50 r 10 to 30 °C options available

-10 10 60 C options available

Ogperating Temp Range

ELECTﬂ'CAL

Excitation 2.5-10 vDC mVdc output (ratiometric)
5 mVdc autput (non-ratiometric)
@ - 30 mAde, Vde output
Input Current 3.5 mA max mVdc, Vdc cutput
20 mAde autgut
Qutput 2.5 - '-'q miiy ratiometric, depending on range
0 -100 mv non-ratiometfic
0-5 Vi 3 wire
4 .20 mA, 2 wire
Zero Offset x5 mw mVyde cutput
+ 60 mv Vde output
=0.12 L maA mAde nU1put
Output Impedancs <10 abins
Insulation Resistance 100 megachms | at 50 vDC
Clrcult Protaction fofanty, surge/shoried outpur ,

198 _grams exciuding cable

—]

Cable Palyurethane jacketed shieldad cabie 70 g/m specily cable length as
with polyethylene vent tube. 3C separate line item

kilograms pult strength. Conductors are
22 AWG. Tefzel jacket optignal.

Suspended by catle. For turbulent
conditions, specity optional mount
bracket or condut Titting. J

Mounting Provisions

Seat-c acculacy INcludes the combined gerors due 19 nonl neanity, Aystecesis and ronrepealadl 1y an a Besl Fil Straight Lire (BFSL) basrs, a1 25°C

per 1ISA §51.1.
Thnermal grgs (s 1Fe maximum altowable dev:ation from the Bes: BT Shaighs Lne Cue 1o a changa in Iempesature, pef 154 $51.1

2
3 Consull Fagiary for highty corrosive media, nghter tolerarces GreNvitpnmentsl speaifical ons end special lw/mgh pressura apphcaticns,
4 0.-80 'Y FSD for 1anges < 10 ps

Specificationy sutyect e Chamgte withewt nolice

Lad
Pt



Field Installable Nose Caps
Several different user-installable nose caps are available for the Series 700, 710, 720, 730 submersible pressure

transducers. The closed-faced part end cap {PN# 42-01-1314) with #8-32UNC-2B threaded hole is best used where
weights are required and for those installations where users may encounter sharp, protruding objects. The apen-taced
port end cap {PN# 42-01-6481} which allows maximum contact with the liquid media is rdeal for wastewater and
“greasy” applications where clogging of the sensor is a concern. The %" male NPT pressure part end cap {PN#
QPTION-0171is not only useful for calibration purpeses but also allows the device to be used as a submersible or
above ground pressure transducer. The piezometer part end cap {PN# OPTION-006} allows the unit to be buried in

the ground without damage ta the sensol diaphragm.

CADSEC-FACED OFEM-FACED

Muoisture Protection
Dur submersible transducers are equipped with custam, vented cable. The vent provides an atmaspheric

reference for the sensar, which is necessary for insuring the highest possible accuracy when making a level
measurement. The downside to the vent is that, if left unprotected, it provides a pathway for water vapor to enter the
leve| transducer. This vapor will condense into liquid water and, at the least, create an offset in the transducer output
and at worst, cause damage. For these reasons, a Series 810 desiccant-filled vent filter is provided free of charge with
each Series 700 that we ship. These filters must be periodically replaced as the desiccant becomes spent, which is
abvipus hecause the desiccant changes fram blug to pink. Replacement filters are available from the factory. Far those
applications where periodic maintenance is not practical, our Series B15 Aneroid Bellows is a direct replacement for
the vent filter, This sensitive bellows respaonds te and transmits changes in atmospheric pressure to the sansar while
remaining a maintenance-free, closed system. It should be noted, however, that the Bellows may not be a suitable
replacement for the desiccant cartridge in applications where extremely high accuracy is required, usually 0.1% or
better. The user is cautioned to evaluate a Bellows in the specific applicaticn intended.

SERIES 815
Aneroid Bellows

SERIES 810
Viant fiter™apor trap e

34



Surge/Lightning Protection

Surge protection is affered for 0-5 VOC IPN# OPTION-012) and 4-20 mA (PN# OPTION-009) cutput for our 700
farmely of submersible pressure transducers. This is achieved through the use of 2 protectors. One 15 located na 4
inch Jong, 1 inch OD 316 S5 housing extension attachad directly to the nen-pressure sensing end of the transducer
while the other is focated at the surface and grounded via DIN-rail or ground wire. Whether lightning protection is
emploved or not, the cabie shield is [eft exposed sa that the shield can be attached to an earth ground.

Submersible Cable

Our submersibile transducers utilize two different types of custom cable made just for submersible applications.
The mast comman is cur pofyurethane-jacketed cable, or pely cable for short. This 1s the cable of chaice for most
applications, including patable water, sewage, rivers, streams and even leachate. The other choice is our Tefzel-
jacketed cable. DuPont Tefzel is a derivative of Teflen, providing the chemical resistance and toughness but at a lower
price than Teflon. Tefzel is the better choice when media are expected that are not compaatible with palyurethane or
when a high degree of abrasion is anticipated. While mare expensive than poly cable, it can save maney In the long
term due to lower maintenance costs. Some applications where Tefzel is utilized include remediation wells, drinking
water tanks that are periodically sanitized with chemicals such as sodium hypochlorite and where it is net possible or
practical to remove the transducer during the sanitization process. Installations where it is expected that the cable will
be subjected ta sharp objects and/or abrasion would alsa be a good candidate for Tefzel. In the case where the user is
nat sure which material is best, contact the KPS| applications department for assistance. In all instailations, care
should be taken to ensure no damage occurs to the cable as cable damage represents on of the mest frequent causes

of transducer failure.

Display Meter
The PDBYO is a bigh performance, easy-to-use, industrial grade digital process meter with many usetul features.

They include:

* single button scaling . isplated 24 VDC transmitter power supply
= NEMA 4X front panel . steady 44 digit + extra zero display

* linearization with square root extraction . 4 visual alarm points

»  4-20 mA output option . UL approval

* 2 or 4 cantrol relay options

Single-button and stand-alone scaling make setups a snap and the internal 24 VOC power supply simplifies your 4-
20 mA current laop setups by eliminating the need for an external power supply.

The NEMA 4X front panel allows installation of the PDEY0 in almast any pane! in your plant, including
wet, dirty and dusty environments. The PD690’s 4 ¥ digit plus extra zero is great for displaying large
numbers, like the valume in a 100,000 gallon tank. Even when displaying large numbers, the PDG30’s
display is accurate and steady.

Optional 4-20 mA isolated autput provides signal to independent RTL} or data logger, while the options
for either 2 or 4 control relays means the PO630 can function as a controller. These SPDT relays are rated
at 2 amps at 240 VOC and can be programmed for autematic or automatic - manual reset, They can also
be programmed for 0-100% deadband.

Installation Tips

Mast users either suspend our submersible transducerina 1" or 2" PVC
instrumentation still well or attach the transducer using our optional ¥: ™ M NPT fitting
1o a rigid conduit.

When suspending the cable, users aften utilize our cable hanger (PN# 12-80-0937).  pn
This device slides onto the cable frem the bare-wire end. The cable hanger can be HTEwE
pasitioned anywhere on the cable by pushing the ends together. Once pasitioned, the
cable hanger cantracts tc provide a snug grip.

CABLE HANGER
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ELECTRICAL TERMINATION

(2.3 or 4) 24AWG CONDUCTCRS IN A SHIELDED
CABLE WITH SENSOR BREATHER AND

POLYURETHANE JACKET
RED + EXCITATION
(4] 4-20mA  giack . EXCITATION
(3) 0-5vDC  RED + EXCITATION

BLACK - EXCITATION
WHITE + SIGNAL

(2,5,68) mv RED + QUTPUT
BLACK + EXCITATICN
WHITE - EXCITATION

GREEN - OQUTFUT

LOOP RESISTANCE vs.
LOOP POWER SUPPLY

1750 r

Loop Resistance, R (n)

0 B :
n 1 20 hlo]

Loop Power Supply Voltaga V. [V}

APPROVED
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Standard shipment is 4 weeks upon receipt of order. Expedited 1 and 2 week shipment is
available. All orders are shipped FOB from our factory in Hampton, Virginia.

Ordering information

+1.0% FSO Static Accuracy Submersible Pressure Transducer
+9.50% F50 Static Accuracy Submersible Pressure Transducer
+{.25% FS0 Sratic Accuracy Submersible Pressure Transducer
=0.10% FSO Static Accuracy Submersible Pressure Transducer

~Fd
WO
QOCo

1 Gage, vented reference
3 Sealed gage
4 Absolule

2 9-30 VDC laput, mV Qurput |Nan-Ratiometric)
3 VEC input, VDT Output

4 VOC Input, mA Cutput

5 VDC Input, mV Quiput (Ratiometric)

5 5 VDC Input, mV Output (Nen-Ratiometric)

L P
0
2

Standard submersible screen lopen faced|
. AT - 1B NPT male

t

0  Standard submersible cable exit
4 ¥ - 14 NPT Mala condurt connection

0- 5 psi thraugh D - 300 psi
Exarnpies: 0-5 psi = 0005; 0-10 pse = QO15: 0100 psi = Q100

| [ L[]

Warranty: The Series 700 family of products is warranteed against defects in material and workmanship for 12
months fram date of shipment. Products not subjected 1o misuse will be repaired or replaced. THE FOREGOING IS IN
LIEU OF ANY QTHER EXPRESSED OR IMPLIED WAHRRANTIES. We reserve the nght to make changes to any product
herein assume no liability arising out of applicatians or use of any product or circuit described. Products described in
this Specification are not intended for Irfe suppart applications,

Mo *
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TE525
TIPPING BUCKET RAIN GAGE

REVISION: 2/96

COPYRIGHT (c) 1990-1956 CAMPBELL SCIENTIFIC, INC.
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WARRANTY AND ASSISTANCE

The TES25 TIPPING BUCKET RAIN GAGE is warranted by CAMPBELL SCIENTIFIC, INC. to be free
{rom defects in materials and warkmanship under normal use and service for twelve (12) months fram
date ol shipment unless specified otherwise, Batleries have no warranty. CAMPBELL SCIENTIFIC,
INC.'s obligation under this warranty is limited to repairing cor replacing (at CAMPBELL SCIENTIFIC,
INC.'s option) delective products. The customer shall assume all costs of removing, reinstalling, and
shipping defective products to CAMPBELL SCIENTIFIC, INC. CAMPBELL SCIENTIFIC, INC. will return
such products by surface carrier prepaid. This warranty shall not apply to any CAMPBELL SCIENTIFIC,
INC. praducts which have been subjected to madification, misuse, neglect, accidents of nature, or
shipping damage. This warranty is in liev of all other warranties, expressed or implied, incleding
warranties of merchantability or fitness for a particular purpose. CAMPBELL SCIENTIFIC, INC. is not
liable for special, indirect, incidental, or consequential damages.

Products may not be returned without prior authorization. To obtain & Returned Materials Authorization
(RMA), contact CAMPBELL SCIENTIFIC, INC., phone (801) 753-2342. After an applications engineer
determines the nature of the problem, an RMA number will be issued. Please wrile this number clearly on
the outside of the shipping container. CAMPBELL SCIENTIFIC's shipping address is:

CAMPBELL SCIENTIFIC, INC.
AMA#
815 West 1800 North

Logan, Wah 84321-1784

CAMPBELL SCIENTIFIC, INC. does not accept coilect calls.

WNon-warranty products returned for repair should be accompanied by a purchase order to cover the repair.

CANMPBELL SCIENTIFIC, INC.

B1sw. 1800 N, Campbell Scientlic Ganada Carp. Campball Scientihe Lid.

Logan. T 843211784 11564 -149th Sireat 14.20 Field Street

uUsa Edmaonlan, Alberla TSM W7 Shepshed, Leics. LE12 9AL

Prone (801) 753-2342 CANADA ENGLAND

FAX (801) 750-954C Phone [403] 954-2505 Phone {44}-50860-1141
FAX [403) 454-2655 Fax (44)-50960-1091
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TES25 TIPPING BUCKET RAIN GAGE

1. FUNCTION Environmental Limits:
. Temperature: 0°to +50°C
The TE52S is a smaller adaptation of the Humidily: O to 100%

standard Weather Bureau lipping buckel rain
gage. It measures rainfalf at rates up to 2 in.
per hour with an accuracy of +1%. Output is a
switch closure for each bucket tip. A tip occurs
with each 0.01 inch of rainfail. The metric
TES525, available on special request, lips with
each 0.1 millimeter of rainfall.

Fhysical Dala:
Diameter: 6.25 in. overall
Heighl: 9.5 in. {metric varsion 12 in.)
Weight: 2.5 pounds
Receiving Orifice: Gold anodized spun
aluminum knile edge celleclor ring and
funne! assembly.
2. SPECIFICATIONS Ringg[éig;niih}er: 6.064 in. (melric version
Resolulian; 0.01 in. {metric version 0.1 mm)
Calibration: 16.00 fluid oz. {100 bucket 1ips}
Mounting: Side bracket with clamps for
pole or mast mounting
Material: Aluminum

Range of Indication:
infinite in increments of 0.01 in. {least
count) of rainfall. (Metric version: in
increments of 4.1 mm.}

Accuracy: Cable: 2-canductor, shielded cable, 25 it
1.0% at 2 inch/hr. or less. standard length.

Signal Output; ;

: Momer?tary switch clasure activaled by %TE: The b@{)ack 0u1er;af:kel of the cable

g bucke meshia. S clos
; ; c ri
s approximately 135 ms.) extremes, maoisture, and UV degradation.

Calibralion/Cleaning Frequency: However, this jacket will support
Sensor is factory calibrated and should not combustion in air. It is rated as slow
require field calibration. Debris filters, burning when tested according te U.L. 94
funnel arifices, and buckel reservoirs H.B. and will pass FMVSS302. Local fire
should be kept clean. Section 4 describes codes may preclude its use inside buildings.

fisld calibration check and factory
recalibration.

FIGURE 1. TES25 Tipping Bucket Rain Gage
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TES25 TIPPING BUCKET RAIN GAGE

INSTALLATION

LOCATION

The rain gage should be mounted in a relatively
levet spot which is representative of the
surrounding area. The lip of the funnel should
be horizontal and at least 30 cm. above the
ground. 1 should be high enough 10 be above
lhe average snow depth. The ground surface
around the rain gage should be nalural
vegetation or gravel. Il should nol be paved.

The rain gage should be placed away from
objects that obstruct the wind. The distance
shoutd be 2 lo 4 limes the height of the
obstruciion.

When leveling, be sure that the funnel is
properly seated in the body of the gage and
that:

« the orifice is level
+ the body of the sensor is vertical (plumb).

MOUNTING

The TES25 rain gage mounls to a 2 inch post or
pipe. Set the post or drive the pipe as nearly
verlical as possible. Use the enclased hose
clamps to mouni the gage as shown in Fig. 1.
The lip of the gage should be at least 2 inches
above the past or pipe. Level the rain gage
altar mounting it. :

NOTE: Esfore final laveling, press either
end of the bucket down against its stop to
make sure the bucket is NOT hung up in

the center.

WIRING

Connect the sensor leads to the CR10, 21X, or
CR7 as lollows: black to pulse channel; white
and shield {o ground {G on the CR10).

In a lang cable there is appreciable capacitance
between the lines. A built up charge could
cause arcing when the swilch closes,
shortening switch life. With long leads, a 100
ahm resistor should be connected in series at
the switch. The resistor prevents arcing by
limiting the current. Campbell Sciantific instalis
the resistor whenever a cable lenger than thae
standard 25 feet is ardered,

DATALOGGER INSTRUCTIONS
CRI10, 21X, and CR7

The TE525 is measured using Instruction 3 with
the swilch closure cenfiguration code. A
raultiplier of 0.01 converts the oulpul to inches.
A multiplier of 0.254 converts the output 1o
millimeters.

The metric TE525 uses a multiplier of 0.1to
cenvert the autput to millimeters. A multiplier of

0.00384 converts the output to inches,

. MAINTENANCE

The tunnel and bucket mechanism must be
kept clean. Routinely check for and remove any
foreign material, dust, insecis, etc. The
loliowing calibration check is advised every 12
months.

Field Calibration Check:

(1} Secure a metal can that will hold at
least one quart of waler,

{2) Punch a very small hole in the bottom
of the can.

(3) Place the can in the top tunnel of the

rain gage and pour 186 fluid ounces (1

pint} of waler into the can. {A 16 oz. soft

drink bottle filled to within 2.5 inches of
the top may be used lor a rough lield
calibration. An exact volume will allow
for a mare precise calibration).

If it takes less than 45 minutes for this

water to run out, the hale in the can is

too large.

One hundred tips plus or minus three

tips should oceur.

(8) Adjusting screws are located on tha
bottom adjacent to the large center
drain hole. Adjus! both screws (he
same number of turns, Rolation
clockwise increases the number of lips
per 16 oz. of water; counter clockwise
rotation decreases the number of tips
per 16 oz. of water. One half turn of
baoth screws causes a 2% lo 3%
change.

{7) Check and re-level the rain gage lid.

(4

(5

Factory Calibratian:

I factory calibration is required, send the TES25
to:

Texas Electronics

P.C. Box 7225, Inwood-Station
Dallas, Texas 75209

Phone: (214) 631-2490
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VODEL 090D
BAROMETRIC PRESSURE SENSOR

OPERATION MANUAL

1800 Washingion Bl Regicnal Salzs & Service
Grants Pass Qreqon 97525 3206 Main SL., Suite 106
Telephone 53347171 Rowlelt, Texas 75088
Facaimile 5034717118 Telephone 214-412-4747
Facsimiic 214-312-4716

Met One
Inslruments
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Barometric

GENEAAL INFORMATION

Pressurc Sensor
Cperation

Mode! 080D

Manual

. . o matrl
000D Baromelric Prossure Senscr ases an aciive solid-slate device o sense baromelrne

pressure.  Seli-contained electronics prowide a regulated voltage o Ihe solid stale

sensor and ampliicalicr for the signal outpul,

A 1169-XX Sensor Cable s a 3-conducior shiclded, viry! jackeled cable. Length is

given in -XX 'eel an each cabie parl number {abel.

Pressure Sensor Specilications

Model 0290-26/32-1

Performance

Calibrated Range
Calibrated Operzaling Aange
Operating temperature range
~Hesclution
Securacy
Accuracy
Ouiput

‘Refer 1o mode! number of sensor.

Electrlcal Characteristics

Power Hequirement

Sensor Outpal

Physical Charactleristics

Weight
Dimensions

500 3/54

26/32" (slandarc)’

-18°C o +50°C

-40°C 1 +50°C

+0.04 in Hg (£7.35 mb) or
SCE5% F

0-1V 0C (slandard]”

Example: 0800 -26/32(-1
\

/

Gas.c Moo f Aanga {"Hg) Culpu! Vallaga
da ks example, the sensor cutpul 1S Ulw_fo.- a range of 26 10 32 ng_

i1 ma 802 V0C
¢-1 vDC Standard

0-5 VDC Cplional

2 Ihs, 5 oz. (1.05 Kg)
55° x 5 x 7.5" {14x12x19 cm)
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2.0 INSTALLATICN

2.1 Mounting_the Senscr. Mount sensor in a convanien! location with pressure inlet port
facing downward. Reler to drawi~gs 5133 and §140 for mounling Setails.

2.2 Ingtaking lhe Gabe. The 1169 Cable Assembly contains thiee wires. Install the cable
into the water-light gland and connect cable as lolows:

S1G Terminal = Signal Qutput {Cir}
COM Termina! = Common (Bik)
+12 Terminal = +12V Power {Red]
3.0 OPERATION
3.1 The Barometrc Fressure Sensor has bezn calbrased al the faclory, and will nat change

uniess il is damaged. To check 'or proper cperalion of the sensor and maodule, it is
advised thal :he module’s outpu! be checked against a local weather service lacility.
Exact correlalion is not o be exgected, due 1o gaograghical and meleo:clogical
variations. The sensor reads absclule barcmelric pressure, whereas local veather
services readings are rormalized 1o sea level values.

3.2 One shouid xeep in mind thal nominal gressure, at sea level, is 30 inches of mercury
and that for every 1.000 fee of elevation, lhe pressure decreasas approximaltely one
inch of mercury, EXAMPLE: A weather stalion at sea level may use a barometer with a
range of 26 1o 32 inches of marcury to cover all possible weather condilions. However,
a weather station, localed 4,000 above sea tevel, would require a range of 22 to 28
inches ol mercury,
MODEL 0900 BABOMETRIC PAESSURE SENSCR
RANGE SELECTION GLADE
ELEVATICN RAMGE ("Hg)
o} o 1,500 267132
1,501 o 3,500 24/30
3,501 105,500 22/28
5,501 1o B,000 20126
4,01 110,000 18724
10,001 tc 12,500 16/22
12,5207 1o 15,500 14/2C0
15,501 10 15,000 12/18
050D 394
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.0 MAINTENANCE AMND TROUBLESHOOTING

1 Ledainlerance Schedule

A Inspect pressure inlet porl occasionally o insure il is free of cbslruglion, Mo

cther percdic maintanance or caibration s reguired.
2. Inspect sensor {cr proper operation ger Seclion 3.1,

4,2 0800 Pressure Sensor Maintenance. The pressure senser is an inherenlly stabie
device that does nol require periodic service or recalibrauen. Should service or
recalibration become necessary, the sensor must be returned to the factory. Always
inspecl Mode! 08CI Pressure Sensor to make sure that inlet port is clean and free from
obstructions.

 MODEL 090D BAROMETRIC PRESSURE SENSCR. .
ABLE CONNECTIONS

(See Seclion 2.2)
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Program Spectrum

This program includes following two functions:

U.trend removal:linear trend and low-pass filter(ED6)
2.spectrum estimation using FFT from Numerical Recipes

[ I O T S T 1

parameter{idata=10000,m=128)

real data(idata),cut({idata)

real datal(-2:1data),cutl{-2:1data)
real wl{m*2),w2({m*2),x1{m*2)

real psl(m*2),.ps2{m*2)

real fa(m*2},omaga(m*2)

complex ansl{m*2),ans2(m*2)
character*16 filename,filenamel,filename?,filename3
real window
window(j)=(1.-abs({{j-1)-facn)*Tacp))
window(j)=1.
window(])=(1.-{({j-1)-Tacm)*fTacp)**2)

[ I

(SN ]

write(*,*) 'Input the file name (time domain)
read(*,*) filename
open{unit=10,file=f1lename,status="'o0ld")
writed™, ) "1y the data [ile atmospheric pressure
write(*,*) "Yes=l, No=0'

read(*,*) 1a

write(®,*) 'Ouiput the Tile name (Freguency domain): Spectrum
read(*, %) [ilename

open{uni t=20,{1le=f1lename,status="unknown ')

write(™, )" the [irst point (it must be greater then §5)
read(* *)y 1f

write(*,*)" the total length”

read(* %) nf

31

n=nf
k=nf/m-1
nh=24
10v1lap=1
pi1=3. 141592654
15en=]
Isenl=-|
t=real(nl)/real(nh)
do 110 1=1,1{-4
read{10,*)
10 continu
c _
¢ Input data record in time domain

L
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do 1 i=-2,nf+3

cutl{1)=0.01

read{10,*) data(1)
i continue

Do vou want to overlap the data ?

LI R o T g

MM
mé=mr-Hmm
md 3=md+3
den=0.

facm is factors used by the window statement function.

[T o B

facm=m
Facp=1./m

sumw 1§ accumulate the sguared sum of the weights.

[ T )

sumw=0,
do 13 j=1,mm
Sumw=3s umw+w1ndow( j )y=*2
[3  continue

Inttialize the spectrum to zero,

[T o T 1

do 14 i1=1,mm
psl(1)=0.0
ps2(1)=0.0
14 continue
<
do 20 kk=!.k
1f (tovriap .eq. 1) then
do 21 1=1,mm
nk=(kk-1)*m
if ((i+nk)y .gr. o) goto 999
1f ((1+4nky .le. af) 10=1
datal (1)=data{1+nk)
cutl{1)=cutr{i+nk}
xi{id=real(1}
21 continue
else
do 22 1=1,mm
nk=(kk-1)*mm



22

[ I & B )

-

[an T o Y

C
C

24

20

15

if ({i+nk) .gt. nf) goto 999
if ((i+nk) .le. nf) 10=l
datai(i)=data{i+nk)
cutl(i)=cut(i+nk)
x1(1)=real (1)
continue
endif

Linear Trend Removal

call trend(xi,datal,-2,mm+3,al,bl)
do 15 j=-2 . mom3
datal()d=daral(j)-al*xi(])-bl
continue

Taper Function and Filter Used "EDA"

i (redd Leq. 1Y then

do & 1=1,mm

wl(1)=0.75%(datai(i-D+daral (1+1))-0, 3% (datal(1-D)+
datal(i+2)3+0.05%(datal{1-D+datal(1+3))

w2(1y=0. 75 (cut 101 -Dyrcut 1O 400 -0 3% (cut 1(1-2)+
cut L4230, 05%Ceut 1 (1-3cut 1{i+3))

continue

else 1f (ied& eg. 0) then

do 8 1=].mm

wl(1)=datal{i)

wa(1)=cutl(1)

continue

endif

Apply the window to the dara.

do 23 j=1.mm
w=window(J)
wl(])=wl]y*w
w20 1=w2( 1) w
continte
call twofft(wl,w2,ansl,ans2,mm)
do 24 i=i.,m
psl(i)=psl(7)+2.%conje(ans]{j))*ansl(]j)
Ps2(1)=ps2(J)+2. *conjglans2(j))*ans2(})
continue
den=dents umw
continue
den=m4*den
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do 25 j=1,m
psl{1)=psl{J)/den
ps2())=ps2(]j)/den
continue

write(20,*) 'Autospectrum of ', filename!
do 41 1=]l,m

fag=float{{1-1)*nh)/real{mm)
write(20, ' (1x,15,f12.5,216.8)"y 1,fqq,psi{1)
cantinue

if (¢io .eq. 1)) goto 998
write(*,*) 'ERROR’

stap

end

SUBROUTINE trend(xi,yi,in,n,a,b)

y=ax+h

real xi1{1in:n),yi(in:n),b,2

x2=0.

y1=0.
xy=0.
x1=0.
b=0.

a=f{).
do 10 1=1,n

X2=x 2451010 x1( 1)
xl=x1+x1(1)
yl=yl+yi(1)
Xy=xy+X1{1)*vy1(1)
continue
d=x2*real(n)-x1*x1
a=(xy*real{n)y-xl*vy1y/d
o=(x2%y1l-xy*x1)/d
return
end

SUBROUTINE correl(datal.data2,n,ans)
INTEGER n,NMAX
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REAL datalfn),data2(n}
COMPLEX ans(n),ansl{n)
PARAMETER (NMAX=16384)
Cu USES realft,twofft
[NTEGER 3 ,n02
COMPLEX fft(NMAX)
call twofft{datal,data2, {ft, ans,n)
no2=n/2
do 11 i=l,n
ans(1)=fft(1)*conje{ans(1))/float(no?)
Il continue
C ans{1)=cmplx(real(ans{1)),real{ans(no2+1)))
return
END
C (C) Copr. 1986-92 Numerical Recipes Software j30.
C
SUBRCUTINE twofft(datal dataZ,fftl,fft2,n)
INTEGER n
REAL datal{n).data2{m)
COMPLEX fftl(n),fft2{n)
U USES fourl
INTEGER j,n2
COMPLEX hl,h2.c1.c?
cl=cmplx(0.5,0.0)
¢2=cmplx{(0.0,-0.5
do 11 j=l.n
fEri(i)=cmplx(datal(j),data2(j))
11 continue
call fourl(ff:l,n,1)
FIe200 )=cmplx{aimag FEU1I(T))Y,0.0)
frel(y=emplx{veal(fitl(1)),0.0)
n2=n+2
do 12 ;=2 n/2+1
hl=cI*(fftl(jconje(ffti(n2-1)))
N2=c2*(ItI())-conjal Ifti(n2-]10)
fiti(j)=n!
fftl(n2-j)=con)e(hl)
ffe2(;)=h2
{f12(n2-j)=conje(h2)
12 continue
return
END ,
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SUBROUTINE fourl(data,nn,isign)
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INTEGER isign,nn
REAL datal{2¥nn)
INTEGER 1,istep.],m,mmax,n
REAL tempi, tempr .
DOUBLE PRECISION theia,wl.wpl,wpr,wr,wtemp
n=2*nn
j=1
do 11 1=1;n,2
1f(j.gt.1)then
tempr=data(])
tempi=data(i+l)
data(j)=data(i)
data(j+1)=darali+l)
data(1l)=tempr
data(i41)=tempi
endif
m=n/2
1 if ({m.ge.2).and.(i.gt.m)) then
j=J-m
m=m/ 2
anto 1
endif
j=j+m
11 continue
mmax=2
2 if (n.gt.mmax) then
18 tep=2*mmax
theta=6.28318530717959d0/ (1 s1gn*mmax)
wpr=-2.d0*sin{Q. 5d0* theta)**32
wpi=sin(thera}
wr=1.d0
wi=0.d0
do 13 m=1,mmax,?2
do 12 i=m.,n,18tep
J=1+mmax
tempr=sngl{wr)*data())-sngl(wi)*data(j+1)
tempi=sngl(wr)*data(j+1)+sngl(wid*data(]}
data(j)=data(i)-tempr
data(i+l)=data(i+1)-templ
data{1)=data(1)+tempr
data(i+l)=data(i+1)+tempi
12 continue
wtemp=wr
Wr=WrFwpr-wi fwpitwr
wizwl*eprswtemp*wpi+wi
13 continue
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mmax=1step
gato 2
endif
return
END
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