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A ~speclaIIzed data Iogger, produced by Hydrolab Corporation, 

Austln TBXES, WES 6Vl|Uat6F fOT |tS sultablllty 38 3 f|6|d logger t0 

be used to gather envlrommental data from rlverse and lakes, The 

parameters are temperature, conductlvlty, oiygen and hydrogen Ion. 

The logger ls Intended tojremaln In one locatlon, ls self contained 

and battery operated. Tme data are stored In a memory whlle most 

COfltF0| fUflCt|OHS~af6 m|CFODTOC6SSOF based. Further Information Oh 

thfi system CED D6 SBOD In QDDSHUIX A. 

Thls report ls Intended for Internal purposes at the National 

Water Research lnstltute and should not be considered an endorsement 

of the Instruments described. No llablllty wlll be assumed for 

actlons arlslng from thls meport.
I 

Two loggers, of the type shown In Flgure 1, were purchased and 
1

. 

cOmDared to measurement standards uslng Instruments and apparatus 
U‘ 

‘,<__ operated and malntalned the Callbratlon Unlt of the Englneerlng 

Sectlon of the Research Isupport Dlvlslon In the Natlonal Water 

-— 
_.__\4___

I RGSBEFCH |fl$t|tUt6 (NWR ADDBHGIX‘ B hi8 BXCQTDIS fFOm thfi 

laboratory's quallty assurance manual and glves evidence of the care 

taken t0 COhtFO| thfi BCCUTQCY Of thfi standards and t8St apparatus. 

The loggers come wlth a generally well prepared manual and a klt 

to callbrate the Ioggers.; The callbratlon procedure Is actually a 

means for the loggers to sense a known standard then set Its own 

coefflclents to glve the correct values for further readings. The klt

I

I 

I

I

I
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includes supplies for refurbishing and standardizing the sensors. A 

plastic cup is supplied tolsurround the sensors with the standardizing 

solutions. in all cases,?the direct instructions in the manual were 
i

. 

followed for coefficient tsettlngs and operations.p in some cases 

additional things were tried. These are noted. The temperature 

channel is an exception because it cannot undergo a coefficient 

setting procedure. _ 

The two loggers underwent the handbook procedure for setting the 

coefficients then a set ‘of comparisons were made with the NWRi 

standards. The units werejplaced in the field for one week while they 

logged data on the Canagaglgue Creek. After recovery,‘ a second 

comparison was made with NWRI standards without icieaning the 

electrodes or lresettingi the calibration coefficients. Other 

comparisons were made after the electrodes were cleaned ~and the 

coefficients reset. 

TEMPERATURE ooumusous 
3 

I

i 

i 

. . 

.The accuracy and stability of the temperature channels were 

measured in ta water bath ithat is controlled to a stability of J10
i 

miilidegrees ceisius. Total uncertainties of the standard, including 

the Guideline thermometer errors, are expected to be less than J20 

miilidegrees ceisius. 

Figures 2 and 3 summarize the differences between the standards
I 

and the data from the loggers. The earliest comparison labelled AF
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(prefleld) and ~PF .(postfield) were done with the lnterrogator 

connected to the, sonde- Later comparisons labelled PF03, AS 

(preshock) and PS (postshook) were done in the logging mode with the 

interrogator disconnected and the loggers fully submerged. The 

reference to shock is the mechanical shock tests that were applied to 

the loggers to simulate fleId_conditlons. These amounted to pulling a 

one inch block from under one end of the logger while the other end 

rested on the bench. The shocks were repeated three more times In 

different planes. This was done in an attempt to locate the source of 

inconsistent readings within a calibration run and between calibration 

runs. No test was conclusive but the consistency appeared to improve 

when the logger was not connected to the lnterrogator and fully 

submerged. There appears to be no affects from the shocks. 

CONDUCTIVITY COMPARISONS 

V The conductivity-measurement standards were based on the Beckman 

Conductivity Bridge, Model RC-18A having a published error of less 

than 10.05% of reading. The cell was the Beckman BB1-Y87-CERT, 

certified to an error of 0.5 percent. Distilled water was dosed with 

sea salt to make up the various conductivities. The temperature was 

held constant at 23 +0.007 -0.000 degrees ceislus in a Guideline bath 

having a stability similar to the bath used for temperature 

comparisons. The Guideline bath is non-metallic but its plumbing is 

metallic and grounded to the 115 volt outlet. '



_ 4 _ 

There appeared to be interference between the ground circuits of 

the bath and the. interrogator. An offset error occurred if the 
.

b 

calibration setpoint was done in the bath water. As a result, the 

plastic calibration cup had to be used to get correct results in the 

|OQQ6d data COIIIDBFGU ‘IO ‘H16 standards. PTGSUIYIBDIY, ‘U16 CUP SBFVBU i0 

isolate the ground circuits. 

An operational error was made when the raw (not standardized to 

25 degrees ceisius) conductivities were given to the lnterrogator in 

the coefficient setup procedure. The effect is estimated to introduce 

an error of -5.6% of reading. The manual was unclear in this 

Instruction. 
, . 

Figures 4 and 5 summarize the results of the comparisons. The 

prefield and postfleid differences appear reasonable (labelled AF and 

PF respectively) because the electrodes had been badly fouled in the 

field with a fioccuient material. However, after cleaning the 

electrodes according to the manual, the errors increased in one logger 

(S/N 5001) as seen in the traces labelled PC. A second try at 

cleaning and stabiHzing S/N 5001, including the use of a wetting 

agent, did not Improve the accuracy much but did cause a change in the 

errors labelled PEC. it is also remarkable that S/N 5001 has its 

maximum errors at the set point used to establish the logger's slope 

coefficient (1.4 mS/cm). As an added precaution, the loggers were 

operated in the logging mode without being connected electrically to 

anything to gather data tor the PC and the PEC traces. This was to 

avoid the possibilities of interfering ground circuits. Both loggers
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were operatlng at the same tlme In the same bath. The PEG trace ls a 

repeated run after the electrodes were cleaned agaln and the 

coefflclents reset wlth the CAL aroutlne. When asked about these 

errors,' the manufacturer emphaslzed that the electrodes must soak 

overnight to stablllze before the coefflclents are set. Thls was 

described as optlonal ln the manual but should be considered 

mand | tory . 

Flgure 6 shows the results of a comparison between the standards 

and athe data from both loggers ln the same bath at 23 and 5 degrees 

celslus. lt ls not clear what has happended wlth S/N 5001 at 5 

degrees because both agreed well at 23 degrees and both presumably 

have the same temperature correctlon algorlthm. It ls not the effects 

of the temperature senslng errors of the two loggers because that 

accounts for one tenth of the dlfference. 

OXYGEN COMPARISONS 

The usual care was taken In establlshlng standard_ sources of 

oxygenated water. The method uses natural alr or preclse ratlos of 

oxygen to nltrogen gasses whlch are factory mlxed (0.05% nomlnal 

accuracy). These are bubbled through a small, well mlxed water bath 

whlch ls temperture controlled with a heat exchanger. The actual 

temperature and barometric pressures are accurately known (/20 

mlllldegrees celslus and 10.003 kPa respectively). From thls, the 

oxygen content of the water ls calculated according to M.L. Hltchman 

ln his book, Measurement of Dissolved Oxygen, Wlley 1978.
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Upon arrival from- the manufacturer, the two units hadi their 

coefficients set according to the instructions without a change In 

membranes or electrolyte, then their readings were compared with the 

standard gas solutions. After the field deployment, the comparisons 

were repeated without changing anything or even cleaning the 

membranes. Figures 7 and 8 show the differences In oxygen readings 

compared to the expected values. The AF traces are the prefieid 

comparisons while the PF are the postfleid comparisons. Some of the 

positive bias can be attributed to the flow effect correction 

algorithm that is used by the loggers to compensate for the lack of 

agitation around the sensor. The logger assumes a moderate value of 

agitation. if high agitation is expected, as it was in the 

comparisons, the coefficients must be changed with a ‘software 

command. This was not done, so vthe readings are 4% high in the 

prefieid and postfieid comparisons (AF and PF). An unexpected result 

was the increase in sensitivity of the sensors after a week in the 

field. There is no explanation for the apparent zero offset in the 

prefieid comparisons. Unfortunately zero oxygen tests were not done 
to confirm this trend. 

The zero oxygen readings varied according to the method used. 

Boiled water which was cooled then constantly bubbled with pure 

nitrogen did not produce zero readings. Further tests with other 

probes showed that the oxygen content was within 0.11 mg/L of zero. 

Sodium suiphlte solutions in the calibration cup produced negative 

readings in the loggers, for example -0.13 mg/L. The readings 15
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minutes after introducing the sulphite varied according to the amount 

used in the cup. gogger, S/N 5000 exhibited an odd effect when sodium 

suiphite was used. Unless the pH electrodes were kept out of the 

solution, abnormally high readings were indicated. For example the 

oxygen readings fell from 9,44 to a minimm of 3.08 my/L then began to 

rise- A change of membrane did not cure the problem. Only by keeping 

the pH electrodes out of the solution could the zero be approached. 

This was not the case with S/N 5001. 

p 

Figure 9 shows the time response of the loggers to a sudden drop 

in oxygen as they are transferred to a nitrogen-bubbled water bath. 

An important characteristic is the response to an 0XY9en cycle 

that QOQS fl'"Olll high t0 |OYl and back HQHH1. This approximates ‘U16 

diurnal conditions in small or shallow rivers. Tests were done to 

check for lag effects by logging the oxygen readings over one cycle of 

decreasing then increasing oxygen levels. Each reading was made after 

about an hour and a half which is adequate time for the gas to 

equillbrate in the bath. vThe zero oxygen reading was done with 

nitrogen bubbling overnight. The minimum reading was taken as the 

zero value. This reading coincides well with the expected oxygen 

level in the nitrogen bath. The cycle was done at 23 and 5 degrees 

ceislus. Figure 10 shows the results from logger S/N 5000. The date 

and time are shown for each comparison. The lag produces errors of 

about 0.05 mg/L at 23 degrees and 0.1 mg/L at 5 degrees.
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Buffers provided by Hydrolab or those purchased from Fisher 

Scientific were used ‘to compare the output of the loggers. The 

buffers were contained in the calibration cup which was Immersed In a 

stable temperature bath. it was difficult to get the lnterrogator to 

accept the buffers, in the ccefflclent setting operation, if they were 

not fresh or very stable in temperature. Both the prefleld and 

postfleid comparisons were done with the Interrogator attached for 

Interrogations. 

Figures 11 and 12 show the differences between the loggers‘ 

readings and the buffers used. The prefleld (AF) and the postfleld 

(PF) errors are reasonable within the span between the two buffers 

that were used to set the coefficients, however, the linearity was 

poor outside this range. The postfleld comparisons were made without 

cleaning the electrodes or resetting the coefficients. '

. 

The effects of cleaning and resetting coefficients were not good 

for S/N 5000 as seen in the PC trace.' This is the logger with the 

interaction between the oxygen and pH sensors described earlier. 

The 50 and the 5C’ traces on the graphs show the results of 

setting coefficients at 25 degrees ceislus then comparing the loggers‘ 

readings to the buffer values at 5 degrees ceislus, The buffers came 

with a temperature correction table which was applied. The Hydrolab 

manual does not give the temperature correction formula used for the 

temperature effect ‘on the probes themselves. The 5C‘ trace is a
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second run (lncludlng -a resettlng of coefflclents at 25 degrees 

celslus) at 5 degrees. No changes were made to the procedure except 

to Include the two setpolnt buffers (pH 7.0 and 10.0) In the low 

temperature comparisons. 

OTHER OBSERVATIONS 

Other Items to conslder for future plannlng Include the 

fOIIOWlnQ. 

The Interrogation procedure ls very prone to operator error at 

the time the unlts are coupled. On one occaslon the order was 

reversed by mistake which caused a malfunction. What was more 

dlsturblnq was that the malfunctlon was not fully evldent and the 

unlts appeared _to operate except some_ coefflclents were changed 

somewhat. As well, on two occasions, S/N 5001 has spurlously lost the 

coefflclents durlng the lnterrogatlon operation wlth a “TIMED OUT" 

message. 

The communlcatlons between the lnterrogator and the personal 

computer ls facllltated by a package called Crosstalk. If Crosstalk 

does not flnd the lnterrogator ready (on), It cancels out of lts 

termlnal mode. If the lnterrogator ls turned on before crosstalk ls 

enabled, the lnltlal header and the flrst questlon are missed. Thls 

wlll cause a hangup unless the operator responds to a question that ls 

not on the screen. The manufacturer polnts out that this can happen 

If the wlre for the Data Termlnal Ready slgnal ls not correct In our 

cable-
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The date code format should be offered as an option because of 

the confusion It may cause in stripped flies where the Hydrolab column 

headers are missing. The Canadian standard being urged is the ISO 

form YYYY-MM-DD however the older standard DD—MM-YY is still much in 

USS. Th6 years 2001 TO 2012 Wlll D9 8 Di’Obl6l_i) In ‘U16 data banking 

disciplines.
_ 

Part Four of the Hydrolab manual on the subject of deployment ls 

not specific enough about the precautions needed to avold mistakes 

such as Ieavlng the cap on the pH reference electrode. The manual 

should include a section on recovery procedures and sensor 

protection. Points made in other sections should be repeated there. 

One potential user feels that a battery operated lnterrogator 

should be available for operating and refurblshlng in remote 

locations. The present dlfflcultles in getting $Ome standardizing 

solutlons accepted by the lnterrogator for fleld callbratlons will 

detract from the usefulness of the battery lnterrogator. 

DESIREABLE FEATURES 

The loggers have several good features that have not been 

available elsewhere to our knowledge. 

The large experience base that Hydrolab has had with 

environmental monitoring Instruments has contributed to what appears 

to be a reasonably stable set of sensors. One potential user was 

pleased with the data retrieved from the fleld deployment. The data
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appeared adequate to _gain useful inference about the dynamic 

processes in a creek. See Figures 13 and 14. The limits on the 

ranges of the readings were set In our software not the loggers‘. 

The mechanical package layout is compact and very functional for 

field work. With higher capacity batteries becoming available, the 

risk of opening and reciosing the underwater case can be lessened in 

the future. 

The interrogation procedure is very well supported with prompts 

for the operator. This is important in lessening the learning time 

for new operators and maintainers. 

The flexibility and rapidity in accessing the data through a 

personal computer will make the loggers very adaptable for short term 

studies and spot checks. -. 

The feature of excluding some sensors to extend the life of the 

batteries is excellent. The capability to program the start and stop 

times; as well as the scanning interval, is a good feature. 

The manufacturer and representative have been very attentive and 

appear to be supportive in the application of the loggers. 

RECOENDATlONS-FOR IMPLEMENTATION AT NWRI 

To achieve the maximum benefit and return from these loggers the 

following is recommended. 

The loggers should remain with the field instrument maintenance 
personnel between field seasons. Periodically, on a rotation basis
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the loggers should be -routinely refurbished and calibrated in the 

laboratory when field operations are proceeding. One scientist or 

technologist should be recruited to review the data as soon as 

possible to make sure it is valid. Field measurements should be taken 

with independent instruments to assist in confirming the data. The 

frequency of these measurements depends upon the degree of credibility 

in the data that is necessary for the study.
_ 

in. the early stages, concern must exist for establishing the 

timing patterns for the various phases of upkeep. This will require 

careful review of the field data and the verification results received 
from the laboratory and field instrument comparisons. 

The circulation of this logger amongst several operators, 

calibrators, maintainers and verlfiers is not recommended, however, 
backup personnel must be established for each discipline. 

Since the data are readily available on a personal computer, the 

need for a data base support structure seems slight, however, if a 

large study ls. undertaken serious thought must be ‘given to data 

banking and manipulation on central computer facilities. 

if the measurements must be made in more than one location and be 
continuous for a period beyond two weeks, then another pair of loggers 

are ncessary to meet the refurbishing cycle. 

The present data set suggests that the error bands be as follows:
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Temperature: - 
' +0.4 I -0.4AC 

'Conductlvity=_ » 10.03 ms/cm Q room temperature 

+0/—O.2 mS/cm Q 5A0. 

Oxygen: +1.0/-0.0 mg/L Q room temperature 

+0.2/-0.8 mg/L Q 540 

Hydrogen Ion: 10.2 pH Q room temperature 

+0.0/-0.5 DH Q SAC 

The bands likely will have to be opened for field conditions for 

the oxygen, conductivity and pH channels. it is expected that the 

bands will narrow as some of the sources of error are eliminated. in 

some cases this may involve the exchange of the Read—Oniy—Memory chips 
used by the system. 

Although the errors seem large compared to the advertlzed 
specification (Appendix A), it is not unusual to encounter this in 

field instrumentation. The accuracies are achieved if everything goes 
right. It is common for vendors to advertise the best performance or 
typical performance under good conditions. The best example might be 
radio range specifications. These often read "... up to x miles" but 

rarely read "... not less than x miles". Therefore, it is most 
Important to do crosschecks In the field with accurate instruments and 
methods. The history of these crosschecks will ultimately set the 
limits on the error bands.
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F - bmersible automated water quality 
dat:u)sys?ems with totally self-contdned solid- 
state-‘-‘intelli "’-an exciting field-proven 
breakdiroiijinilnaautomated in situ-datalogging 
technology. . . . 

All-in-One Eflicicncy 
What if you could have incredibly-accurate 

water quality data, collected with the highest 
possiblesreliability, brilliantly organized, and 
transferred and/or typed with cybemetic 
precision?

_ 

With its new DataSl<-;nde 2000 series water 
ualitv data systems, ydrolab Corporation 

l']iasmade‘suchadreamareality. . .once 
more earning its reputation as the leading 
edge of the microprocessor revolution within 
the water quality dataloging industry. Con- 
taining all necessary measuring circuits, 
ptocesing, data storage and power supply bat- 
teries within one simple, portable, watertight 
housing, the DataSonde is a completely inte- 
gral, completely solid~state, completely sdjl 
dapmdmt submersible data system represent- 
ingtheachievementofanewplateauinwatcr 
quality monitoring 

Unlikeother water quality monitoring sys- 
teiiis which require cumbersome cable hook- 
ups tying underwater sondes _to expensive, 
vandal-prone, land~based equipment such as 
recording instrurnentsandpower supplies, the 
robot-like,submersible DataSonde system 
functions underwater lllIOflIlfiC1ll)’—\\!lIl1OU! 
moving ‘pans, without land-based instrumenta- 
tioig wi out cable-attachments. . .li_te_rally, 
ivilma attached.

' 

Originally developed for Florida Power & 
Light Conipany to monitor cooling water 
intake and discharge temperatures, the 
DataSonde has been expanded in capability 
and made available to meet the needs of the 
eiit_i_re coi-nmunity of water quality monitoring 
ptofesstiionals . . . and ha found immedi' 

'ate 
and 'usiastic_acccpt' "ance by such 

i 

cies as 
the U.$. Army Corps 0f'El'?ll1¢CI'$, tlia‘eflIIJ.S. 
Bureau of Reclaination, an the Utah State 
Department of Health in water quality inves- 
“5*-"~°“ 

. .. ,_ . . What appeals to agencies such as these is a ~ 

spectrum of le features which 
guishes the DataSonde as the lading tech- 
nological adW'nf¢I in its field. 

Foolproof Accuracy 
DataSonde‘s solid-state reliability and preci- 

sion. plus automatic-preprogi-arrirned opera- 
tion, result in anew leve of confidence for t_he 
water quality monitoring professional. Precise 
parameter measurements are"ai.itomatically 

compensated (ATC) over a range 
of -2 to 50°C (with temperamre calibrated to 
an accuracy of z0.l°C with NBS traceability). 
Moreover, once calibrated and programmed 

in die laboratory or o'_flic'e, the DataSonde 
only to be deployed at a desirable field 

location-preset to start collecting the data de- 
sired by lab P¢.f$.°,!ll'I,¢l-_ All that fie d personnel 
do is anchor DataSonde and later retrieve 
i_t—since all data transfer is handled elec- 
tronically in the lab, data f cnt profes-* 

get machine-pure data gey can fully 
trust. ._._totallyfreeofthe'etrorspossible 
through hiiriiiri transfer.

_ 

Progranmiable Flexibility 
.. ..b|.. umm|._ 

dard ten‘iiinal,v;ealI>ataSondemcarii be 
set to only the pararneters you wish, when 

Theunitcane\'enbesettoturn 
itselfon (delayed start) and shut itself oi? 

il2kCS,Cl:@k$,Ii\l€lS,dnd0d1Cfinlind 

-Oceaiiicsits 
-Saltmarshs ' 

-Scwuageaudwastewatersysiuris 
ilinderconu'olofaniritei1ialrealtimecIockre~ '1"4\'="l=|di=h='s==1l=* ) cxacttime and date..$ample intervals 
caiibeprogrammedinmultiplesoffivemin- 

- Under ice ~ 

i'ites...toaslongas9days! 
Anassort'inentofDataSondcversions‘are ' 'B""dm““.""-vs 

available providing various measurement capa- 
bilities, ineluding temperature, conductivity! 

~ Water quality surveys, fiom tropical 
to arctic/antarctic 

salimty' , 1-1, RP 'ddissolved 'm“.='!‘d=“°°'i°"‘ 
. . . 

L.-:13-—.t_ 
P O 

on-,;n_ mums - Muriie|Pal P°\*f=l' plant cooling water 

~\ - Bioassay validation 

7% 

Rugged Durability 
and crafted with Hydrolab’s 

renowned insistence on quality materialsand 
supenor ‘ ‘p, the.Data$onde’s her- 
nietically sealed, watertightvirzecgrity and solid- 
state nrggedness ensure that unit will 
withstand incredibly abusive environmental ex- 
treiiies. Built with a heaiy-duty, nonmetallic 
prmsure housing, each unit is at homein 3 

‘ or 1,000 feet ofwater, saline or fresh, 
from -2° to 50°C..Weighing_ just 10.5 lbs. ' 

(4.8 kg.) and readily portable, the DataSonde 
can be toted anywhere—fiom the Arctic to the 
Amazon, the North Sea to the Everglades- 
bytrud, boat,orplane‘. . .even bydog-sled, 
balloon, or canoe! 

Long-Life Endurance 
an energy-cficient CMOS RAM 

memory, e.DataSonde can storeover 5,600 
parameter readings during each deployment 
period. With no energy-gulpingon:ro\-ing 
parts, each unit is on- d by just 
“our long-life D-cell alkaline batteries, and can 
thus st_ay in the field as long as 6 be- 
fore retrieval, 

Versatile Applicafions 
in - "=1 ii" - 

1 
i *

, 

ippii§=§'i§iT§r a1“?i§Ll§oi3¢T§"ii§$§,- 
Some of the more typical include: 

Analyser V 

{Biological 
~ Limnological 

_, 
- lchthyological _. ‘J _- 
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eiception or a * lab. sahbmion and program- 

ing of the DataSonde are a' 

snap—ef}'ected by simply snapping-in the 
Hydrolab 5200-20XX DMU (Data Manage- 
ment Unit), iiselfeonnected to your _ElA 
RS-232-C compatible keyboard terminal. 
Opening the Data$onde’s heavy-duty housing 
isn’t needed—.and therc’s no need to fool with 
knobs,npots, etc. Moreover, once the unit 
lmves elab, all your field personnelh sis 
transportation and plaeentent-—the Data. ¢i]dC 
fiinctions automatically. 
Back in the lab, the unit-can be 

debriefed in virtually the same way—d_urnping 
its CMOS‘~stote_d water quality data, via the DMU, into your CRT or for 
ate printout, or into your 
mernoryfilestoi-age. . .ot_ n 

nel will be pleasantly by tlie syste_i_n’s 
sophistication—an “intelligence” which can 
even detect whether inputted calibration values 
are reasonable! 

Man wer and 
Deployment Savmgs 

Since deployment of" die DataSonde is so 
sinjple, field manpziwer needs are minimized=- 
and the unit can left unattended for days, 
weeks, or . . . until it‘s time for re- 
trieval. Moreover, the system’s automatic elec- 
tronic data transfer me"an's tremendous sayings 
in dataprocessirig inanpouefr and a significant 
increase in personnel eflici_enq"-—togTe'ther with 
a drastic increase in data recovery percentage 
and reliability! 
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proof shelters for equip- 
ment aren‘t ‘s'_Wtertn’s 

dataniariagetnent 
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p_ er 
fiiW"iionsareseparatefromthEdataoollection 
4 unit. 2 single inv=sw\.¢nr in 
just one.DM and displav set ii in the lab 
can ai-iv number Oi'DaIa&l'ldtS' e 

, which 
an be rotated field andllieadquattets, 

Higher Quality 
at Lower Cost 

Fully insqwenrins vhs $P°¢°°"|" Misfits 
of state-of-the-art _mi_croprocessor technology, 
the Da_taSond_e provides a major enhancement 
in we qu=liti' data wrfoflnmw to 

with a significant reduction i_n instru- 
met_i_r_a_ti_o_n cost—a fraction of the prjiee of 
qor_npe_r;i_tj\e systems. ln_ efl‘ec_t, investment in 
the Syswn 1in='=1l.v and 
diately means greater quality and performance 

An Invaluable 
Management Tool 
(‘om ent, dependable, eleeiroriically 

pwsr=mm=<L =h= 
is a powerful, vnsaiile manage- 

ment rwl i<>r.=1li' and r=!i=bli' I0 
Y9"! M know uwly 
mba: monitored environmental conditions 
it encountered and when . . . eliminating 

etween” human data reporting and tran- K - 5°" Em ‘q“lP““"‘ "“"‘5““‘"‘ i‘ °“ software like each DataSonde; DMU 1 

Vlllfiat ¢fl_I_blC5‘6iCh.D8flsOI'|C|C to com 
with you—arid, if desired, your eom- ,_ 

_> and its mass-storage mediurn—is the 

Hydrolab 5200-zoxx W ' Data Management Unit E5401. 

tllyfgrdrolab 520,0-ZOXX Data Management Unit 
(DMU), a-solid-state, laboratory-based device 
which plugs into the DataSonde:as well as 
your RS-_2,3_2-C compatible keyboard terminal I 
(e_.g., CRT, 'I'_I_'Y) and/or computer system. DMU, calibration, progratnming, di 
agn_o_st_ies, and data read-out (i.e., outputting _, 

data item each DataSonde) can all be handled "- 
c_orivenien_tly and eficientlyin the laboratory -’“"~'-" 
viaaclialogucwitlitl'ickeyboardope|-ator.A -—--

_ 
series of questions and answers ena les the
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operator to communicate pertinent parameter 
calibrations as well as test the DataSonde’s bat- .,’-£’-
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"get-y, rnetnory, and the ability of the instrument J,’ _/ 
to perform in relation to the calibration stan- 
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dard. Further flexibility in data analysis is pro 
vi_de_d 

biy 
the l)MU‘s “intelligence,” which 

_or conversions to be per- 
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raw conductivity) as required by lab personnel 
and eflected via 
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DataSoncle"" 2000 Series Performance Specifications 
Speeifiation Telnpeflmre pa o1u> r>.o. 

or 
0-‘I00. IK, 10K 
14$/em (Acid Rain System) 

' 

(Selectable by keyboard) 

“hinge 
. 

-i‘m5U"c o1Tl<.1oK, HER 20-.sb%» 0-mph "“ *-r,oop‘:a 0-izolng/l (ppm) pS/cm (std range) (approx.) +'l 000 rnv r
> 

N/A 

11% o'l'range.selected over. witltin 
I 

:01 mg/l (pprn) 
Accuracy (NBS H 0.75%» 3.-.-1lpH range 1- l0rnv V 

=r=='==bilin') of Plétitiiilfl 
electrode 
po_te'n_ti_al 

Resolution __0 025 C 0 1% of range 01%o 0 0lpH 

Thermistor 
'-Sensor'.T§'pe ‘dim =1 

Q1_nd\'rctivit}" sealed 

;=s‘i|ab|‘¢ 

nflo\'§'ing 

iitnstibn 

I 
1 m\' 

e, 
' um 

reference With 

| 
0.01 ppm

| 

=rsr=Phi= 
electrode cell 

ER Automatic 25°t reference 
Oonipensation 
(ATC) . 

Sf/la Airtomatic N/A Automatic 

(NBS with sensor 
trajceability) in quality l(Cl or seawater 

standard solutions 

'_GIibrauon Factory B)7lre_vboard entry H7 and? or Saturated water 
Y0 buffer standard Conductivity 

DataSonde 2000 Series ' DataSonde 2000 Series 
Physical Specifications Operational Specifications 

Length Overall 20.5" (521 mm.) Data Storage 
Diameter Overall 5.75" (14-6 min.) ~ 

' Data 
Weight 10.5 lbs. (4.8 kg.) Mmmum D=P'h 1,000 fee! ('39!) meters) 

Tolerance Range -2 to 60°C
_ 

Qonstnrction Materials PVC, delrin; stainless steel 

'">* "- ' P.Q.BOX 50116 " \ 
Y" Austin. T 78753 

Datalfl" 

Santplinglrwerval 

Clock 
Power Supply 

Solid-state CMOS 
3,600 readings’ lus station 
identification, ‘initial time dare. ending 
time and date, calibration standard values, 
sample time intenal, parameters selected 
By~means of any EIA‘ RS-232-C 
compatible terminal or printer Via 
Hydrolab 5200-‘ZOXX DMU 
Programmable; selectable by keyboard 
e'_n'tr_i' in multiples of five minutes up to 9 
days. (Note: to be used in slowly varying 
sarnple investigations=minimum sample 
rate is 5 minutes) 
Quartz reference (acdrracy: 2 min./month) 
6 VDC 4 D-cell alkaline batteries 
(operating life: approx. 6 months) 

‘ 512-255-3);? Telex ll 910-874-1335 
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5.0 ENVIRONMENT DESCRIPTION 

The environment of the calibration, standards laboratories 
shall be controlled in keeping with ISA standard RP52.1 (1975). 

W Lighting shall be by neon with a minimun light level of 1000 
Lux at all work areas. Electrical power shall be supplied at 115 VAC 
and 220 VAC. The primary standards 115 VAC supply shall be backed up 
by’ the CCIH ibuilding emergency supply -which runs off a diesel 
generator. Regular tap water and distilled water shall be supplied, 
the latter for making ice baths for temperature references. Tempera- 
ture shall be held between 21 and 23 degrees celcius, with humidity 
held ‘between 40 and 60 percent. ‘Dust particle count shall be 
maintained in keeping with guidelines set by the Standards Council of 
Canada. The lab conditions for temperature, humidity and barometric 
pressure- shall be icontinuously recorded 'on ta weathermeasure 
Meteorograph with a 31 day chart. The primary barometric pressure 
standard shall be a digiquarti pressure transducer with frequency 
output to a counter' and calculator to convert to kPa. A benchmark 
shall be installed in the floor of the Calibration Laboratory R101. A 
sign above it shall display the values of latitude, longitude, and 
gravity.- Every five years these values are to be rechecked and the 
sign updated. Heat sensor alarms mounted at various points in the 
ceiling shall be used to provide a warning of fire. 

A layout of the labs is given in Appendix D. 

6.0 LABORATORY smrr
A 

The Supervisor of the Calibration Unit shall be responsible 
for the day to day operation of the Unit and will report directly to 
the Head, Manufacturing and Development Section. The Calibration Unit 
shall also have a fulltime assistant metrologist who will report to 
the Supervisor. Both the Supervisor and assistant metrologist shall 
be certified electronic technologists.

A
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7.0 RULES ON MEASUREMENT SYSTEMS AND DATING 

The International System of Units (SI) shall be used for all 
work, measurements» and .reports per .Hydraulics Division Operational 
Guidelines (Dr. T.M. Dick, Division. Chief, 1979 October). CSA 
standards CAN3-Z234.2é76 and CAN3-Z234.1-79 apply. ‘ 

' 

4 All dating shall be in the form, year, month, day (YYMMMDD). 
Year will be the last two numerals, month the first three letters in 
capitals and the day the two numerals, i.e., 85NOV06 for 1985 November 
06. This closely follows the CSA standard CAN3-2234.4-79 except to 
avoid confusion with _the many other ldating standards used in our 
country we have chosen to display the month as three letters instead 
of numerals. _Eventual changeover to all numeric is intended as soon 
as it is more comonly used in the rest of the country, hopefully this 
will be before the year 2001. 

8.0 INTERNAL OPERATION OF CALIBRATION UNIT 

The internal organization is described in“ the, following 
categories:

_ 

8.1-- Traceability of standards _~
g 

8.2 Calibration procedures 
I

' 

8.3 Computer automated calibration procedures 
8.4 Report documentation 
8.5 Security I 

8.6 Hork order flow 
8.7 Equipment control 
8.8 Technical documents 
8.9 Future measurement requirements 
8.10 VHandling complaints 

g

.

-
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8.1 ' 

, Traceability of §tandiYd$’ 

" 

- A three-stage hierarchy of standards is to be maintained to 
ensure lab traceability to the National Research Council.

_ 

Standards are to be divided into three categories. These 
are Primary; Secondary and Working standards. Table 1 lists these 
standards and their calibration intervals. These intervals shall be 
adjusted as instrument histories dictate. e 

’ Primary standards are to be either calibrated directly by 
NRC or in our lab using other NRC calibrated standards. " 

Secondary standards are to be calibrated by us against our 
Primary standards. ‘

- 

_ 

working standards are to be calibrated also by us against 
our Secondary standards then. used in general instrument repair and 
calibration. ' 

Control charts are to be used to monitor the standard cells 
used as the primary voltage standard, the primary standard oscillator 
and the primary resistors, and to ensure confidence in them. Lists of 
the standards in each of these three categories shall be kept along 
with the calibration procedures for the standards, in a dedicated 
three-ring binder entitled Standards Calibration Procedures. 

_ 

The calibration status of internal calibration _equipment 
shall be indicated by a green calibration sticker on each piece. This 
sticker is to carry the date of last calibration, the name of the 
performing metrologist and date when next calibration is due. 
' 

Completed client equipment is to have a green tag attached 
which has the calibration date and name of performing metrologist. 
Next calibration due date is not indicated as it is determined by the 
client and is normally not known by the Calibration Unit. - 

Other than being listed in this book, the standards have no 
markings on them to indicate their category.‘ They are only used by 
the metrologists in the Calibration Unit who are aware of their status 
and limits of use. .

.
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In cases such _as ONT pressure. testing, humidity -and 
temperature, the primary standards are also ithe _working standards. 
Hith volts, ohms and frequency the primary standards are maintained in 
a separate _section of R1228 called .the Electrical Standards 
Laboratory. Here clear cut levels of primary, secondary and working 
standards prevail. .‘ ' 

8.2 Calibration Procedures 

- Calibration procedures are to be written for all the lab 
standards plus the routine transducer calibrations performed in the 
lab. These procedures are to be kept in three three-ring binders. 
The titles will be: Transducer Calibration Procedures, Computer Based 
Transducer Calibration Procedures and Standards Calibration 
Procedures. All three are to be kept on the Calibration Laboratory 
bookshelf. - 

C
Q 

They shall 'list equipment required, pertinent operating 
instructions, computer programs,_ diagrams for interconnection, an 
example. of a typical report form and relevant supporting documents 
from outside authorities. - 

These procedures are to be used whenever they exist for the 
~work being performed. e" 

There shall be an ongoing program of internal monitoring for 
the assurance of continued accuracy of measurements. The following 
outlines some minimum ways this shall be done: 

- ice bath checks monthly ’ 

- comparisons of the two temperature bridge systems yearly ' 

- calibration at NRC of one bridge thermometer every three years 
Pressure: T 

- using a precision transducer crossscheck between the Ruska DWT and 
the Mansfield and Green DNT yearly 

- calibration at NRC of one DWT every five years
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9.4 Temperature Calibration Facility 
9.4.1 » Purpose,'A 

C
T 

A 

The calibration and testing of temperature sensors and their 
associated electronics. Investigating response times and_the effects 
of temperature on a variety_of submersible devices. 

9.4.2 General 

To meet the range of water/air related temperatures (-15°C 
to +40°C) required by the Institute, two_variable temperature baths 
provide stable temperature sources from -25°C to +45°C. Two direct 
reading bridges with platinum probes calibrated at NRC ensure 
calibrations to an accuracy of 10 m‘C and special calibrations to less 
than 5 m°C; - 'r," 

' 

.The smaller bath has a 24 litre capacity and uses #200 
silicone oil. This tank is used to calibrate most air and water 
temperature sensors as it has a fast rate of change and is quick to 
stabilize. The larger bath has a capacity of 150 litres, uses water 
and accommodates larger units such as CTD's, EBT's and current meters 
where sensors cannot be removed. ‘ 

9.4.3 Specifications 

Rosemount Oil Bath Model 910AC 
Range . 

- -30°C to +50°C 
Capacity ¢ 24 litres 
Stability - better than $3 mC 
Medium - #200 Silicone oil, 1.5 cS'
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' 

’Constant Temperature Controls Hater Bath ’ 

~ Range ‘ ~ -3D°C to +50'c (with antifreeze). 
Capacity ~ 150 litres »

’ 

Q 

Stability‘ - better than $10 m’C ' 

. Medium -- water 7 

Guildine Direct Reading Dauphinee Thermometer Bridge Model 9500 
' lRange + -50°C to +5D0°C' < 

-Accuracy - i0.001% + 1 m°C 

Rosemount Platinum Resistance Thermometer Model 162C 
_ Range - —189°C to +500°C 

_

- 

Guildline Digital Thermometer Model 9535 
Range 

_ 

- -189°C to +50D°C 
Accuracy - i0.030m°Ci - 

Fluke Digital Thermometer Model 2180A abd 2030A Printer 
’ 

Range - -20°C to +200°C
A 

Accuracy - .i0.1°C 

Distilled Hater Ice for Ice Baths 

Triple Point of Hater Cell 

9.5 Frequency and Time 
9.5.1 

' 

Purgose 
A 

T
, 

The acquisition of data requires a precise time reference. 
Calibration of frequency measuring instruments requires mi accurate 
frequency source. The National Water VCurrent Meter Calibration 
Service requires an NRC traceable reference frequency for its tow 
carriage speed indicator.’ The Marine Sciences Division of the
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Department of Fisheries and-Oceans requires this same traceable refer- 
ence frequency for calibraiton of .frequency measuring instruments. 
These are used to calibrate hydrographic vessel position indicating 
systems. 

_ . 

9.5.2 .§enera] 

This facility is based on the Fluke VLF receiver, 
comparator, standard oscillator Model 207-5 described under Primary 
Standards. The receiver is tuned to receive NWVB at the NBS facility 
in Bolder, Colorado, U.S.A. vThis provides a frequency traceable to 
NBS/NRC standards, The frequency output of 1 MHz is also routed to 
the other CCIH labs previously mentioned. For time keeping and 
display an HP 59309A Digital Clock is referenced to this frequency. 
Audible time signals are received from NRC by a Specific Products 
CHU/NWV HF receiver. 

_ . 

9.5.3 Equipment specifications 

Fluke VLF receiver, comparator, standard oscillator 
Model 207-5 

Range 8kHz to so kHz 
Standard frequency 1 mHz' 

Accuracy il x 10'? 
Calibration Capability :1 x 10-1‘ on a 24 n basis’ 

10.0 RANGE AND UNCERTAINTIES OF CALIBRATION SYSTEMS 
10.1 Temperature Calibration -

. 

Using the Rosemount model 910AC oil bath in the standard 
configuration, transducers can be calibrated over the range of -15 to 
40°C with an uncertainty of 10.015 ‘C. Standard configuration means
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.

. 

using Dow Corning type 200_dimethyl silicon fluid with a viscosity of 
1.5 centistokes (MIL-S¢21568A). 

i " 
* 

0 ' 

This uncertainty is worse case. It assumes all contributing 
errors are maximum and occur" at the same time “and in the same 
direction. 

_ 

Contributing errors include bath non-uniformities 
(gradients and stability), thermometer calibration and non linearity, 
temperature bridge calibration and non-linearity. 

In calibrating a typical Rosemount.temeperature transducer 
as used in the Electrobathythermograph (EBT) systems, the uncertainty 
would be the 0.015 9C from above, plus the uncertainty of the 
transducer readout device, which is typically a Fluke model 8500A DMM. 

For example, experience shows that the' Fluke's published 
accuracy specs can be taken as worse case. This means an uncertainty 
of 200 uV when measuring 5 Vdc on the 10 V range. For a Rosemount 
model 17IED temperature transducer covering the range 0 to 50’C with 
an output of 0 to 5 Vdc ' 

i 

V 

'

~ 

1’ 

total uncertainty = voltmeter + temp. facility uncertainties 
' = trans sens in °C/vV.x 200 uV + 0.015°C 

= (50°/5V) X Z00 UV + 0.015 °C 
= 1 o.o17°c r 

10.2 Pressure Calibration 
10.2.1 Ruska DHT 0 e ‘ 

- 

, Using the Ruska model 2465-751 dead weight tester (DHT), 
transducers can be calibrated over the range of 14 kPa to 5.2 MPa (2 
to 750 psi) gauge or absolute with an uncertainty of 10.01506 percent 
of reading. ‘

' 

4 This uncertainty is worse case. It assumes all contributing 
errors are maximum and occur at the same time and in the same 
direction. Contributing errors include the Ruska DWT and vacuun gauge 
with an NRC confirmed uncertainty of 0.015 percent of reading, plus an


