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1. INTRODUCTION

This report describes the work of the Institute

during the period January to December 1976.

Nuclear Physics

During this period considerable difficulty was

experienced with the belt of the Van de Graaff accelerator.

It was shown that even new belts contained moisture, and if

this moisture was not removed before running the belt it

would be electrically damaged.

Our experience in electronic applications applies

not only to the development of the CAMAC systems but to many

other requests such as a sweeping single-channel analyser

and ratemeter for the Isotope Applications Group, a

controlled potential electrolytic deposition unit for the

U/Th dating and plutonium-139 measurements in rain-water

projects, a microdensitometer for the Forestry Research

Institute, a bone densitometer for Ruakura, and assistance

in density measurement of sediments for MOWD.

Our work in experimental nuclear physics includes the

investigation of Al(p,y) Si resonances in order to obtain

a suitable efficiency calibration standard for Ge(Li) detectors.

Such measurements can also be used to gain information on

the energy stability of the Van de Graaff accelerator. An

interesting possible use of a time-of-flight mass spectrometer

for the study of alpha decay schemes is discussed. An increasing

number of applications for (X,X') spectrometry have been found. These

include the elemental composition of soil samples for Massey

University, samples from the Talgai Skull site, gold in blood

fractions of patients treated with gold salts for rheumatoid-

arthritis, elemental composition of bones of various ages for

Otago University, phosphorites from the Chatham Rise, corrosion

samples for Chemistry Division, serpentinites for Geological

Survey, the composition of white spots on teeth for the Dental

Research Unit, fibre, solder and sinter spectral analysis,

defects in plating,bromine in dried fruits, rare earths in
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polishing powders, and a variety of samples for forensic work

that show the great potential of (x.X1) spectrometry in crime

detection. Elemental analyses are not restricted to (X,X")

spectromeiry. A wide variety of charged-particle techniques

is available, such as inelastic proton scattering; proton-

induced X-ray fluorescence; elastic proton scattering;

deuteron-proton gamma ray (d,py) spectrometry; proton,-X-ray

(p,X) spectrometry and deuteron-induced reactions in which

either the outgoing y-rays or charged particles are detected,

and even the identification of sodium by the use of resonant

proton capture. These possibilities give some idea of the

great versatility for elemental analysis of our facilities at

Gracefield.

The Institute continues to supply the short-lived

isotope of carbon ,C-11, for plant physiology studies at PEL,

and interest is now being shown in the use of the short-lived

isotope of nitrogen ,N-13,(ti = 10 minutes). Improvements in

the method for the analysis of nitrogen in steel are being

investigated.

The use of nuclear magnetic resonance as a means of

studying the presence or absence of cancer in mice continues

and a project to determine the state of water in calcium

silicate formed from treatment of geothermal discharges has

been started.

Our PDP-8 data processor operated for over 1000 hours

during the year and has been interfaced to the pulsed NMR

machine to enable on-line data processing to be carried out.

The PDP-11 data processor operated for' over 2600 hours during

the year. Two magnetic tape transports were installed during

the year at half the cost of the equivalent equipment If

purchased from the computer supplier. A number of faults in

our computers were successfully corrected and a number of new

programmes written. A programme was written for input to the

INIS system to translate from ASCII to the special INIS paper

tape code. References were reported to be. error free by tbe

INIS Headquarters. At the present time all our INIS data are

accumulated on nine magnetic tapes.

The Nuclear Input Data (NIP) bibliography on nuclear

power has been growing steadily and there are now 973 entries.
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Our experience with the INIS system has proved valuable to

the Ministry of Agriculture and Fisheries in their use of

the Food Administration Organisation's (FAO) AGRIS system.

We have been consulted in a number of bibliographic projects

for other divisions of DSIR, such as for DSIR publications,

N.Z. non-marine invertebrates, geological, magnetosphere and

freshwater bibliographies, and search of Forestry Abstracts

for the Forestry Research Institute.

For sewage dispersal problems a method has been found,

in terms of the model previously used, to use the results of

tracing surveys of point sources to predict the non-linear

dispersion of finite sources of pollutants such as those from

sewage outfalls.

Radiation Research

Our work in radiation chemistry was greatly curtailed

during this period owing to our involvement in work relating

to nuclear power.

Experimental work was continued on the biochemical

reactions of the superoxide radical ion. We were able to show

that superoxide does not oxidise glutathione, even though

enzymes which generate superoxide can cause this oxidation.

The reaction between superoxide and hydrogen peroxide is being

carefully examined. This reaction might occur at the very

low concentrations of superoxide which exist in living cells,

and if so it would have considerable biochemical significance.

Methods are being developed for the generation and study of

superoxide radicals at these very low concentrations.

Precise measurement of fluorescence spectra for the

National Bureau of Standards are frequently requested and

we are continually upgrading our spectrometry. An ion-exchange

method has been developed for the detection of very low

concentrations (10*" M) of organic compounds in a large

excess of reagent. This method will be used in seeking the

products (off-radicals) of the reaction between hydrogen

peroxide and superoxide.
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We have been asked to collaborate in an inter-

laboratory comparison of a series of four solid fluorescent

samples for their excitation and emission spectra. Dr H.

Melhuish has been appointed to IUPAC Commission V.4 and will

be responsible for the preparation of a document on "Symbols,

Units and Nomenclature in Luminescence Spectroscopy".

Five chemicals have been studied which might sensitise

oxygen-deficient regions in cancer tumours .to therapeutic

irradiation. Camphor was selected for further study, using

E.coli in 66 mM phosphate buffer at pH 7 to detect enhanced

radiation sensitivity. Our results suggest that camphor should

be considered as a potential sensitiser for tumour radiotherapy.

The next step is to test it in several mammalian systems and to

undertake a study of its pharmacology. Three aniline-acridines

have been tested as sensitisers of bacteria to radiation. No

sensitisation has been detected at the low concentrations

(around 1 \iM) at which experiments have to be restricted- We

were asked to check for radiation sensitisation by procarbazine.

This drug is very toxic in oxygen but far less toxic in nitrogen,

a fact that upset our present experimental procedures in which

the cells are irradiated in nitrogen and then held in oxygen

for a significant length of time. A distorted survival curve

resulted and changes in experimental design will be necessary

to prove the possibility of limited sensitisation. The use of

radiation to replace chloroform to kill and lyse cells in

biological material is being investigated. Industrial applications

of radiation include the feasibility of filling cracks in jade

with polymerised methyl methacrylate; genetic mutations in

kiwi-fruit; and the Co-60 source was used for over hOO hours

for service irradiations for TVL, for DSIR divisions and for

Auckland University, during this period.

Isotope Geochemistry

The highlight of this period was the three-day

international conference on stable isotopes held at the

Institute. More than sixty scientists attended - two-thirds

from overseas,and fifty papers were presented. The first

session was on geothermal and volcanic studies for which D/H
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1 ft 1 fi
and 0/ 0 ratios are used to determine the origin of thermal

waters and the amount of water/rock interaction while sulphur

and carbon isotopes of volcanic and thermal discharges can

give evidence of temperature at depth and the origin of these

elements. A session on ore deposits showed^from sulphur

isotope data,sea-water interaction in hydrothermal

deposits in Oregon, USA, while Australian ore deposits from

isotopic data point to magmatic origins. Deuterium and

oxygen isotope studies of granitic batholiths of USA show

large scale interaction with meteoric waters. It is suggested

that primary carbon in the earth has a 6 C value between -18

and -24$o PDB not around -7%> as found in geothermal areas

where the carbon sources are probably mixed. Climatic

studies are now moving into D/H ratio variations in the

cellulose from aquatic and land plants and further work was

reported on the relationship of the isotopic composition of

speleothems with Pleistocene palaeoclimatology. Atmospheric

isotopic studies included the detection of SOp in the

origin of atmospheric sulphate.

The Institute co-operates with many overseas

scientists in studies on the origin of ore deposists, one such

study being on the Moonmera porphyry copper deposits of

Queensland.From the S/J S ratios in sulphide minerals, the

sulphur and oxygen isotopic ratios in sulphates and the D/H

ratio in waters extracted from sericite samples we were able

to show that the temperatures of formation of the deeper parts

of the deposit range from 530 to 650 C and that the deposit

is predominantly of magmatic hydrothermal origin. Another

study from Queensland involved the massive sulphide deposits
34of Mount Molloy, Dianna and O.K. Mines. The O S values for

the sulphide minerals grouped around 0% indicated a basic

volcanic origin rather than an acid volcanic association.

Isotope studies were made on the Emperor Gold Mine, Fiji.

Fluid inclusions in quartz showed temperature variations with

depth of about 170 to 300°C, while early sulphides had a 6 S

value of around -6% late sulphide gave -13%>. This late stage
32

enrichment in S appears to be due to late stage oxidation of

the ore fluid by mixing with oxygenated waters forming sulphate.

SD and 6 0 measurements on surface, ground water and on fluid
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inclusions in vein quartz show that water in the or© fluid had

a predominantly meteoric origin during the entire deposition

history of the Emperor Mine.

Experimental studies continue on the sulphate-

bisulphate isotopic interaction at different pH temperature

and salt concentrations. At 35O C ti of the exchange reaction

was found to be 510 days. The important controlling para-

meters of isotope exchange are temperature tpH and £S.

Published work discussed isotopic data from the Silvermines

Deposit of Ireland and the Shamrocke Copper Mine of Rhodesia.

The silicate-carbonate oxygen isotope laboratory,

with very limited technical assistance, has to meet many

requests for assistance from New Zealand and overseas

scientists, and the same time assists many scientists who come

to New Zealand to use our facilities. Rocks and minerals were

analysed from a lode tin mineralisation from Indonesia and

another series from the Emperor Mine, Fiji, and from the

Ferrar Dolerites of Antarctica.

Oxygen isotope exchange between barium sulphate and

water has been studied at temperatures between 110 to 350 C,

using H 2S0.-NaCl and NaCl solutions, and the fractionation

factor between BaSO. and pure water calculated. From these

data we could report that barite in the Derbyshire ore field,

U.K., appears to have precipitated in isotopic equilibrium

with water at temperature less than 150 C; at the Tui Mine,

N.Z., the barite-water geothermometer indicates temperatures of

late stage mineralisation in the range 100 - 200°C.

Two field trips were made to Wairakei and Broadlands

to collect gas samples for CO- measurements and to measure
1 ^ 1 2

the JC/ C and D/H ratios in the residual methane gases.

Various overseas aid projects were assisted. Geothermal

samples came from Thailand, India and the Philippines, while

at Broadlands further H 9 S and sulphate samples were collected
3U *- .JO Oft

from ten bores for 6 S and 6 0 measurements. To date 6 S -

sulphide values average around +5.3$. The sulphate samples

have yet to be processed.



7.

Many hundreds of geothermal waters were analysed
1 ft \(\

for their D/H and . 0/ 0 ratios. These isotopes are

important (a) to indicate the origin of the water and sources

of re-charge if re-charge is occurring, and (b) to indicate,

in conjunction with chemical measurements,processes affecting

the geothermal fluid underground. At Wairakei the SD values

indicate that the deep water originated from
1 Pi

downward percolation of rainwater in the vicinity and the 6 0

values (-5.7S&) show a shift of +l.l?i compared with this

rainwater, because of rock-water interaction. The total

water-rock ratio is estimated to be 2:1 and the period

underground less than 12,000 years.

A number of hydrological studies have been carried

out using D/H and 1 8O/ 1 6O ratios.

Variations in these ratios can often give unique

information about hydrological systems, particularly if

measured in conjunction with tritium and chemical analyses.

The stable isotopes can indicate the source of th-j water and

give information on water quality. A general picture of re-

charge to the subsurface aquifers of the Waimea Plains is

emerging from 0/ 0 measurements; extensive water resources

in marblfe aquifers within the Takaka Valley are being studied;

ground waters between the Waimakariri and Selwyn Rivers are

being investigated to show the proportion of local rainwater

and river water in the ground water at different localities
1ft 16

with consequent water quality and supply implications; 0/ 0

measurements can be used to identify snow from particular snow

storms and should help considerably in assessing snow storage

in the Southern Alps; D/H measurements were made on water from

a lysimeter at Kaingaroa Forest to estimate ground-water

infiltration rates below a pine forest; electrolysed water

from the Kinleith Forest Products plant had a deuterium

concentration down to 6D = -87O& w.r.t. SMOW.or a D/H ratio «*

20 ppm. Sea water has a D/H ratio of 156 ppm. This water

has possibilities as a tracer solution. Other investigations

include the isotopic composition of hydrocarbons and milk

uptake of lambs, the latter using a double labelling

technique in which the ewes are injected with HTO and lambs

with D_0 at weekly intervals. Plasma and milk samples were

analysed for traces of tritium and deuterium.
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Potassium-argon dating projects continue to dominate

our geochronological work with studies on (a) the chronology

of metamorphism, plutonism, deformation and uplift during the

Rangitata Orogeny in New Zealand, (b) the age of the Tertiary-

Cretaceous volcanism in the Mt Somers, East Cape, Campbell

Island, Buller and Westland volcanics, (c) chronology of

young9r granites in Buller and Westland, and (d) studies of

Antarctic rocks•

(A) Chronological limits for the Rangitata Orogeny can be

set by dating early phases of plutonic (e.g. Bounty Island)

and volcanic (e.g. Takitimu Mountains) igneous activity of

the orogenic zone and areas where early metamorphic events are

not obscured by younger complications (e.g. Otago and Chatham

Islands); dating the main phase metamorphism of the Haast

Schists at various structural levels and by dating thp last

phases of orogenic plutonism. Nine areas were chosen to study

the timing of metamorphism and uplifte in the Rangitata

orogenic belt.

1. The age of low-grade metamorphism of the Kaimanawa Schist.

Nine ages ranged from 127-1^3 m.y.

2. The age of the low-grade metamorphism of the Wellington

Greywackes.

Age: one group 170-200 m.y. Lower Jurassic,

another group 1^0-150 m.y. Upper Jurassic.

3. Age of low-grade metamorphic rocks of Dandey Pass (otago)

Eleven ages ranged from 160-200 m.y.

Possibly an early metamorphic event in the Rangitata

Orogeny.

h. Age of the Bounty Islands Granites.

Age: one determination 189 m.y. Lower Jurassic

new determinations 175-185 m-y. " "

In contrast, Pepin Island (Nelson) granodiorites and

andesites yielded discordant results in the range 90-

230 m.y., indicating incomplete degassing during the

Rangitata Orogeny.
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(B) Tertiary - Cretaceous Volcanism in New Zealand

1. Mt Somers Volcanics, Canterbury.

Plagioclase mineral ages are in the range 80-95 m.y.

Ages point to an eruptive age for Mt Somers Volcanics

of 90 m.y. with some andesites possibly 5-10 m.y. younger.

2. East Cape Volcanics.

Cape Runaway 5-70 m.y. It seems possible that the

volcanic rocks may have been erupted or perhaps later

re-crystallised in an environment containing argon not

of modern atmospheric composition. It is thought that

the last thermal event in the history of these rocks was

about 22 m.y. ago (Miocene). Whether this age is that

of volcanic eruption or later re-crystallisation is

not clear.

3. Campbell Island Volcanics and the underlying metamorphic

basement. Age: 6.6-6.9 m.y. (Upper Miocene), and 8.4 m.y.

for an older flow beneath the main sequence. A plutonic

igneous body in the volcanics was still older, 15 m.y.

(Middle Miocene), while weahtered rocks on which the

volcanics rest aged 165 m.y. of similar age to the

Chatham Island and parts of the Haast Schists.

4. Cretaceous volcanics of Buller and Westland give younger

ages, 25-45 m.y., than presumed from stratigraphic evidence

(65-75 m.y.). This may be due to argon anomalies as

observed in the East Cape Volcanics. To test this

hypothesis detrital muscovites from lower and middle

Tertiary coal-bearing sedimentary sequences are to be studied.

(C) Chronology of younger granites of Buller and Westland.

The age of mineralised granites in NW Nelson. The

large Karamea Granite batholith dated about 360 m.y.

(Devonian) however minor mineralisations in the Karamea

granite gave 110 m.y. (mid-Cretaceous) age for the

mineralisation. Molybdenum mineralisation is associated

with granites dated at 100-110 m.y., while silver mine-

ralisation is associated with younger granites, 90-100 m.y.,

at Richmond Hill near Collingwood.
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The oldest rocks which post-date the Rangitata Orogeny

are the Hawks Crag Breccia. The age of the Hawks Crag

Breccia is constrained by the immediately older Berlins

Porphyry and the Buokland granite. The Berlins Porphyry

fall in the range 105-110 m.y. (mid-Cretaceous) but the

younger biotite and muscovites from the deeper Buckland

Granite age, 95-99 m.y., reflect uplift erosion and

sedimentation at the close of the Rangitata Orogenic cycle.

(D) Age Studies of Antarctic Precambrian-Palaeozoic rocks

Precambrian Volcanics gave 4?0 m.y. biotite ages for

the Wyatt Formation while biotite and hornblende ages of

the Nimrod Group ranged from 470-1000 m.y. It is thought

that some older ages are not real but are due to excess

"initial" argon released by the emplacement of the Granite

Harbour intrusives (470 m.y.) and then recaptured by new

metamorphic minerals.

Other projects involved the age of porphyry-copper

mineralisation at Moonmera, Queensland, 247 ± 2 m.y.; the age

of Precambrian metamorphic complexes of Afghanistan, 400-760

m.y., confirming the Precambrian ancestry ( 760 m.y.) of the

rocks but also indicating extensive younger thermal effects,

while hornblende ages from New Caledonia confirmed their Eocene

(35-55 m.y.) metamorphic age.

During the year, 520 argon analyses and 735 potassium

analyses were made,and the BASIC computer programme was

modified to simplify the calculations.

Radioactive Dating and Fallout

Although the radiocarbon method has been in operation for

more than 25 years there is always room for improvements. A

method has been developed for purifying the CO- without having

to use the lime furnaces and P̂ O.. drying towers. In addition
14 5

to the production of C ages for geologists and arachaeologists

a considerable amount of effort went in the analysis of soil

profiles and geothermal samples.
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Th« computer plays an ever increasing part in both the

sorting of our considerable amount of C-14 data and in the

resolution of counting errors. During the year the guard

ring- for counters B and C was replaced after 15 years service.

At the same time modifications were made to the C—Xk counters.

The improvements resulted in a reduction of the background of

counter C from 18.5 cpm to 16.5 cpm and made the operation

and maintenance of the counters much more i'lexible. Counter A,

a demountable counter, was disassembled for the first time

after three years of continuous operation. The only noticeable

change to the inside of the counter was a very fine coating of

dust on a tubular insulator, cleaning did not reduce the

r-ounter background, so the insulator was replaced by one made

to a modified design. The background fell from 15-3 cpm to

13-8 cpm. More use is now being made of our methane counters.

A better designed, no-break power supply has performed very

satisfactorily through several power breaks.

Improvements have been made to the tritium dating methods.

Continuous feed electrolysis cells have replaced the batch-

operated system. Over 280 samples were enriched during the

period under review, over 700 counting runs were achieved for

tritium alone, and several hundred runs were completed for a

cannabis metabolism investigation.

We participated in an IAEA international inter-laboratory

comparison on four tritium standards most successfully. We can

conclude that our system is by far the simplest and easiest to

operate and is likely to be the cheapest as well.

One problem with our tritium measurements in the geothermal

region has always been the fear of tritium contamination. To

ascertain contamination-free processing, duplicate runs through

all stages of processed blank samples were analysed and

evaluated with statistical methods. The likelihood that

laboratory contamination did not occur has been estimated to

be better than 95$- This enables us to estimate the achievable

lower detection limit at 0.25 T.U.
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The tritium scintillation counter has proved valuable to

the fallout project, enabling us to measure oc-Pu-239 activity

in sea-water and soil samples and it could be used as a quick

method of monitoring beta radiation, e.g., from Yt-9O. The

level of Sr-90 in soil samples was of the order 120 pc/kg,

while the level of Pu-236 in rain water is around 0.1 pc/litre

and in sea water 0.001 pc/litre.

Work on dating by electron-spin resonance continues and

a core from the southern half of Lake Taupp was dated by the

Pb-210 method. A uniform sedimentation rate of O.26 ± 0.03
p

kg/m /y was measured. Sedimentation rates in Lake Pukaki

were measured using Pb-210, Cs-137, Pm-1^7 and Ce-l^Jt.

Cs-137 measurements indicated sedimentation rates of Ik kg/m /y.

Radioisotope Applications

For underground flow measurements at Broadlands a sampling

technique, using the Ip/l~ exchange reaction to concentrate

the iodide (l~) tracer as iodine, has been developed.

Our knowledge of the chemistry of the actinide elements

increases. Voltage conditions for thorium electro-deposition

were established. Plutonium alphas were counted under a

special configuration of the alpha detector to prevent contaminati

of the detectors. Using the same conditions Th-234, a pure

beta emitter was counted. The usual isotope pair used for

tracer is U-232/Th228. U-232 is almost a pure alpha emitter,

as is Th-228, but Th-228 is a natural isotope of thorium. It

was found possible to differentiate these isotopes using their

X-ray spectrum. Consideration was given to using U-237 a pure beta

emitter a daughter of Pu-2hl, by a minor alpha decay. However,

commercial grade Pu-239 contains significant amounts of Pu-24l

from which significant amounts of U-237 could be obtained.

Our C02 measurement equipment at Baring Head continues

to provide a valuable record of the seasonal and secular

changes of atmospheric COg. Reference gas measurements are

an important part of this international study. Xt has been

shown that the infrared analyser responds differently to a C0 2
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in nitrogen mixture than it does to a CO- in air mixture. This

is due to oxygen causing1 pressure broadening of the CO,,

adsorption bands. This effect is being carefully studied.

We vere able to show that sewage injected into the

Waimakariri River Estuary during one tidal cycle should be

flushed out to sea before the next. Mathematical equations

have shown that river flow measurements by the dilation method

are significantly better than by the direct method.

ZhA radioactive tracer, Na was used to measure the dryness

of steam produced by a boiler at the New Plymouth Power

Station. Radioactive iodide and bromide are to be used as

underground water tracer experiments on the Heretaunga Plains.

The movement of wood chips through the wood-chip digested at

the Kawerau Paper Mill was followed using titanium-encapsulated
1 JtO

La in an attempt to find the "holdup" points and to determine

the transit time through the digestor. Further abrasion tests

have been run using the radioactive Waring blender. Abrasion

effects,greatly in excess of the individual components, are

caused by interaction of clay particles and fibres which

depend on clay type and percentage, fibre and previous processes

such as drying. The considerable care needed in the use of

radioactive tracers in the study of underground water flow was

shown using radioactive iodine. Because of the high organic

content in the soil (from sewage ponds),adjacent to where the

tracer was injected, the tracer did not move, whereas the normal

soil in the area did not absorb the tracer.

A new project involves the estimation of radon. It has

been shown that variations in radon in ground water may be

related to earth movement prior to an earthquake. Spring

waters originating near faults are being monitored. After 35"

assays there does not seem to be any correlation between the

radon content of the water and the earthquakes recorded.

Using a scintillation probe lowered down a well we have

recorded radioactivity over four days. Small variations on

top of a constant background have been seen. The constant back-

ground is due to the surrounding rocks; the variations are due
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to radon and its daughter products. The changes have a very

strong negative correlation with atmospheric pressure. A

scintillation probe was left in the outlet waters of the

Wairakei Power Station. Substantial radioactive variations

were observed but there was no correlation with recorded

earthquakes. Radon was alsio measured in the geothermal bores

at Wairakei and Broadlands. From a health physics point of

view it is necessary to determine total radon content and the

amount of daughter products attached to dust particles. No

radioactivity could be detected on dust particles.

Radon in the air was removed by first scrubbing the air

and then adsorbing the radon on silica gel at liquid nitrogen

temperature. The silica gel accumulated the daughter

products and the activity was counted in a Nal(Tl) well

detector. The air in all regions studied contained around

O.O5 pCi/litre. This is typical of some of the lowest values

in the UNSCEAR report. These results mean that Wairakei emits

about as much radioactivity into the air as a boiling-water

reactor. These levels are diluted to the maximum permissible

concentration (MPC) in air by the stack system in operation

at present.

A method was developed for the estimation of radium in

coal. Positive results had been obtained for one coal. Radon

was also measured in South Island hot springs. The results

ranged from 137 to I830 pCi per litre. An interesting case of

stratigraphy was the correlation af a horizon of very high

radioactivity in the test holes in the Maul field with the

corresponding horizon on land. The radioactivity was not

due to uranium.
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Instrumentation

In addition to the maintenance of the considerable amount

of complex instruments belonging to the Institute, new

instruments are also developed, such as a variable energy-

transmission X-ray tube, a 60-litre water sampler, a vacuum

distillation unit, a wood microdensitometer, using an Fe-55

X-ray source, a binary decoder driver for connection to the

PDP-9 computer, and an interface controller unit to provide

the electrical and logical compatibility of signals between

the PDP-9 computer and the IEEE bus.

This year, low-cost microprocessors became available

that are suitable to replace large parts of conventional

logic systems. Three microprocessor development kit systems

have beei: purchased by the electronics section for evaluation

as to their application within the Institute, including control,

data processing and data presentation. Examples of

applications are retrieval of data from a four-channel data

logger, video display control and use as an IEEE bus controller.

Instruments in the course of being updated are the MS1O

mass spectrometer for automatic peak-switching and data

logging. A Cosmac microprocessor will be used to perform all

the programmed functions required. The Unlearn flame photo-

meter is to be fitted with an automatic sample changer and a

video display board suitable for interfacing to a microprocessor

was designed and constructed.

Maintenance goes hand-in-hand with upgrading of the

equipment. Some of the equipment improved in this way were

the ultrasonic cleaner, the frequency synthesiser, the

positioning of the cobalt-60 source and the use of field-effect

transistors to replace the electrometers in the AAEC ratemeters".

The Institute had only one fault-locating probe for logic

circuits. An original design of a suitable probe was devised

and a second probe constructed. Another piece of original

equipment was a device for applying solder to Vero board

circuit layouts.
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The circuitry to connect a digital voltmeter motor

controller and field'memory unit controller to the IEEE data

bus was designed and constructed. A suitable cabinet to hold

this equipment was also designed and constructed, and the

unit tested and mounted in the Micromass-30 mass spectrometer.

Theoretical Studies

The difficulty of getting sufficiently rapid computer

facilities in New Zealand for advanced theoretical nuclear

structure studies is such that this work will have to be

delayed until the DSIR network comes into operation next year.

Fortunately work on reduced density mattrices does not need

computer facilities and two papers on lower-bound energies

for many-body systems are in preparation. Other theoretical

work in the nuclear physics field concerns the existance of a

small parity-nonconserving component in the internuclear

force, and detailed information on the momentum distribution

of orbital electrons of the molecules CO and N,.

The Institute has played an important part in recommending

that DSIR be provided with a country-wide computing network

which could link to the ICL and IBM computers operated by the

State Services Commission's Computer Services Division. We

recommended that the DSIR network be based on the CSIRONET net-

work using the software system NODECODE developed for use with

PDP-11 computer nodes. The system in operation consists of ateletyp

terminal connected to one of the local Gracefield nodes. There

are five nodes, the others being at Palmerston North, Auckland,

Christchurch and Wellington. The local nodes are connected

to a central node at Gracefield which is linked via telephone

lines to the IBM37O/168 computer in Cumberland Computing Centre,

the ICL298O computer at Trentham and a third line is for other

host computers.

A pair of magnetic tape drives were acquired this year as

peripheral equipment for the Institute's PDP-11.Computer sub-

programs have been written to give much more flexible access

to these tapes.
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Planning for Nuclear Power

Towards the end of 1975 and to the end of March 1976 the

Institute's staff put in some 86 man-months of effort

preparing reports on various aspects of nuclear power

generation for the NZAEC and the Burns Committee. This effort

was increased during the later part of 1976 as the Royal

Commission on Nuclear Power commenced their hearings. A

computer system was developed for handling the copious

literature available on the subject of nuclear power generation

and associated hazards to the environment and to Man.

Initially a literature survey was carried out under 33

headings and from these data twenty reports were prepared for

submission to the NZAEC by March 1976. After approval by the

NZAEC the reports were submitted to the Fact Finding Group on

Nuclear Power under Sir Charles Burns as chairman. We were

asked to consider what further information should be made

available to the Burns Committee.

In September the Government approved a Royal Commission

on Nuclear Power Generation in New Zealand. Based on our

reports to the Burns Committee, sixteen reports were forwarded

to the McCarthy Commission as part of a survey of available

literature on nuclear power generation.

In addition to the above reports DSIR also undertook the

task of writing a report, "Nuclear Power and Its Consequences",

and we were asked by the chairman of the Commission to write

a summary of each of the DSIR reports, except for those which

should be read in full.

In addition to the above work many members of the staff

played a very important part in the presentation of information

on nuclear power to the public by way of lectures, television

and radio talks.
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2. RESEARCH PROJECTS

A. Nuclear Physics

A. General

Work has recommenced on a study of a number of resonances

in the 'Al(p,y) Si reaction with the aim of establishing

accurate y-ray intensity measurements. The first part of the

program is to study the 2519 and possibly the 2^83 keV resonances

to accurately establish points on the relative efficiency curve

of our Ge(Li) detector. When the efficiency curve has been

evaluated as accurately as possible it is proposed to determine

the intensity of the y-rays from the 20^5 keV resonance. If a

consistent set of intensities is obtained this resonance should

be useful for rapid detector efficiency calibration. This

resonance has already been studied for this purpose. ' In the

second half of the year a little additional work on the
2*7 9ft
Al(p,y) Si reaction was carried out.

In order to gain a greater understanding of some of the

problems met in the determination of nitrogen in steel a yield

curve of the 7-3 and 8.3 MeV y-rays produced in the reaction

N(d,p y) N was measured over the range 0.5 - 2.6 MeV.

A.2 Accelerator

A.2.1 Operation - R.J. Sparks, R.D. More and C.R. Purcell

During the first half of 1976 the accelerator was only

run for 150 hours of beam time. Down-time was high due to belt

problems and a delay in delivery of a new belt. Hopefully the

problems have now been solved and the machine is running satis-

factorily. The useful beam was used for production of radioactive

carbon dioxide for plant studies> proton-induced X-ray fluorescence

samples and a recommencement of proton capture studies in nuclear

physics. The breakdown of usage is as follows:

INS Accelerator Section: protons

INS Isotope Application Sectiomprotons

deuterons

PEL Biophysics Section: dauterons

Total>

Hours

102.5
9.6
6.0

32.1
150.2

Machine Days

23

4

3
25

55

'D.L. Kennedy, University of Melbourne (unpublished).
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During the second half of this period the accelerator

was run for 257 hours. Down-time was hig-h due to a belt failure

and time spent in locating the cause, and preventive measures to

attempt to prevent a recurrence. The useful beam was used for

the production of radioactive carbon dioxide for plant studies,

charged particle activation for the determination of nitrogen

in steels, and proton capture studies in nuclear physics. Work

recommenced on the production of the 10-minute half-life isotope,

nitrogen-13, for studies of nitrogen fixation in plants and

aquatic systems. The breakdown of usage is as follows:

Hours Machine Days

INS Accelerator Sections protons

deuterons

PEL Biophysics Section: deuterons

Ecology Division, Taupo: deuterons

Total:

A.2.2 Maintenance

At the beginning of the year we found that the charging

belt of the accelerator was electrically damaged. This belt had

only recently been installed and ran only 200 hours before the

damage was noticed. A new belt was installed; this had been

in storage for 16 years(!) so the charging properties were

suspect, but this was an interim measure while awaiting a new

belt from HVEC in the USA. Great difficulty was experienced in

conditioning to high voltage and many sparks occurred. During

all this unsatisfactory period of running, spot checks on the

dew point of the gas were made and these appeared satisfactory.

There were large variations in the belt charging current and

after checking out the charging power supplies the tank was

removed and it was found that the belt had been electrically

damaged.

After waiting for some weeks, a new belt from HVEC

was installed and carefully conditioned, but trouble was again

experienced in obtaining high voltages. Consultations were

then held with our gas suppliers and we found that they could

not guarantee that the quality of the carbon dioxide we were
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receiving vas of the same standard as that which we have had

over the previous ten years. They have recently changed their

manufacturing process, furthermore they said that it is

difficult to measure dew points accurately. A sample of gas

from the Van de Graaff tank was taken to their laboratory for

analysis and was found to have a low dew point - meaning wet

gas. The gas was removed from the tank and the tank evacuated

for several days. New gas was tested before filling and the

tank re-filled. The machine then conditioned excellently up

to 3 MV, so wetness of the gas seemed to be the probltm. To

help to eliminate this problem in the future, a circulating

gas drier system will have to be installed.

In July variations of column current were observed.

These were small increases in column current, about 10-20% jumps,

and did not appear to have any pattern, but may have been a

precursor to later events. Later in that month during a run

when heavy beam currents were required the machine became

unstable and required large upcharge currents. On opening the

machine it was found that the belt had failed again; long

vertical burns similar to previous belt failures were observed.

After extensive discussion, and advice from Dr H. Naylor

of Auckland University, it was concluded that "the belts have

moisture in them at installation". Therefore it was decided to

monitor the tank gas moisture content more rigorously than had

been done in the past.

A new belt was installed, all parts cleaned, components

checked, new spray screens installed and some belt guides

adjusted to reduce rubbing. The tank was filled with dry

nitrogen and the dew point was observed to fall, moisture from

the belt being transferred to the gas; the level of moisture

was constant after two days. This process was repeated and the

moisture level was then constant at a lower moisture content.

The tank was then filled in the conventional way and the dew

point of the gas fill was satisfactory.

The machine conditioned easily up to 3.1 MV and a

beam was run at 3 MeV. The machine appearod to be running
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satiafactorily. After fifty hours the belt was inspected. There

were light longitudinal rubbing marks - not severe, and no signs

of any discharges.

The same purging procedure with dry nitrogen was carried

out prior to filling, and subsequent running of the machine was

satisfactory.

A. 3 Instrumentation

A.3.1 Kevex Si(Li) Detector - G. Wallace

The molecular sieve, which maintains vacuum in the Si(Li)

detector cryostat, was found to be spent, and was replaced. At

the same time, the beryllium window was shown to have a small

leak and this also was replaced. While the cryostat was dis-

mantled it was noticed that one of the ceramic supports of the

detector had developed a bad crack, probably due to the mismatch

of expansion coefficients between the support and the brass screw

in it. This was temporarily repaired. At a later date, the

beryllium window of the detector was punctured and had to be

replaced again.

The original nylon support collar for the Si(Li) cryostat

had suffered considerable wear, and was replaced by one fabricated

from Teflon by the Engineering Section.

A.3-2 X-ray Fluorescence - G. Wallace

Some trouble was experienced with the operation of the

X-ray tube. On two occasions a leak was found through the window,

necessitating replacement. The tube filaments were also replaced

during one of these repairs. On another occasion the vacuum was

found to have deteriorated, and the reason eventually traced to

the Vac-Ion pump which had ceased to function. It was reconditioned

by baking to 500 C, and later cleaning with nitric acid.

The high voltage unit supplying the tube was modified

to facilitate an interlock and warning light on the enclosure

that provides shielding for the operator.

During the second half of the year only minor trouble

was experienced with the X-ray tube. The window was replaced
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again after developing a leak, and the Vac-Ion pump exchanged. The

tube filament had to be replaced as well. Previously this con-

sisted of 0.13 nun tungsten wire spot-welded to stainless steel

supports. By using supports fabricated from hypodermic needles,

it has been found possible to attach the filament wire simply by

crimping - a much less tedious procedure.

Construction of the new X-ray tube is still under way.

A.3.3 Ge(Li) Detector - G.E. Coote

A student at Victoria University wishes to carry out an

experiment which requires that a Ge(Li) detector be bombarded by

fast neutrons. One of their home-made detectors would be

suitable if it could be rejuvenated. The Physics Department is

equipped to carry out all procedures required for this, except

a replacement of the lithium junction by diffusion at high

temperature. The INS detector laboratory had become dispersed

over the years but it was possible to set up the original vacuum

chamber and perform diffusions on two old detectors at 400°C.

Equipment for the clean-up drift was also provided to the

University.

A.3.U Electronics

(a) General - K.P. Pohl and J.G. West

The Soil Bureau's gamma spectrometer had further work

done on it after its return from its repair trip to the U.K.

It was modified to give a punched tape format that is compatible

with the Time-Shared Basic (TSB) computer link.

Soil Bureau also asked us to have a preliminary look at

obtaining TSB punched tapes from other instruments. This fits

in well with data transfer problems of our own, so little work

will be needed to give them useful advice.

A further "blinking light" system was constructed for

the DSIR mobile display.

As the local agents were unwilling to attempt repair

and re-calibration of our rather ancient 585 oscilloscope, some

time was spent in trying to improve its poor performance ourselves.

This is very frustrating work and has had only partial success.
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The safety aspect of theX-ray fluorescence work has been

improved by fitting an interlock system to cut off X-ray production

when the shielding cover is lifted.

Design of a simple multiple sealer in the NIM format is

almost completed. A breadboard version has operated satisfactorily

and parts are now on order. Initially two will be built; one for

use with the X-ray gear and the other for isotope applications.

A variation on the design may also be suitable for eventual

replacement of some of the C—14 sealers. A prototype quad

sealer/timer NIM module has been completed and tested. This

module is currently being evaluated for use in other sections of

the Institute. It is hoped that some form of printout will

eventually be incorporated in the design.

(b) CAMAC - K.P. Pohl and J.G. West

Development of the CAMAC system is continuing with the

major effort being in the operating system (see A.7-2 - G. Wallace).

Two faults in the branch driver were found and eliminated: a

missing capacitor and an incorrect time constant. Minor changes

to the ADC interface have hopefully now resulted in a completely

fault-free unit. The larger memories required to put the ADC

into full useful operation have still not been received.

The next stage in CAMAC, a local CAMAC memory module,

is in the planning stage with the major components already on

order. One problem that will have to be tackled is the

multiplicity of mains earths. At present it is not possible to

transmit analogue signals from room to room without degrading

them considerably because of the difference in earth potentials.

Some mains re-wiring may be called for.

The larger memories for the ADC interface arrived and,

after some re-building of the interface,were installed. The

interface now appears to be working fault-free and awaits further

testing with the operating system. Semiconductor memories arrived

for a CAMAC memory module. These memories have been tested for

functional operations.

Planning has commenced on a CAMAC module interfacing
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the Kieksort multi-channel analyser to the PDP-11. It is

planned to interface the PDP-8 to the PDP-11 with a similar

module which will allow data transfers in both directions.

(c) Sweeping Single-Channel Analyser - K.P. Pohl

A sweeping single-channel analyser and rate-

meter has been designed for the Isotope Applications Group.

This will allow plotting of spectra using merely a detector

and this unit; in fact a 'poor man's multi—channel analyser1

At present it is at the partly completed prototype stage

and should be available for use early in 1977•

(d) Electrolytic Deposition Unit - K.P. Pohl

A controlled potential electrolytic deposition

unit was taken from a rough breadboard to working prototype

stage. It has now been passed to the Engineering Section to

assemble and duplicate. These units will be used for

selective deposition of various electrochemical species, in

the first instance in connection with (a) uranium/thorium

and protactinium dating of sea shells in coral, and (b)

plutonium-239 measurements in rainwater in connection with

bomb fallout studies. Both the above will be written up as

reports upon completion of some months of satisfactory

operation by the users.

(e) Microdensitometer for F.R.I. - K.P. Pohl

The workshop has started construction of the

mechanical components. It is to be hoped that these will be

completed early in 1977» as the completion of the instrument

is dependent on measurements taken after satisfactory

mechanical operation is achieved.

A one-day discussion with F.R.I, staff at Rotorua

was held in November. This proved most useful in ascertaining

their present thoughts on the way the instrument will be

incorporated into the F.R.I, data acquisition system and

also its detailed method of operation.
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(f) Soil Bureau Remote Servicing - K.P. Pohl

A request from Soil Bureau for "remote servicing" of a

neutron soil meter caused an interesting diversion:- the

instrument was being used in Rarotonga and was only partially

operational. A fault-finding procedure was devised in detail

and subsequently spares were ordered from the manufacturer.

(g) Ruakura - Bone-density Measurements - K.P. Pohl

Further discussions were held on this topic with Merv

Aitken of Ruakura Agricultural Research Station. Only a small

amount of work is still required to produce a prototype system

for evaluation by him. This will be done when instrumentation

is available on loan from the Isotope Applications Group.

(h) River Sediment Transport - K.P. Pohl

A request from Dr S. Griffiths of MOWD for help and

advice regarding density measurements of river water is presently

under action. After a preliminary investigation it appears that

a gamma-ray transmission measurement will be suitable, provided

that mechanical problems can be solved.-

A.h Experimental Program

A.4.1 5°Ti(p,y)51V - G.J. McCallum, F.C. Rumsey, K.P. Pohl

No work was carried out during the period.

A.k.2 27Al(p,y)28Si - R.J. Sparks

Investigation of 'Al(p,y) Si resonances has been re-

commenced in order to obtain a suitable efficiency calibration

standard for Ge(Li) detectors. Yield curves with fairly thin

targets (about 2 keV thick at Ep=1.0 MeV) have been measured for

the resonances at 992, 20^5, 2k76, 2483, 2^88 and 2519 keV, res-

pectively. The tantalum target backings were cleaned by heating

to white heat under vacuum prior to evaporation of the aluminium,

as it can be demonstrated that this treatment reduces the fluorine

contamination by about 7O%. The yield curves obtained generally

agree with the best published work at hand. The Ep=2O^5 keV

resonance peak shows signs of a weak, broad component at about

E =2O48 keV, in agreement with the measurements of Meyer et al. '

and Dalmas . Meyer et al. did not detect any (p,y) strength for

the weak component, whereas Dalmas assigns a strength of 2 ± 1 eV.

Spectra have been taken across the resonance in attempt to resolve
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this matter, as it affects the usefulness of the E = 201+5 keV

resonance as a calibration source.

Measurement across the group of resonances at Ep=2476,

2483 and 2U88 keV shows that the strong Ep=2483 keV component

has a width P = 2.0 ± 0.5 keV, so that it makes a significant

contribution to the yield from the narrower, and weaker,

Ep=2U88 keV component. This group is completely unresolved in

(PfV) b v Dalmas, but the yield curve shown by Meyer is in good

agreement with the one measured here.

The Ep=2519 keV resonance appears narrow and strong,

but allowance will need to be made for the weaker, broad f P =

13 9v') resonance at Ep=2535 keV. The present measurements

indicate that the broad resonance may be a doublet, but that in

any case the width given by Daltnas is about 50$ too large.

Accelerator performance

The measurements just described were also used to gain

an impression of the energy stability of the Van de Graaff

accelerator. Conditions have not been fully optimised, but the

accelerator alignment and magnet focussing were improved,as was

the alignment of the beam tube to the low background room. At

the Ep=2519 keV resonance in 'Al(p,y) Si the low energy edge

of the resonance required 437 eV to rise from 25$ to 75$ of

the maximum. Soppier broadening accounts for about 170 eV

(F.V.H.M.), but since the resonance width is not known an

estimate of the beam energy spread is not possible, except to

say that it is reasonably good.

A yield measurement over the-Ep=991.88 keV resonance

gives a 25# to 75# rise of 309 eV. For this resonance, P =

100 ± 15 eV3', and the Doppler width is 111 eV. Assuming a

Gaussian energy profile, this implies a beam energy spread (F.V. •

H.M.-) of (230 ± 35) eV-for this Measurement. While quite

respectable, this figure should be capable of improvement.

References

1. M.A. Meyer, X. Venter,and D. Rfiitmann, Nucl.Phys. A25O
(1975) 235

2. J.Dalmas, thesis, University of Bordeaux (1974)

3- P.M. Endt and C. Van der Leun, Nucl.Phys. A214 (1973) 1
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The topic of- Al(p,y) Si resonances has not received

very much attention in the second half of the year. Spectra were

taken over the resonance at E = 2.0U and 2.52 MeV and analysed

in detail to sort out the origin of the principal y-ray

transitions observed. These measurements confirmed that there

is a significant contribution from a weak resonance at 2.05 MeV,

and also that the broad resonance at Ep = Z.^h MeV makes a

contribution to the yield seen at the E D = 2.52 MeV resonance.
28

In both cases the primary transition to the level of Si at

Ex = h.(>2 MeV arises almost entirely from the stronger, narrow

resonance, giving a y-ray of Ey '"•9 MeV.

Higher energy transitions come partly or entirely from

the nearby weaker resonances, and so are not suitable for

efficiency calibration purposes.

A.^.3 A study of New High-neutron-excess Nuclides - G.E. Coote

(with a group from Simon Fraser University, under J.M.

D'Auria and B.D. Pate.)

The time-of-flight mass spectrometer was described in

INS-R-168 and INS-R-179. During January and February 1976

initial tests with radioactive sources were carried out.

A thin |3-source was placed at the collector foil

position, with a Nal crystal outside the chamber to provide

"START" pulses. The time-of-flight (TOF) spectrum showed a peak

at "zero" time corresponding to p-particles but no peaks which

could be assigned to recoiling ions. It seemed likely that a

surface layer was blocking their recoil from the source, so a

"thorium active deposit" alpha source was tried. This source,

made in the time-honoured way by placing a thin backing in a

sealed jar containing Th, emitted alpha paxticles of 6.3 MeV'

and 8.95 MeV.

This source was placed k cm from the ion detector with

a silicon surface-barrier detector close behind it to provide

the start pulse. A TOF spectrum with full-scale 200 ns showed

two narrow peaks, corresponding to ions recoiling with their full

energy following alpha decay; by using a linear gate it was shown
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that, as expected, the ions with shorter flight time were

associated with the higher energy alpha particles. The source

and detector were then moved to the far end of the flight tube

and TOF spectra were accumulated with different accelerating

voltages. A number of ion peaks appeared, one which shifted

only slightly with EHT hence corresponded to ions with full

recoil energy, and other peaks produced by ions which had been

thennalised in the source and were then accelerated by the

electrostatic field. Fig.1 shows three spectra at different

voltages. Identification of some peaks is definite but others

might arise by ejection of molecular fragments from the mylar

backing. Though this instrument was not intended for the study

of alpha decay some interesting results might emerge from

further simple experiments, for example the use of different

source backings.

A. i».4 (X,Xr) Spectrometry - G. Wallace

(a) Encapsulating Films

A sample of film that is commercially available for

X-ray spectroscopy was compared with household "Gladwrap". It

was found that although the commercial film was thinner than

Gladwrap, this was insignificant when covering a sample for X-ray

analysis. Moreover, contaminants were present in the commercial

film in surprisingly greater amounts than the Gladwrap. In this

case, "cheaper is better" appeared to apply.

(b) Forensic Case

Attempts to match specks of material on various plastic

devices with a salve proved fruitless.

A.k.5 (X,X>) Spectrometry - N.E. Whitehead

(a) Soils

Work continues on a large suite of soils supplied by

Massey University.

Soils samples from the Talgai skull site were analysed

in an attempt to determine if changes in elemental composition

with depth were of any use in dating. The data have not yet been

evaluated.
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(b) Gold in blood fractions

It did not prove possible to detect gold in the blood

fractions of patients treated with gold salts for rheumatoid

arthritis, so chemical separation was resorted to. The method

used relied on the co-precipitation of gold with tellurium as a

sulphide precipitate in hot HC1. With a known amount of

tellurium added, and known standards yielding various ratios of

tellurium to gold in the spectra, one need npt even measure the

chemical yield of the tellurium. What is more, non—uniform

deposition of the precipitate is automatically allowed for also.

The peaks are well separated in the spectrum. It was found that

some minor impurities from the HC1 used are also detected such

as iron and copper. Zinc appears absent. The experiments had

reached the point where calibration was complete and actual

samples were analysed. Levels found were comparable with those

feportad in the literature elsewhere. The technique therefore

appears quite useful.

(c) Nematodes

Some live nematodes were examined using the micro-

collimator, but the intensity available was not sufficient to

detect the three nematodes used. The experiment will be repeated

with several score of the specimens.

(d) Bone examination

In conjunction with Dr Houghton of the University of

Otago, a variety of bones (about 70 specimens) were examined as

part of a project to determine changes of elemental content with

age, especially archaeological age. Technical assistance was

available and the accumulation of spectra did not present

difficulty, but the standardisation was a very different matter.

Synthetic apatites were obtained from Dr P. Rothbaum of

Chemistry Division and used as primary standards after compression

into pellets. However it proved that the pellets (and more

important, the samples themselves) were not infinitely thick to

the beam, nor were they of reproducible geometry. Assumptions

were therefore made about the overall composition, especially the

content of calcium, and absolute figures calculated on that basis.
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The amount of arithmetic was substantial even using a programmed

calculator, and future large projects like that (10 elements on

67 samples) will be tackled using the computer. This will

necessitate the use of the Kicksort and Ortec printout system

since there is no other way to get large numbers of sealer figures

into the computer.

(e) Phosphorites

In a rather ambitious request we were asked to determine

most of the trace elements, the C-lh age, and the U/Th age on

some specimens of phosphorites from the Chatham Rise. We have

completed the first part of the request, but ran into the same

problems as with the bone samples. Noticeable in these specimens

is the presence of uranium.

(f) Corrosion samples

In response to requests from Chemistry Division,the

following samples were examined.

(i) PVC piping proved to have on top of it a layer containing

some form of copper. There were various other elements

present In the PVC but not in the corrosion layer,

(ii) A flake of paint from galvanised iron proved (not very

surprisingly) to have a white deposit on one side

consisting mainly of zinc. This was determined in the

presence of other elements in the paint such as titanium,

chromium, tellurium, copper, lead and zinc itself,

(iii) Mr Geoff Page submitted for analysis some aluminium

specimens irregularly anodised with chroraate. There were

discoloured areas on the pieces which were suspected to

be copper, but proved to be mainly zinc instead. The

chromium decreased as expected in those areas. Copper

tended to decrease rather than increase (some was

contained in the aluminium). The interpretation of these

results is that zinc was being carried over from a

plating bath.

(g) Serpentinite

As part of an effort to determine whether the carved

serpentinite Maori bird called "Te Korotangi" could have originated
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in New Zealand, a start was made on determining the composition

of serpentinites supplied by Geological Survey. These proved to

be rather heterogeneous, but a large number of assays gave means

and standard deviations showing that distinct types were being

analysed- Further work will be undertaken on this subject.

(h) Teeth

When an immature tooth is erupting it appears to be

quite sensitive to external forces. A blow applied to the gum

results in a tooth which contains either brown layers or white

areas which appear different from normal enamel. The latter

phenomenon is analogous to the white marks seen on fingernails

as a result of (for example) hitting one's finger with a hammer.

Some areas on such teeth were examined for the Dental Research

Unit. We examined whether the trace element concentrations were

different in the control and sample teeth from sheep. The results

were variable, but in general there was a decrease in the Sr/Ca

ratio around an affected region, and less zinc, but the iron

content was variable. Xt was hypothesised that the affected

region contained iron because haemoglobin breakdown products

were being incorporated in the tooth, and Dr Hugh Melhuish kindly

examined the samples for UV fluorescence since it is known that

amino acids alter bone fluorescence. Synthetic apatite was also

examined. The excitation maximum efficiency was 280-290 nm and

the major emission was at 368 nm with a small shoulder at h2$ nm.

Xn the experimental teeth the emission was shifted as low as

348 tun which indicated the possibility of amino acid incorporation

but did not prove it.

(i) Fibre analysis

Attempts were made to analyse a single fibre from a

forensic sample using the very small collimator, but they were

not successful. The X-ray tube had to be run to a point where

the vacuum started worsening dramatically, and the count rate

was still rather low.

(j) Solder analysis

Analysis showed a solder specified as Silphos to be

conventional lead/tin solder.
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(k) Sinter samples

Dr Werner Giggenbach of Chemistry Division supplied us

with some sinter samples which proved to have an unusual peak in

them. Th s was eventually identified unequivocally as gallium,

an element which would never have been thought to be worth looking

for. This again shows the usefulness of a spectral approach.

The gallium was a major element in one of the samples. The

significance of this is not clear; the geochemistry of gallium

is not very well known.

(l) Plating defects

Chrome-plated mirror holders having defective plating

were examined. No unusual elements were found which could

account for the defects. In another,similar experiment a flake

from one of the holders was examined and from the relative

heights of the peaks and analysis of both sides of the flake it

was possible to conclude that the outer layer was a very thin

layer of chromium with a thicker underlying layer of nickel,

another underneath it of copper, and a thick layer of zinc under

that, which had lifted away from the body of the casting.

(m) Bromine in dried fruits

There are legal limits on the amount of bromine allowed

in foods, but there is a possibility that fumigation with methyl

bromide may lead to raised levels. Dr R. Winchester of Chemistry

Division submitted various samples with the intention of

developing a quick screening method for material, following

which it might be possible to analyse a high sample in detail.

The apparatus, as it is, proved very suitable for this, since

the bromine peak lies in an uncluttered area of the spectrum and

the sensitivity is good (perhaps 1 ppm or slightly better).

Dr Winchester was shown how to use the equipment and

will be given use of it when needed, to run his own samples.

This is in accord with our policy of teaching others to run

their own samples where long-term repetitive assay is involved.

(n) Rare earth polishing powders

These powders are used for optical finishing. They were
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and praseodymium, with additional lead in one case, and thorium

in another. The latter powder proved to have measurable radio-

activity as expected.

(0) Forensic work

There continues to be a demand for (X,Xf) spectrometry

in forensic works-

(1) A blood-soaked shirt originating from a gang member

shot by the police in a well-publicised incident in Taumaranui

was examined. A small hole proved to have large amounts of copper

around it. The bullets used in this case were copper cased. It

is doubtful if normal copper detection methods would have been

so satisfactory in the presence of so much blood residue.

(ii) Wood stains were examined in an effort to link them

with bullet marks. Lead was found.

(iii) When a bullet goes through a target of cardboard a

hole is left which may be only slightly enlarged by the passage

of a second bullet through the same hole. Proving such a

passage may be difficult. Mr C. Purcell managed to show that

such a double hole gives a lead signal about twice as high as

that from a single hole. This technique in theory could be useful

for disputed cases in rifle shooting competitions.

(iv) After a break-in at the Judgeford Golf Club glass

was found in the clothing of a suspect. The composition

included arsenic, an unusual element in glass, and thus indicating

the range of locations from which the glass could have come was

severely limited.

(v) Various samples associated with a recent murder were

investigated. It was found possible to determine the trace

element content of cloth partially charred in an incinerator, and

show that it corresponded in some of its elemental ratios with

some other supplied clothing. Masking tape was also examined, but

apart from a large amount of zinc in all samples the differences

were minor. One other interesting finding was the presence of

large amounts of chlorine in the spectra of material from the

incinerator. This argues the recent incineration of PVC material

there, which is of interest in the case.
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(vi) Fingerprints are obtained by dusting a surface with

a suitable powder and.lifting the fingerprints off with clear

adhesive tape. This is then stuck on celluloid, so that the

print is between two layers of plastic. In the case investigated

a fingerprint had apparently vanished from between the two

layers in a manner rather reminiscent of certain detective

fiction. Analysis showed none of the usual elements which are

major constituents of such powders, and it had to be concluded

that the fingerprint had never been there. Analysis of some of

the fingerprint powders supplied for comparison showed that one

Libelled "lead carbonate" actually contained insignificant lead,

but zinc and bismuth instead.

A,k.6 X-ray Fluorescence - K.P. Pohl, G. Wallace

A large quantity of tin plate supplied to a manufacturer

was known to have the plate on one side four times thicker than

on the other. The sides were unmarked, and X-ray fluorescence

was used to distinguish them.

A.k.f XRF Spoctroscopy - G.J. McCallum and Mrs F.S. Rumsey

The use of inelastic proton scattering for obsidian

characterisation has been described in eirlier reports (see INS-R-

93). As there appears to be a number of advantages in using XRF

spectroscopy rather than inelastic proton scattering for this

type of work, a program to compare the techniques has been

initiated. The principal advantages of XRF are as follows:

(i) a wider range of elements can be identified,

(ii) samples can be of any size (greater than about 1 cnj2 in

areal dimension and less than 1 mm thick), hence genuine

artefacts can be handled,

(iii) the technique is entirely non-destructive,

(iv) the sample is measured in air so no vacuum problems are

encountered and no special sample holders are needed.

Samples used for the earlier inelastic proton scattering

studies have been used for the preliminary investigations. These

include source material' from a number of known sites but certainly

not all sites are represented. A number of new computer programs

were developed to assist in the processing and tabulation of the
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large amount of data that has been accumulated. The following

elements have been detected in the samples: potassium, calcium,

titanium, iron, copper, zinc, gallium, arsenic, rubidium,

strontium, yttrium and zirconium.

Standard counting and analysing techniques have been

developed; the next phase of the program will be to obtain

representative source material from known sites.

A.4.8 (p,P* y) Spectrometry - N.E. Whitehead

An old request from the New Zealand Fertiliser

Manufacturers' Research Association was finally processed.

Grass which was taken from a field treated with fluorine-

containing fertiliser for a few decades was examined for the

presence of fluorine, but none was detected.

A.4.9 (d,p y) Spectrometry - N.E. Whitehead

Bones were analysed by the above method for their

content of nitrogen and carbon. Standards were made by mixing

appropriate amounts of salts containing the above elements with

the standards. The amounts of nitrogen present were sufficient

to enable an assay to be successful (several percent N present).

However the carbon was in the form of carbonate, and some

decomposition may be possible under the analysis conditions.

Further work will be needed on this, but it appears as though

an assay for nitrogen, in connection with C-l'j work may be

possible without resorting to Kjeldahl methods.

A.4.10 (p,X) Sepctrometry - N.E. Whitehead

Dr Wolfgang Passl of Chemistry Division asked whether

it was possible to measure the concentration gradient of various

elements on the surface of soda-lime glass. This is of importance

in checking how long soda-lime bottles used in hospitals, for

storage of material to be injected into patients, can be re-

autoclaved. It was thought that the surface disintegrated, and

if this were the case it could be dangerous because the

constituents of the glass would then be included in the material

being injected into the patient.
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The light elements were particularly important, so

the Van de Graaff was run at low energies. It was important

to analyse as thin a surface layer as possible, so the

question was how low in energy the accelerator could be run.

Experiment showed that a current of 50 nA could be obtained

at 0.45 MeV and a current of 1 nA at O.k MeV. Others

subsequently obtained rather better currents, but these were

quite adequate for the purpose. The accelerator has not been

run this low before, but this again demonstrates how versatile

it is. The glass samples were analysed at 0.^5, 0.76, 1.0,

1.5 MeV, and calculation showed that depths analysed (mean

depths) ranged from 0.7 micron for. sodium at 0.45 MeV to

4*8 micron for calcium at 1.5 NeV.

Sodium was difficult to detect because of the large

amount of silicon present, but potassium, calcium, chloride

and sulphur were easily seen. Tabulation of the results

showed a distinct trend - potassium was much higher on the

outer layers (a puzzling result until it was found that the

glass had been washed thoroughly in potassium chloride solution).

Calcium showed only weak trends. Since sodium was of great

interest the samples will be run using a different technique

next year, such as (p,pf) spectrometry. It may also be

possible to exploit a resonance in the reaction Na(p,y).

A. 4.11 Low-level Gamma Bay Counting - K.P. Pohl

A preliminary study of backgrounds related to low-

level gamma ray counting was begun using the Ge(Li) detector.

Inquiries for low-activity shielding materials are also being

made.
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A. 4»12 Production of Radioactive Carbon Dioxide -

R.D. More and PEL staff members

Trouble was experienced on the gas collection side

of the production system in that the specific activity of CO

was low. Some dry runs were carried out and considerable C0p

was collected, this was identified by gas chromatograph analysis.

Therefore a source of C02 was interfering with the radioactive C0_.

It was finally found that the backing pump on the large diffusion

pump was not air tight on the atmospheric side, hence air could

be drawn through the system when a vacuum was applied at the

collection point. During this investigation it was found that

the large diffusion pump was contributing more to the radio-

active gas production than the local target pump. At present

the local target pump has been eliminated and also a small

flow.of dry nitrogen is admitted to the gas ballast section of

the backing pump and this now gives satisfactory purity and

yield. Samples containing greater than 2 millicurie of CO-

are produced regularly every three hours during the experimental

period.

A very good production run of COg was made early in

the second half of the year. Five to six samples were made a

a day and this ran continuously for fourteen days until inter-

rupted by a machine failure.

The production line has been modified to make it a

permanent fixture and this has improved reliability of the

process, although care is still needed as in some later runs

unwanted vapours caused a loss in specific activity of the

sample.
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A.h»13 Nitrogen Determination in Steel

(a) Fundamental studies - R.J. Sparks

A series of experiments has been undertaken in

order to better understand the factors influencing the

accuracy of nitrogen concentrations measured by the N(d,py) -*N

reaction. Gamma-ray spectra from this reaction, measured

with a thin nitrogen target prepared by Dr A* McXlraith (PEL),

have been used to interpret the spectra obtained from steel

samples containing nitrogen. This revealed that some of the

standards used for calibration have severe background problems,

and are useless for practical purposes. This is especially

true of the standard steels BCS 26k/l. and BCS 265/2.

The excitation function of the N(d,py) -*N reaction

for 7*3 and 8.3 MeV y-rays has been measured from E,j = 0.5

to 2.6 MeV, and this, together with knowledge of the stopping

power of steel for deuterons, gives information about the

effective thickness of material employed for analysis. In

addition, it is also possible to determine if there is a

significant change in nitrogen concentration over the depth

of steel accessible to the deuteron beam.

A full account of this work will be given in a separate

report, in preparation.

(b) Analysis of Samples - R.D. More and C.R. Pureell

Nitroge.i determinations in steel samples were

carried out for Chemistry Division, and a metallurgy laboratory.

Trouble has been experienced in obtaining good correlations

within the standard samples and this la now being investigated,

as reported above.

A. h.\,h Production of N - R.D. More and G.J. McNaughton (PEL)

After a lapse of some time, Interest is now being
13shown in the application of N, a 10-minute half-life positron

emitter. Preliminary experiments have been made, using Na_CO_
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as a target, to identify the resultant radioactive constituents.

It was found that we are producing 20jS CN~, 20$ N0~ and 605& N0~.

As it is envisaged that the nitrate ions will be used in plant

studies the other contaminants should easily be eliminated.

In conjunction with Ecology Division, Taupo, an
13

attempt was made to make N gas and bubble it through a

solution of algae to see the effect of bacteria on the uptake

of nitrogen. Unfortunately oxides of nitrogen were produced

aa well as N 2 and this masked the effect, also yields were low,

making counting difficult. More development is envisaged on

this project to increase yield and purify the gas.

A. 5 Nuclear Magnetic Resonance

A.5.1 Experimental - L.A. McLaohlan

The detailed analysis of the second experiment on

cancer in mice has been completed and a rough analysis of the

last experiment done. This experiment was marred by an inter-

mittent fault in the digital data transmission. Sometimes it

caused obviously erroneous relaxation times, but on other

occasions values at the limit of what is likely were obtained.

These could not be discarded a priori, so the resulting sta-

tistical scatter is large enough to make the conclusions of

the experiment, rather vague. Nevertheless, they confirmed the

results of the earlier experiments, even though the measurements

were done in a different way. Three lessons were learnt from

this experiment:

(i) Never do off-line relaxation time measurements with

perishable samples.

(ii) The sample temperature should be kept to within a

degree, not the four degrees allowed in this experiment.

(iii) The statistical erxoT of each type of measurement

should be found experimentally and compared with the

calculated value to uncover unexpected sources of

error.



kX.

Work has started on a project to determine the state of

water in CaSiCV hydrates formed from treatment of the discharge

from the Broadlands geothermal field. This is being done with

Mr R. Dolby of Chemistry Division. Measurements made to date

suggest that the water is bound in a more complicated fashion

than is normally found in this type of solid.

A.5.2 Equipment - L.A. McLachlan

The experimental defects noted above are being corrected.

Firstly the digital data system was modified (K.P. Pohl and J.

West) to transfer data directly into the PDP-8, where it is

analysed on-line and the resulting relaxation time typed out in

the NMR room. It was then further modified (j. West) so that

only part of the signal averager memory could be analysed, but

there are still some snags in this modification.

A sample temperature control built by Mr W.H. Heald

was finished. This has a slow heating rate because of heat

losses from the connecting hoses. Because of this pre-heating

of the samples by means of a water bath will be needed if samples

are to be changed rapidly.

Other work done included installing new pole pieces

and testing the diffusion coefficient unit. The new cylindrical

pole pieces have a narrower gap and give a big improvement in

homogeneity. At present this is limited by the homogeneity coils

which were built for a larger gap. New correction coils have

been designed and the formers for them constructed by Mr J.

MacKintosh, but they have not yet been wound. While testing the

diffusion coefficient unit, it was found that the pulses were

interfering with the gradient pulsing unit. Shielding between

the rf and gradient coils eliminated this problem and the

pulsed gradient vas calibrated to ± 15#. A more accurate

calibration awaits the full operation of the digital data transfer

unit.

The on-line data analysing system was working well during

the second half of 1976. Whilst using it to study the statistical

accuracy of measurements, some systematic errors were found and

traced to non-linearities in the intermediate frequency amplifier.
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This was found to have three design faults serious enough to

make it unclear how it could ever have met the manufacturer's

specifications. Work has ceased until this amplifier is re-

built.

A.6 PDP-8 Data Processor

A.6.1 Operation

The processor operated satisfactorily throughout the

year.

Total time run to date 42 260 hours

Tine used during the year 1 120 n

A.6.2 Interface to NMR - J.G. Vest and G.J. McCallum

The pulsed NMR equipment has been interfaced to the

PDP-8 to enable on-line data processing to be carried out.

Experiments can be controlled from a teletype in the NMR

laboratory. Data are analysed using a program (vritten in

assembly language) which carefully checks for correct data

format before proceeding with analyses. Details of the interface

and program are reported in INS-R-I85.

A.7 PDP-11 Data Processor

A.7.1 Operation - K.P. Pohl and J.G. West

Total hours to date 21 617

Time during the year 2 620

The major event during this period was the installation

of two magnetic tape transports. These are fully "industry

compatible1* units with a forward speed of k5 in sec" and re-

wind of 150 in sec"1. Both are operable at either 800 BPI or

1600 BPI, utilising NRZX and P.E. modes respectively.

A particularly pleasing feature is that no program

development was needed to use them. The present RT-11 operating

system includes a handler whioh operates in two modest one

requiring no programming whatsoever and giving a fixed format

record, the other allowing the format to be programmed as needed.

The former is already in use while the latter will be implemented

to deal with inter alia INIS tapes.
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It is interesting to compare the total cost of the two

transports and the plug-in controller at $11,500 to the equivalent

performance system bought from the computer supplier at some

$26,000.

There were two major faults in the PDP-11 system during

the year. One DECtape unit motor driver failed intermittently.

This was finally traced to a faulty power transistor which was

duly replaced. Wear on tape guides is also becoming excessive,

causing some reliability problems. New guides have been ordered.

The disc motor bearings failed in June and were replaced by

locally available bearings, with help from the workshop.

A rental Dl/AN teleprinter has been interfaced in place

of the second teletype. The printer has upper and lower case

facility and operates at 60 characters per second. An RS 232

interface has been built which allows the printer to connect

onto the teletype output ports. The Dl/AN printer also acts as

a back-up for the Inktronics printer, operating at approximately

half the speed of the Inktronics.

An incorrect memory slice adjustment was causing faulty

reading of the section of memory containing trap vectors-

Further problems occurred with the disc. Timing track errors

occurred on both sets of timing tracks. A timing track writer

was flown from Australia to re-write these timing tracks. On

a separate occasion faulty disc operation was found to be caused

by the disc motor running at approximately three quarters

synchronous speed. The motor came up to synchronous speed

after being stopped and re-started. No explanation for this

mode of operation could be found.

Maintenance of the Inktronics printer required the

replacement of an integrated circuit, now obsolete. However,

a replacement was eventually located. Some ink nozzles are now

damaged and these have been relocated to the right hand edge.

As yet no reply to a query on servicing these nozzles has been

received from the manufacturer. Further maintenance required

the replacement of a line-feed roller, which disintegrated, and

the replacement of a broken line-feed spring.
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A. 7.2 Programming

(a) RT-11 F/B System, CAMAC - G. Wallace

A program, FGMON, has been written to operate in the

foreground (FG) of the RT-11 F/B system. This will act as a

monitor system for the FG and will permit the multiple loading

and execution of relocatable foreground programs within the FG,

without interfering with the use of the background. Such a

feature was necessary to realise the potential of the CAMAC data

acquisition system which can support a large number of interrupt-

driven devices simultaneously. FGMON allows a program servicing

a device to be loaded and executed without interfering with

previously loaded programs which service interrupts from other

devices. The monitor does not require modification of RT-11 and

is independent of CAMAC. A second teletype (interfaced to the

PDP-11 Unibus) is used as a FG console device.

A program, FGADC, has been written to handle a 8192-

channel ADC interfaced through CAMAC, and transfering data

under DMA mode. A program FGPIP allows the transfer of data

between peripheral devices on the Unibus.

(b) Spectrum Analysis - G. Wallace

The transformation of CASPER to run under RT-11 was

completed with the inclusion of plotting routines. At the same

time, the peak location procedure was changed to that of Blok

et al. (Nucl.Instr.Meth.128(1975).5^5) which appears to give

better detection of multiple peaks. A report (lNS-P-124) has

been prepared.

(c) FGMON, CAMAC - G. Wallace

The program FGMON which resides in the foreground of

RT-11 and changes it to a multi-user system was slightly

modified during the second half of the year to allow complete

independence of CAMAC. A separate program, INITCM, was written

to initialise the CAMAC system, and FGADC was modified for the

256-word buffers installed in the interface. The foreground

terminal driver in FGMON was changed to accommodate a high-

speed device, and permit listing on this device.



A. 8 International Nuclear Information System - D.C. Robinson

As indicated in the previous progress report (R-179)

programs for using INIS have been developed more or less to

their planned extent and INIS work has been largely routine.

(i) Input

No input has been sent to INIS HQ in Vienna during the

first half of 1976 because the machine readable abstracts became

mandatory in 1975, &&& no convenient method of producing them

was then available. However magnetic tape units had been ordered

for our PDP-11 and it looked as though these would provide the

quickest and most convenient way to make input. Therefore I

decided to wait until they were available. They arrived by the

end of June, and subsequently two references were sent to Vienna.

As indicated in previous progress reports, no input

was made for some time mainly because of the problem of providing

machine-readable abstracts. Xt was envisaged that magnetic tape

would be used for making input, although the inefficiency of

sending a reel of magnetic tape half-way round the world to

convey a few thousand bytes of information was obvious. However

the NIP project necessitated a computer program to translate

from Elliot paper tape code to ASCII and the experience gained

with this suggested that a program to translate from ASCII to

the special INIS paper tape code would be feasible. Accordingly

such a program was written for the PDP-11 and two trial references

sent to INIS on the resulting paper tape. INIS Headquarters

replied by telegram that the references were error free. This

development therefore promises to provide the most convenient

and most efficient method of supplying input to INIS in the future.

(ii) SDI

Searches have been proceeding routinely. Six profiles

have been searched for the Commission for the Environment since

January and these brought the total of outside profiles to 28.

Since January also abstracts have been Included on the noti-

fications.



Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

4
5
5
6

6

6

Nos

No s

Nos

Nos

Nos

Nos

13-24

1-12

13-24

1-12

13-16

17-24

46.

(iii) Cumulation of Data

A translation of the EBCDIC magnetic tape referred to

in INS-R-179 has been made. This has allowed the cumulation of

volume 4 to be completed. Volume 6 has also been completely

cumulated. Cumulations now available ares

Vol. 4 Nos 1-12 (Jan-Jun 1973)

(Jul-Dec 1973)

(Jan-Jun 1974)

(Jul-Dec 1974)

(Jan-Jun 1975)

(Jul-Aug 1975)

(Sep-Dec 1975)

Volume 6 is on three magnetic tapes because from September 1975

abstracts were included and these substantially increased the

record lengths.

Cumulation of Vol.7 1-8 and Vol.7 9-16 has been

completed at Vogel and a start made with cumulating Vol.7 17-24.

Unfortunately this may not fit on one tape. In addition copies

of most of the cumulations held at Vogel were made on our own

tapes. All cumulations,except Vol.4 1-12,are now held at INS

as well as at Vogel.

(iv) Retrospective Retrieval

No further work has been done on this.

A.9 Other Bibliographic Work Related to INIS

(i) NIP (Nuclear Input)

This bibliography, on nuclear power and using INIS

standards, formats and thesaurus, has been growing steadily. At

the end of last year there were 386 entries while by the end of

1976 there were 973 entries, although indexes covered up to

898 only. The following indexes are producedt Subject, Author,

Corporate Author, Report No. and Journal Title. KWIC indexes

have also been produced but have limited usefulness.

(ii) AGRIS

The AGRIS system, run by FAO, is closely modelled

on INIS and uses the same tape formats, etc. Late last year
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I wrote to Mrs G. Ward of the Ministry of Agriculture and

Fisheries, who is the AGRXS liaison officer and asked, if my

experience with INIS could be of any assistance to her. After

some discussion X suggested and she welcomed the idea that J

should run a few pilot searches on an AGRIS tape using my

program. Accordingly some searches were done on the cumu-

lated AGRIS 1975 file during May. The exercise took longer

than anticipated because the AGRIS data brought to light two

puzzling program faults. These would never have surfaced in

searches on INIS data so the exercise was an interesting one.

The faults were: (a) Absence of keywords in AGRIS citations

resulted in accidental bypassing of the complete search sequence

within the program. (b) The last line of AGRIS citations was

initially missed out because it came from the last field and

therefore ended with a GS (group separator) rather than an RS

(record separator). This had never arisen with INIS because

the last INIS field is not reproduced in the printed citation.

(iii) SIRIS

Early in the year Mr Szentirmay of the.Central Library,

DSIR, asked if I could assist in an SID pilot project to pre-

pare a bibliography of DSIR publications. When this was agreed

I wrote several programs to prepare the bibliography in the

format he desired and to prepare appropriate indexes. The

computer work for this project was completed on 30 June and

the experimental issue of the bibliography appeared one week

later.

(iv) Others

Considerable interest appears to be developing in the

INIS/AGRIS bibliographic format and the programs I had developed.

Apart from the above I have been approached on a more or less

consultative basis at varying levels of interest and commitment

over the following bibliographic projects.

(a) Bibliography of N.Z. Non-marine Invertebrates -

Entomology Division.

(b) Geological Bibliography - Geological Survey

(c) Magnetosphere " - SID

(d) Freshwater " - AMD
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A.10 Sewage Dispersion - G. Wallace

One of the difficulties with the model previously-

used (INS-R-I63) for the evaluation of sewage fields from

traoing results arose from the non-linear expression used to

describe the dispersion of a patch from a point source. This

is a consequence of Richardson's lav which relates the horizontal

coefficient of eddy diffusion to the four-thirds power of the

standard deviation of the patch. The difficulty is that

linear superposition of a spatial distribution of point sources

cannot be used to describe the behaviour of discharge from a

finite source. The problem was side-stepped by generalising

the model so that the expression describing patch behaviour

could be finite at injection time (non-zero standard deviation).

The initial distribution for a finite source must be calculated

from discharge conditions. The manner in which this distribution

changes is given by the parameters found by tracing a spot

injection which is a special case having zero standard

deviation at injection time.



hS.

B. Radiation Research

B.I General

Experimental research was greatly curtailed in this

period owing to the involvement of Dr Sutton and Dr Roberts

in work relating to nuclear power.

B.2 Radiation Sources

B.2.1 Electron Beam Irradiations

Nothing to report.

B.2.2 Cobalt Source

A Gammacell-220 self-shielded irradiator, loaded with

10,000 Ci of ®Cot has been ordered for delivery in 1977. This

will fulfil a long awaited need for an irradiator giving

higher dose rates to larger specimens than is possible with

the existing °Co source.

B.3 Radiation Chemistry of Aqueous Solutions

B.3.1 Electrochemistry of the Superoxide Radical

Ion (0~"), and the Radical HOl

Two papers on earlier work on this subject by Dr P.L.

Airey of Lucas Heights and Dr H.C. Sutton have been published

this year in the Journal of the Chemistry Society, Faraday

Transactions I.

B.3-2 Biochemical Reactions of Superoxide Radical Ion (oZ') -

H.C. Sutton and P.B. Roberts with Dr Christine W.

tfinterbourn of Pathology Dept, Christchurch Hospital.

(a) Reactions with Oxyhaemoglobin and Methaemoglobin

This work has been published in the Biochemical Journal,.

1976.

(b) Reaction with Glutathione

Certain types of haemolytic anaemias are due to the

stress of oxidation reactions in the red blood cell. Superoxide

has been suggested as a source of the stress. It was with this

in mind that an earlier investigation concerned the oxidation-

reduction reactions involved in the superoxide-haemoglobin
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interaction. The work showed that cells with normal levels of

superoxide dismutase (the enzyme which catalyses superoxide

removal) would not be subject to stress due to superoxide-

induced oxidation of haemoglobin. Discussions with Dr R. Carrell

and Dr C.W. Winterbourn of Chriatchurch Clinical School led to

the suggestion that superoxide might act harmfully by depressing

glutathiora levels in the cell. Glutathione is the major

reductant present in red blood cells and therefore any loss

would hinder the ability of the cell to cope with normal

oxidative reactions. At Christchurch, preliminary work with

superoxide generated by enzymatic methods suggested that it was

able to oxidise glutathione. Representing glutathione by R-S-H,

the reaction envisaged was:-

H + + R-S-H + 0~* —» H 20 2 + R-S-

Loss of the S-H (thiol) group eliminates the reducing power of

glutathione.

Glutathione solutions were irradiated at very low dose

rates in the aqueous sodium formate solution that had been

successful in d&tecting the superoxide-haemoglobin reaction.

Oxidation of the thiol group was monitored by the decrease in

absorbance at kXZ nm upon subsequent reaction with dithio-

dinitro-benzoic acid. The results can be summarised as follows,

for a solution of 30 nM RSH containing 1OO mM formate and 70 |ig/g

catalase ( to minimise oxidation by the HgO inevitably produced)

at pH 8.3- Irradiation generated kO (iM superoxide over

hours.

Unirradiated O.h5k ± 0.00^

Irradiated without superoxide dismutase 0.420 ± 0.012

Irradiated with superoxide dismutase 0.432 ± 0.006

The results show that irradiation caused the oxidation

of about 7>5$> of the glutathione. However, the very small (and

possibly zero) effect of superoxide dismutase in suppressing

the oxidation demonstrates that superoxide is not responsible

for significant oxidation. Decreasing the formate concentration

to 10 mM increased the oxidation observed about 2-J- fold but the

change was atill unaffected by superoxide dismutase. Part of
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the oxidation is, therefore, caused by a small percentage of

the OH radicals which are produced initially by irradiating

aqueous solutions, but which escape conversion to superoxide

in the reactions _
_ 2

OH" + HCOO" —* H20 + COO" — * C02 + 0~".

The source of the remaining oxidation is unknown, but a similar

problem was encountered with haemoglobin.

Similar results were obtained at pH 7-5 and it seems

clear that superoxide is not a major oxidant of glutathione.

In the light of our results,the work at Christchurch with

enzymically generated superoxide was re-examined; it was found

that at low rates of superoxide generation, superoxide-induced

oxidation of glutathione could not be detected, in agreement

with our data. However at high rates of superoxide generation

an effect capable of suppression by superoxide dismutase was

observed. The reason for this is, as yet, unknown.

B.3--3 Reaction of Superoxide Ion (02 ) with Hydrogen

Peroxide - H.C. Sutton and W.H. Melhuish

The reaction

0~" + H 20 2 —i OH" + 0 2 + OH" (l)

has been suggested frequently in biochemical literature to

account for effects such as the peroxidation of lipids in

situations where 02* and H_0 are produced together. The OH*

radical produced in (l) (and possibly also oxygen, if this

is produced in the singlet state) could cause the effects

reported, whilst Og* alone cannot. However the rate of the

bond-breaking reaction (l) would be expected to be very slow,

and its rate constant in aqueous solution has been reported at

the extremely low values of 3.7 M~ s~ and 530 M~ a" from

observations of the radiation-induced decomposition of

concentrated solutions of hydrogen peroxide, in which reaction

(l) is the rate determining step. There is considerable

uncertainty about both of these measurements, and information

obtained under conditions nearer those in the living cell would

be invaluable.
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If reaction (l) occurs, then it must compete effectively

with the dismutation of superoxide in the reactions

O~" + H+ ^ HO^ (pK = k.9)

and H + + 0~" + HOg —» HgOg + 0.,. (2)

Reaction (2) is known to be second order in Js>~oJ at concentrations

above about 5 fiM, and from its measured rate constant under these

conditions it may be shown that reaction (l) will exceed it in
/— T i/~ ~r 6 —1 —1

r a t e only when k^/H^O^^j/^fl-^y exceeds 10 M s a t pH 7» or

10 M ^ s " 1 at pH 9. It is unlikely that /H2°2-7 could exceed 1 mM

in any practical situation so that if k. is indeed as low as
-1-1k M s then the steady state concentration of superoxide would

—9 7

need to be maintained at less than h x 10 7 M at pH 7 or h x 10 ' M

at pH 9 in order for reaction (l) to compete effectively with (2).

It is possible to generate superoxide at these low concentrations

by irradiating appropriate solutions in a flow system, and then

to mix this superoxide with hydrogen peroxide solution containing

a reagent to detect OH* radicals formed in reaction (l), but

which does not react with superoxide. Such techniques might be

used to demonstrate the occurrence of reaction (l) and to measure

its rate by competition with (2) if fast enough, but there are

two major difficulties in this approach. Firstly, the product

would be formed at very low concentrations (possibly as low as

10 M) in the presence of a large excess of reagent, and would

require concentration from litres of solution. Dr Melhuish

reports on an analytical procedure for this purpose in section

B.4.2. Secondly, although superoxide can be produced at a known

rate by irradiation in such a system, its concentration in the

effluent stream at the point of mixing with reagent may be too

low for direct measurement, and its rate of decomposition is

uncertain at the low concentration likely to be required.

Reaction (2) may then be augmented by additional, first order

reactions. The following experiments were designed to explore

this situation.

A gravity feed system was constructed so that a

flowing solution received 120 rads whilst passing through a

cobalt-60 irradiator, and was mixed 8 seconds later with a reagent

(tetranitromethane) to measure /fiVj'• Approximately 0.8 |*M
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concentrations of superoxide are formed in this way from aerated

solutions of 1 mM sodium formate, but none was detected in the

effluent even when the irradiated solution was at pH 8.6. The

limit of detection is approximately 0.1 |iM. The system was

then altered so that a long spiral tube carried the flowing

solution through the irradiator, thus increasing the dose per

pass to 500 rads and producing 3-1 |iM sup roxide from irradiated

formate solutions. By adjusting the length of exit tubing, the

delay time before mixing with reagent was varied from 2 to k

seconds. Superoxide was observed in the effluent from formate

solutions irradiated at pH 9 at concentrations up to 0.6 fiM,

but these did not vary in a consistent manner with the delay

time before mixing. Superoxide was just detectable

(0.05 + 0.05 (iM) from formate solutions irradiated at pH 7»

whilst its concentration calculated assuming second order

decay at this pH is 0.28 |iM.

More data are required, particularly on aerated

solutions free of formate, if this method is to be applied to

its intended purpose. However it is clear that it will have

to be restricted to superoxide concentrations exceeding 0.1 |jM.

B.h Radiation Mechanisms in Plastics and Solids - W.H. Melhuish

B.Ji.l Thermoluminescence Studies

No work done in this period.

B.^.2 Fluorescence and Phosphorescence

(i) Instrumentation

It has been necessary, from time,to time to make precise

measurements of fluorescence spectra for the National Bureau of

Standards and the Commission Internationale de L'Eclairage (CIE).

Improvements to instrumentation are therefore continually being

made to improve the accuracy and speed by which these measurements

can be made.

The ratio recorder has been replaced by a Burr-Brown

analog divider (type h29U) which gives a higher accuracy over

a wider dynamic range (± 0.3$ over a 100-1 range) than the recorder.



The stepping motor drive units for driving the various

instruments in synchronism have been completed with the aid of

the Electronics Section. The new IC (Philips SAA1027) for

driving four-phase stepping motors has proved very satisfactory.

A digital divider has been included which allows two motors to

be driven at a fixed ratio to one another.

The photomultiplier gating system for measuring

phosphorescence (see report No.24, p.52) has been simplified.

By gating both the first and seventh dynodes of the EMI 9698

photomultiplier with -200 volt pulses, the gain is reduced so

effectively (10 x) that an electrometer may be used in place

of the phase-sensitive detector used previously.

(ii) Trace analysis of salicylate in benzoate; a means

of detecting OH radicals

This work was undertaken to check the feasibility of
-9 -3

detecting about 10 moles of salicylate in the presence of 10

10 moles of benzoate in 5 litre of water (see section B.3>3)«

The first step is to trap acids by passing the neutral or

slightly alkaline solution down a column (3x70 mm) of the

acetate form of Dowex 1-X8 anion exchange resin. We found that

a solution of 10$ acetic acid in methanol when passed through

the column eluted only the benzoate. The salicylate was then

collected by eluting with 5 N HC1 in methanol. The salicylate

was then extracted into methylene dichloride, back-extracted

into 0.1 N NaOH and the concentration measured with the

fluorescence spectrometer. The overall efficiency was 75 - 5%
—8 — 1

for a test solution containing 10~ moles of salicylate and 10~J

moles of benzoate in 5 litres. Further tests with stronger

solutions showed that the 25$ loss occurred in the two single-

extraction steps and was quite constant. Multiple extraction

could have been used to improve the efficiency but experiments

showed that this increased the blank. AR benzoic acid was found

to contain 40-60 ppm of salicylate and had to be purified by

adsorbing the salicylate on a column of the 1-X8 ion exchange

resin using 10$ acetic acid in methanol as solvent. Three

purifications in this way gave benzoic acid with about 1 ppm

salicylate which seemed to be the lowest that could be achieved.
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A blank run using the purified benzoic acid (10 moles) gave,

as expected, 10 moles (± 20$) of salicylate.

(iii) Phosphorescence of aromatic hydrocarbons on

filter paper

Previous work by a number of laboratories have failed

to detect phosphorescence from aromatic hydrocarbons on filter

paper even though air was removed by a stream of nitrogen.

Because of possible analytical applications, e.g. in measurements

of air pollution, we investigated some aromatic hydrocarbons

adsorbed on filter paper from dilute solutions and found that

strong phosphorescence could be observed at room temperature,

provided the paper was pumped to below 10 torr before

measurement. Rather broad emission bands were observed which

narrowed only slightly on cooling to 77 K, i.e., very similar

to the same hydrocarbons when dissolved in a plastic. The

lifetime of phosphorescence at room temperature was several

seconds, also similar to the plastic solutions. In air, the

phosphorescence intensity decreased rapidly to 5°% after several

minutes, then more slowly, becoming barely detectable after 12

hours. The addition of KI to the hydrocarbon solution before

adsorption on filter paper gave up to twice the phosphorescence

intensity and slowed oxygen diffusion to the phosphorescent

sites by a factor of about five. In a test of the analytical

usefulness of analysis on filter paper, trace amounts of

phenanthrene were adsorbed on paper washed with NaOH and HC1

(to reduce the blank reading) and measured with the phosphorescence

spectrometer at room temperature. Measurements could be made
— 9 —7

over the range 3 x 10 g phenanthrene to 6 x 10 g with a blank
_q

corresponding to 3 x 10 g.

(iv) CIE Standard luminescent samples

The Commission International de L'Eclairage, (subcommittee

on luminescence) has circulated a further set of four solid

fluorescent samples to its members to obtain an interlaboratory

comparison of results. Both excitation and emission spectra

were measured for each sample and the results, corrected using

the wavelength-sensitivity curve, as described in (vi). In

addition corrections were made for polarization of luminescence
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which gives rise to anisotropic distribution of luminescence.

This involves measuring the degree of polarisation of the

excitation source and the degree of polarisation of the sample

as a function of emission wavelength. Polarisation errors in

the excitation spectrum were corrected by placing a plane

polariser with the electric vector at 5^.8 from the perpendicular

in front of the emission raonochromator and using 0°/k5° geometry.

(v) IUPAC (Vh) - Luminescence document

In November 1975 Dr Melhuish was asked to join Commission

V4 (Spectrochemical and other Optical Procedures for Analysis)

of the International Union of Pure and Applied Chemistry as a

titular member. This Commission has begun the preparation of

a document on "Symbols, Units, and Nomenclature in Luminescence

Spectroscopy". On the resignation of the Secretary of the

Commission at the end of 1976, Dr Melhuish was asked to take

responsibility for the document and make any suggestions on

improving the contents and presentation so that the document

could be discussed at the IUPAC Warsaw meeting in August 1977.

(vi) Corrected fluorescence spectrum of quinine for NBS

At the request of the Analytical Chemistry Division

of the National Bureau of Standards, in Washington D.C., the

fluorescence spectrum of a 1 ppm solution of quinine in 0.1 M

HCIOK was determined in this laboratory over the range 380-620 run.

This is part of a continuing programme which hopes to determine

the true fluorescence spectrum of quinine which can be used as an

emission standard by analytical and spectroscopic laboratories.

The procedures used to determine emission and excitation

spectra of standards are quite time consuming and are outlined

below:

(1) Reflecting mirrors in the optical system are washed with

NaOH in a water/ethanol solution, thoroughly rinsed, dried,

rubbed with dry precipitated CaCO» and mounted in the bell jar

ready for aluminising in a vacuum of 10 J torr.

(2) The quantum counter is dismantled and the cell filled with

a fresh solution of rhodamine B in ethylene glycol (5.5 g/l).
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(3) Optical components including the freshly aluminised mirror

are mounted and aligned, and the wavelength readings on the

monochromator are checked with neon and mercury discharge lamps.

(k) The wavelength sensitivity of the focussing mirror, emission

monochromator and photomultiplier is known from previous

measurements using the quantum counter. However to check for

any change in sensitivity a tungsten "secondary standard" (whose

emission spectrum has been previously determined) is placed in

position and readings made over the wavelength range 3*4-0-750 nm.

Corrections to the sensitivity curve are made and a table is

drawn up which allows one to read off the sensitivity of the

instrument in 1 nm steps.

(5) For solid samples emitting polarised fluorescence, the

relative sensitivity of the mirror, emission monochromator and

photomultiplier for light polarised in the vertical and

horizontal directions has to be determined.

(6) Measurement of the emission (or excitation) spectrum of the

standard is made at 5 no intervals; three sets of readings being

averaged. The blank is then measured and subtracted from the

sample readings. Corrections for instrumental sensitivity and

polarisation and the normalisation of the results is made with

a programmable calculator.

Since we have been unable to purchase an emission mono-

chromator for the fluorescence spectrometer, emission spectra

have to be measured by moving the small excitation monochromator

into the emission position. In doing so, the system has to be

optically re-aligned, the wavelengths checked and the wavelength-

sensitivity curve determined again. Light scatter in the small

monochromator is unfortunately high, which is of little consequence

for excitation but seriously limits the accuracy to r/hich we can

measure emission standards.
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B.5 Radiation Biology

B.5.1 Development of Radiation Sensitisers for Tumour Therapy -

P.B. Roberts and L.A. O'Brien

Progress Report 26 detailed preliminary investigations

of five chemicals which might sensitise oxygen-deficient regions

in tumours to therapeutic irradiation. Such regions are thought

to be a cause of poor tumour control after radiotherapy. Work

in this period concentrated on the most interesting and unexpected

sensitiser, camphor. The test system was E.coli B/r harvested in

late log phase and suspended at 10 cells/ml in 66 mM phosphate

buffer at pH 7.

(a) Camphor

Four types of camphor have been used with similar results

in all cases, viz. D, L-camphor (synthetic grade), D,L-camphor

(microanalytical grade), D-camphor and L-camphor. Camphor at

1 mM concentration improved the viability of the bacteria in

the buffer over a period of a few hours. Above 1 mM the onset

of toxicity was rapid with 50$ of cells failing to survive after

3 hours at about 3 niM camphor.

Irradiations at about 1.2 krad/min of Co gamma rays

were carried out while suspensions were continuously bubbled

either with oxygen or nitrogen. The figure displays the overall

effect obtained with 1 mM camphor. Sensitisation occurs in

nitrogen but not in oxygen, which is an essential finding if

camphor is to have any clinical application, since to be useful

a sensitiser must sensitise oxygen-deficient regions more than

normal, well-oxygenated tissue. Sensitisation could be attributed

to the removal of the fairly substantial "shoulder" in the

initial portion of the survival curve (extrapolation number

n = h approximately) evident under our conditions. This is

discussed more fully later. Generally no effect on the slope o.f

the survival curve was observed but at irregular intervals (about

1 in 5 experiments), the slope was also increased, giving a net

survival curve in nitrogen plus camphor close to the curve in

oxygen alone (see broken line in the figure). Slopes intermediate

The extrapolation number, n, is the intercept on the ordinate of
the linear portion of the survival curve.
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Dose (brads)
125

Survival curves for E. coll B/r with (closed

symbols) or without (open symbols) 1 B H

d, 1-camphor; D» B, in N£; O, •, in Og. The

broken line.(experimental data not shown)

refers to the:curve obtained'irregularly-with.

camphor in N2 (see text).
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between that indicated by the broken line and the slope were

commonly found in nitrogen we e not observed. This, and the

fact that a similar effect was noted occasionally with all four

types of camphor available, suggest that a trace contaminant is

not responsible. Toxicity precluded the investigation of

concentrations higher than 1 mM and at lower concentrations no

effect on slope was encountered. The irregular nature of the

effect defeated investigations into its cause. When it was

found that similar irregular increases in slope occurred under

fully oxygenated conditions also, this aspect of the effect was

not pursued further as it would appear to possess little

clinical advantage at this time.

The table shows the range in camphor concentration over

which a decrease in n, the extrapolation number, was found and

also shows that the slope of the survival curve was unaffected

by camphor concentration, except as noted above.

Camphor (mM) n Slope(kilorad" )x!0

0 k.2 ± 0.6 6.9 ± 0.2

0.08 k.8 ± 0.7 7.1 ± 0.3

O.13 1.7 ± 0.5 6.8 ± 0.3

0.25 1.1 ± 0.1 6.8 ± 0.2

0.50 1.2 ± 0.2 6.9 ± 0.2
1.0 1.0 ± 0.1 7.3 ± 0.1

The results were the same regardless of the length of

time the camphor had been in contact with the cells before

irradiation. However the presence of camphor during the

irradiation appears to be required before removal of the shoulder

occurs. Camphor had no effect when thoroughly removed after 30

minutes contact with the cells prior to irradiation. No

sensitisation was observed if camphor was added to previously

irradiated cell suspension, or if cells irradiated in the

absence of camphor were plated out on media containing about

0.5 mM camphor. At the dose rate available, experiments in

which camphor was present after irradiation tested only the

ability of camphor to influence any very slow processes which

occured more than 20 minutes after irradiation had begun.
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The shoulder expresses the ability of an organism to

absorb sub-lethal damage and is usually attributed to repair

processes. It is not clear how camphor reduces this ability in

nitrogen and not in oxygen. However, our results suggest tuat

camphor be considered as a potential sensitiser for tumour

radiotherapy for the following reasons. Its effect is a

differential one, occurring only in the absence of oxygen. By

removing the initial shoulder in the survival curves, sensitisation

occurs in the low-dose region used in present radiotherapy regimes.

Only one other sensitiser (diamide) is presently known which

behaves similarly. Most other sensitisers act by affecting the

slope of the linear portion of the survival curve but not its

shoulder, so that a useful gain is to be expected only at higher

doses. Camphor also is known to decrease the rate of oxygen

consumption in cells which may give therapy an added bonus by

reducing the extent of oxygen-deficiency within the tumour.

Camphor is already used clinically as a mild cardiac and

respiratory stimulant. The potentially lethal dose of camphor

in man is generally regarded as about 5 g, although considerably

higher dosages have been tolerated with intensive medical care.

Assuming uniform distribution, 5 g to an average adult would

result in a tissue concentration of about 70 (ig/g. Sensitisation

was achieved in the present test system at solution concentrations

of 20 ng/g and above.

The next stage in the development of this sensitiser is

to test it in several mammalian systems and to undertake a study

of its pharmacology. Such a programme will require extensive

co-operation from other laboratories.

(b) Anilino-acridines

The three anilino-acridines initially supplied by the

Cancer Research Laboratory have now been tested as bacterial

sensitisers. Progress Report 26 reported on the high toxicity

of these compounds and the extremely low concentrations to which

experiments would be restricted. No sensitisation has been

detected at these concentrations (around 1 |iM) . However we have

monitored the optical absorption of the anilino-acridines in

bacterial suspensions during irradiation, and found that the

absorption is removed after doses less than those at which any
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sensitisation would be detectable. Therefore we do not know

whether these anilinb-acridines are incapable of acting' as

sensitisers or merely degraded radiolytically at the concentrations

available.

(c) Procarbazine (Natulan)

Procarbazine is a drug which is frequently a component

of chemotherapeutic "cocktails" in cancer therapy. It also

has the conjugated ring structure which is a feature of many

hypoxic (oxygen-deficient) cell sensitisers. Although its

sensitising ability is not expected to be large, Dr A. Gray of

Wellington Hospital suggested that even limited effectiveness

would prove valuable in a combined chemotherapy-radiotherapy

treatment.

Procarbazine was tested as a sensitiser in an oxygen-

free environment. The experiment was not definitive for an

unexpected reason that is worth reporting. At the 1-5 mM

concentrations used, the drug is very toxic in oxygen but far

less toxic in its absence. For example, after two hours exposure

to 5 mM Procarbazine, only 59& of cells survive in oxygen as

compared with 65$ in nitrogen (and 80$ in the absence of the

drug). This means that with our present experimental design

(Progress Report 25, P-59) samples taken at early times during

the irradiation under nitrogen, which are then held in oxygen

until the end of the irradiation, are exposed to more toxic

conditions than later samples. A distorted survival curve is

therefore obtained. Some rough corrections can be applied which

indicate that Procarbazine is not a very effective sensitiser

but which do not eliminate the possibility of limited sensitisation.

A more thorough evaluation will require either a change in

experimental design or await the new Co source which will cut

down the period of exposure to toxic conditions by an order of

magnitude.

B.5.2 Measurement of Biomass in Soil - P.B. Roberts,

H.C. Sutton with Dr J. Stout of DSIR Soil Bureau

Conventional methods of measuring biomass in soil

involve the use of an agent such as chloroform to kill and

lyse the cells in the biological material, followed by measurement
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of the amount of carbon dioxide produced from them by sub-

sequent enzyme action. At the suggestion of Dr J. Stout, the

possibili +y of using radiation as a cleaner and more convenient

substitute for chloroform is being explored. Fifty gram

samples of soil were irradiated with doses in the range 0.5 to

6 megarads. These were then assayed for residual bacteria by

colony counting and for subsequent evolution of carbon dioxide.

The results indicate that radiation kills and lyses most but

not all of the cells, but leaves sufficient enzyme activity to

degrade the dead cells to carbon dioxide. Carbon dioxide

evolution takes place over several days in a manner which

varies with increasing radiation dose, even though the rate and

quantity of evolution of carbon dioxide from soil cells

innoculated with glutamic acid was not affected by prior

irradiation. Some of this carbon dioxide was evolved during

the lengthy irradiation time required with the low-dose rates

available with the present cobalt source. More definitive

experiments will be possible at higher dose rates.

B.6 Applications in Industry

B.6.1 Treatment of Jade - H.C. Sutton with G.L. Allen of

Christchurch Industrial Development Division of DSIR

At the suggestion of Mr G.L. Allen, the feasibility of

filling cracks in jade with polymerised methyl methacrylate

(MMA) was investigated. It was found impossible to do this by

the technique used in making wood-plastic, as the volatile MMA

evaporated from small cracks in the jade before it was

polymerised by radiation. The use of a more viscous, partially

polymerised monomer was then explored, using radiation to

prepare this material. This may well be feasible, but partially

polymerised MMA prepared in this way is not stable, and it

appears more appropriate to use chemical methods of polymerisation

for this process.

B.6.2 Genetic Mutations in Kiwi-fruit - P.B. Roberts with

S. Dawes, Plant Diseases Division of DSIR

The cuttings of the Hayward and Tomuri varieties given

5-60 krads to the terminal buds in July 1975 have all been
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successfully grafted onto the root stock with few failures.

Growth Is good, though slower in the most highly irradiated.

A few flowers have been obtained and it is anticipated that

next year many flowers and some fruit will be obtained. In

the spring of this year further Hayward cuttings were irradiated

and, in view of the good growth obtained previously, the

irradiation range was increased to 12-2^0 krads. Once again

nearly all the grafts appear to have taken and next year's

growth is awaited with interest.

B.6.3 Service Irradiation

The Co source was used for 696 hours in this period

on the work reported above. Service irradiations for other

purposes were carried out as followst

Calibration of dosimeters for ICI Tasman
Vaccine Laboratories

Irradiation of specimens for other divisions
of DSIR

Irradiation of silica gel for Auckland
University

212

162

28

402

hours

it

11

it
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C. Isotope Geochemistry - Stable Isotopes

C.1 General

C.I.I Summary - J.R. Hulston

The highlight of this period has undoubtedly been the

three-day International Conference on Stable Isotopes held at

INS in early August. The Institute, and especially its Director

Dr Athol Rafter, a pioneer in sulphur isotope work, were honoured

by the presence of more than 60 participants - two thirds from

overseas. Fifty papers and much informal discussion were

crammed into the three days, but such was the quality that

rarely did interest lapse. In addition to the organisation

of this conference, INS staff members are also involved in the

organisation of the 4th Biennial Conference of the Australian

and New Zealand Society for Mass Sepctrometry to be held in

Wellington in January 1977-

Stable isotope studies on ore deposits have continued

with studies of the Moonmera porphyry copper deposit, Queensland,

the Mt Molloy massive sulphide deposits in North Queensland, the

Emperor Gold Mine, Fiji, and sulphide deposits of the New

Zealand geosyncline, and several other smaller projects. Studies

of oxygen isotopes in minerals have however been seriously

limited by the lack of a technician for this project, as a

result of a cutback in DSIR staff. Geothermal studies have

continued with sampling trips to Wairkei and Broadlands, where

the first C-14 collection from drill wells for almost 15 years

were made. Although no significant C-14 was found at Broadlands,

due to the high dilution of ground-water COp with old geothermal

C0 2 at depth, some C-l^ was detected in Wairakei drillholes

where this dilution has been reducing over the years. Our

laboratory continues to give assistance in the measure .ent of

geothermal samples in connection with Colombo Plan, United

Nations, and New Zealand-aided projects in Indonesia, Philippines,

India, Thailand and Fiji. The application of hydrogen and

oxygen isotopes to hydrology continues in the Waimea Plains and

Takaka Valley, Nelson and on the Canterbury Plains.

Potassium-argon dating projects continue to dominate

our geochronological work with studies on the chronology of
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metamorphism, plutonism, deformation and uplrft of the Rangitata'

Orogeny in New Zealand, the age of Tertiary-Cretaceous volcanism

in the Mt Summers, East Cape, Cambell Island, and Buller and

Westland volcanics. Three projects involving studies of

Antarctic rocks gave unexpected but similar age patterns of

/fOO-500 m.y., due to the powerful thermal overprint of meta-

morphism during the emplacement of the Granite Harbour and

other intrusives in the late Precambrian sediments. At present

considerable effort is going into the construction of "clean"

laboratories and instrumentation for rubidium-strontium dating

facilities.

C.I.2 International Conference on Stable Isotopes,

k-6 August 1976 - B.Vf. Robinson

Abstracts of papers to be presented at the conference

(65) were compiled as a booklet and circulated in July.

With a theme of "Stable Isotope Developments in the

Earth Sciences" the conference attracted over sixty scientists

to INS, two thirds travelling from overseas. The Institute

adequately accommodated the technical session and many of the

social functions. The participants created a convivial

atmosphere from the start. Fifty papers were crammed into

three days, but the excellent quality ensured interest was

maintained.

Befitting New Zealand, the first session was on

geothermal and volcanic studies in which papers were given

from the USA (Al Truesdell, Menlo Park, and Eric Olson, Riverside),

including Hawaii (Peter Kroopnick), Japan (Hitoshi Sakai,

Okayaraa, and Minoru Kusakabe, Tokyo), New Guinea (Dave Green,

Brisbane), New Zealand (Mike Stewart and Werner Giggenbach),

and on the Red Sea (Martin Schoell, Hanover). Deuterium and

oxygen isotopic compositions are being used to determine the

origin of thermal waters and the amount of water/rock inter-

action. Sulphur and carbon isotopes of volcanic and thermal

discharges can give evidence on temperatures at depth and the

origin of these elements.

The present state of reference standards was discussed

in a session chaired by Irving Friedman (USGS, Denver) and
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Roy Krouse (Calgary). Jim O'Neil (U.S.G.S., Menlo Park)

gallantly agreed to preside over isotope standards and will

become a "benevolent (we hope) dictator" in an attempt to

establish international and consistent isotope standards. Some

recommendations will be sent to the IAEA consultants meeting

at Vienna, in September.

One of the fullest sessions of the conference, that

on ore deposits, was held on the second day. Cyrus Field

(Oregon) used sulphur isotope evidence to suggest sea water

interaction in many of the Cordilleran hydrothermal deposits.

Papers followed on ore deposits in Australia by Terry Donnelly,

Canberra; Brian Gulson and John Smith, North Ryde; Hugh Herbert,

Arraidale; Dave Patterson, Hobart; and Hugo Dummett, Brisbane;

in New Zealand by Colin Paterson, Otago; and Indonesia by Mel

Jones (Adelaide). The isotope data mainly pointed to magmatic

origins. It is interesting to compare the papers with those

presented at the Dallas'Stable Isotopes in Ore Deposits'

Symposium, 1973» where, partly by circumstances of the deposits

discussed the proponents of meteoric water as ore fluids were

greatly satisfied.

In the session on experimental and theoretical studies,

Hans Friedrichson (Tubingen) spoke of the application of oxygen

isotope geothermometers to Alpine metamorphic rocks, and Peter

Blattner (N.Z.G.S.) on quartz-feldspar geothermometry. Brian

Robinson (INS) showed that sulphur isotope exchange rates are

dependent on temperature, solution pH and total sulphur content.

A paper on the theoretical calculation of isotope effects was

given by John Hulston (INS).

Hugh Taylor (Caltech) was on good form to enliven the

end of the second day with two papers in the Petrology session.

He showed that from deuterium and oxygen isotope studies of

granitic batholiths large scale interaction of meteoric waters

can be deduced. Bill Compston (ANU) talked on strontium

isotopes; Jim O'Neil and Allan Wilson (Brisbane) on oxygen

isotopes of Australian igneous and metamorphic rocks. The

session ended with Jochen Hoefs (GSttingen) suggesting that

primary carbon in the earth has a 5 C value between -18 and

PDB, not around -7% as found in geo thermal areas where the

carbon sources are probably mixed.
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The Conference Dinner and Royal Society of New

Zealand Cocktail Party were well attended. The main speech

at the dinner was by Sam Epstein (Cal.Tech) who recounted

memorable times at Urey's laboratory in Chicago. Also, the

next day Sam Epstein presented a thorough study of deuterium

variations in nitrated cellulose from aquatic and land plants.

He considers these variations to be related to the environmental,

water compositions which are climatically controlled. Alex

Wilson (Waikato), using analyses of New Zealand pinus radiata,

produced temperature coefficients for carbon, oxygen and

deuterium in tree-ring cellulose and lignin. These papers

were lively debated, together with ones by Leona Libby (read

in absentia) and Paul Fraser (Melbourne).

The Oceanography session was started with a review

by Ian Kaplan (UCLA) on nitrogen isotopes in marine sediments.

Gianni Cortecci (Pisa) spoke on marine sediment adsorption

of sulphate and the isotope effects produced. The use of

carbon isotope ratios in marine investigations was covered by

Tom Whelan (Baton Rouge) and Francis Tan (Nova Scotia), and

isotopes in soil processed by John Stout (Wellington).

Pleistocene paleoclimatology was the subject of the

talks by Russell Harmon (Michigan), who has deduced past

climates from the isotopic composition of speleothems, and by

Werner Deuser (Woods Hole) who has worked on oxygen isotope

analyses of planktonic foraminifera skeletons.

Our last session on Hydrology and Atmospheric Studies

was still well attended. Toni Longinelli (Palermo) spoke on

the detection of S02 pollution in Venice and the effect on the

beautiful old buildings of this fated city. From Argonne,

Ben Holt showed how oxygen isotope analyses can be applied to

atmospheric sulphate formation. Graeme Lyon gave details of

isotope work in Antarctica, and the talks were concluded by

Roy Krouse who showed how isotope measurements can help in

hydrological studies.

The conference finished with a cocktail party sponsored

by Ian Devereux of ROCKLABS, manufacturers of rock crushing

equipment in New Zealand. The conference was a good size for
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interaction between participants and despite a hectic scientific

and social programme* everyone survived. Some left to go skiiing

or to the I.G.C. pre-conference field trip in the North Island,

and many were to attend the I.G.C. in Sydney.

C.I.3 Open Days (DSIR-5O), November 1976

The displays designed for the . en days in October

1975 were again used for the Campus Open Days held this year.

C.I.4 Mass Spectrometry Conference, 25-28 January 1977

J.R. Hulston

Arrangements are well in hand for this conference.

Over 100 registrations have been received so far. Local agents

have booked space for five major mass spectrometer manufacturers

and in many cases factory representatives from the United

States or the United Kingdom will be present.

C.I.5 Solid Source Mass Spectrometer Automation -

J.R. Hulston

As indicated in Report No.25 the IEEE (Std 488-1975)

Standard Digital Interface for Programmable Instrumentation bus

system was adopted for use between the PDP-9/L computer and the

mass spectrometers. Using the standard "talker" and "listener"

modules developed by Mr J. Plummer of INS Engineering Section

as a basis, specifications for the bus interfaces for the

digital voltmeter and keyboard—printer of the solid source mass

spectrometer have been drawn up, and the units constructed by

the Engineering Section of INS. Special attention was paid to

the design of the IEEE bus interface to the computer and it was

constructed in two modules - the IEEE bus interface which

contains "talker" and "listener" units, plus the associated

logic which is basically capable of working to any 16 or 18 bit

computer, and the PDP-9/L bus interface module constructed by

Mr J.E.R. Penman which contains the PDP-9/L specific logic,

constructed along the lines recommended by the computer

manufacturer. These latter units were completed in August.

As Dr Hulston was involved with the DSIR computer

network group during this period (see section G.3) the computer

software development and testing of the IEEE bus interface
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system has been the responsibility of Mr K.J. Aldous of PEL.

Currently, software for diagnosing IEEE bus faults is being

written and two minor problems in the hardware have been

diagnosed and corrected. It is hoped that testing of the

digital voltmeter interface can begin early in 1977-

C.2 Ore and Rock Genesis

C.2.1 Stable Isotope Studies on Ore Deposits - B.W. Robinson,

L.J. Prieditis and D.R. Pettis

C.2.1.1 Moonraera Porphyry Copper Deposit, Queensland

Mr Hugo Dummett from the Geology Department, University

of Queensland at Brisbane, visited the Institute in March and

again in July to work on sulphide and sericite samples from the

Moonmera area (for K-Ar dating, see section by C.J. Adams).

Chalcopyrite, pyrite, molybdenite and barite samples

from drill cores and surface outcrops were examined for their

iaotopic compositions across the mineralised zones of the

deposit. In addition, water was extracted from sericite

samples related to the mineralisation and host rocks. The

waters were analysed for their deuterium content. The results

of this study were compiled for a paper presented at the

International Stable Isotope Conference, and the abstract is

given below:

" The Moonmera porphyry deposit occurs kO km south-west

of Rockharapton in east central Queensland. The deposit

was emplaced at approximately 250 Ma close to the

contact between a Late Permian quartz diorite batholith

and a suite of Middle to Late Devonian acid and inter-

mediate volcanics. The deposit is partly overlain by

Early Jurassic lacustrine sediments.

The copper and molybdenum sulphide mineralisation

occupies an annular zone surrounding a small, shallowly

emplaced, intrusive complex of vertical, plug-like

masses of granodiorite porphyry, 'andesite' breccia

and 'quartz monzonite1 porphyry- The mineralised

annulus is 200 m wide and measures 1950 m (NW) by

1280 m (NE). The mode of mineralisation is
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predominantly as fracture-filling and replacements,

with a minor fraction as disseminations. Alteration

silicates and sulphides exhibit a concentric

zonation centred on the intrusive complex. The

major wall-rock alteration assemblage is the potassic

*yPe» i.e. K-felspar and biotite. This is surrounded

by a zone of weak to moderate propylitic alteration,

i.e. albite-chlorite ± epidote ± calcite. The youngest

intrusives, the quartz monzonite porphyries, are

pervasively sericitised.

Sulphides, sulphates and silicates from different

zones in the deposit have been analysed for sulphur,

oxygen and hydrogen isotope compositions. Mean sulphur

compositions and ranges, in permil, (CDT) are as

follows (number of samples analysed in brackets):-

chalcopyrite, -2.2, -4.0 to +2.0,(19); pyrite, -1.9,

-k.l to +2.6,(11); molybdenite, -0.1, -0.5 to +0.2, (k)',

bornite, -0.2,(l); anhydrite, +9-9, +9.2 to +11.6,(8).

Oxygen and hydrogen isotope mean compositions and ranges

in permil (SMOW) are as follows:- serite, 61®0, +8.4,

+8.0 to +8.8,(7); 6D. -58.2, -69.5 to -39.6,(10);

anhydrite, 518O, +6.k, +6.2 to 6.6,(7). Calculated 6 0

values for the ore fluid are approximately +8% (from

sericite) and + 4 (from anhydrite) with a 6D value of

about -50%.

Sulphur isotope compositions for anhydrite, pyrite

and chalcopyrite become enriched in -* S toward the top

and outer margins of the mineralised system. In

addition, sulphides associated with the youngest intru-

sives exhibit the lightest compositions. Oxygen isotope

compositions of the anhydrites become fractionally

lighter with increasing depth. Temperatures of formation

which have been calculated from sulphate-sulphide pairs

in the deeper parts of the deposit range from 530 ± 20°C

to 650 + 20°C, but exhibit no trend.

The geology and isotope data are compatible with the

mineral assemblages being formed due to fluids passing

from the deepest, hottest part of the deposit, outwards

through increasingly cooler wall-rocks. In this respect
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the data suggest an origin for the deposit which is pre-

dominantly magmatic hydrothermal, i.e. orthomagmatic."

C.Z.I.2 Sulphur Isotope Investigations: Mount Molloy, Dianne, and

O.K. Mines; Massive Sulphide Deposits, N. Queensland -

B.W. Robinson, L.J. Prieditis, D.R. Pettis

Mr Peter Gregory, Geology Department, James Cook University

of N.Queensland, is undertaking a Ph.D. thesis on the genesis of these

deposits. In January he came to the Institute to work on isotopic

analyses of sulphides from drill cores into the Dianne deposit and

hand specimens from the Mount Molloy and O.K. areas. During prior

correspondence we had decided to examine all the sulphides present

(pyrite, chalcopyrite, sphalerite and trace galena) and test the

isotopic variations through and along these conformable deposits.

Over 200 samples were analysed and the detailed sample descriptions

and isotopic values will be compiled for publication. The range of

6 SOTvn values obtained is shown in Table 1

Range of 63i+S

S a m p l e

Dianne
Massive sulphides
DMD2
DM3
DM5
DMD13
Foot wall veinins
DMD3
DMD2

-1.
-0.
+0.
-0.

Hanging: wall veiling
DMD3
DMD5
DMD11
DMD13
DMD15

+1.

-1.
Diaeenetic sulphides

Mt Mollov
Massive sulphides
SI rich
Massive Py
Cp rich
Mixed sulphides
Disseminated
Sulphides

O.K. Mine
Massive sulphides
Stockwork

+3.

+4.
+5-
+4.
+2.

+3.

+ 2.
+3.

• 5
.2
,2
,1

1

7

8

0
1
2
8

3

5
l

Pyrite

to
to
to
to

+1.
0.

+1.
to

+1.
+2.
to

to

to
to
to
to

to

to
to

+1.
+1.
+1.
+0.

1
0

7
+6.

0
6
- 2 ;

+11

+7.
+8.
+4.
+3.

+5-

+3.
+4.

1
1
1
2

2

5

.8

8
1
8
3

4

6
4

Sphalerite

-1.8 to +0
-0.9 to -0

-0.4
-0.1

+0.1

+2.0
+1.7 to +2,

+1.5
+3.2

+4.1 to +4.

+1.7

.2

.3

.1

9

below;,

values

Chalcopyrite Galena

-2
-1
+0

+4.

+4.
+2.

+3.

- 0 .

.4

.6

.4

0

0
l

8

to
to
to
-1.;

to

to
to

to

+2.7
6 to

+0
+0
+2
2

+4.

+4.
+3-

+4.

+4.

.4

.8

.1

6 +1.6

9 -0.1 to +1.
5 -0.4 to +1.

1

6
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The ranges of 6 S values for the sulphide minerals

show a narrow group around 0%> for the massive sulphide

mineralisation at the Dianne and O.K. deposits and a broader

range for the Mt Molloy deposit. The narrow spread of values

characterises sulphide deposits of basic volcanic association,

whereas the broader range of values is similar to those

exhibited by the Cyprus and Lokken (Norway) deposits of acid

volcanic association. The source of the sulphur is most

probably magmatic, although the presence of sea-water

sulphate from the enclosing sedimentary pile must be considered.

The Dianne and O.K. deposits could form from a solution with
ijl.

a 6 S V c value of around +2%>, which indicates little or no

contribution from sea-water sulphate. However, at Mt Molloy

the 6 Sj.g value was around +5 to +8#>, which suggests some

sea-water sulphate contribution.

For the four mineralisatdo n cores from the Dianne

there are no consistent changes in 6 S values with position

in the ore body. In all the deposits sphalerite and galena

exhibit a narrow range of values. Pyrite which is present in all

the mineralisation types has a broader spread of values.

The sulphides exhibit the general o S trend pyrite>

sphalerite> chalcopyriteygalena, which is that for equilibrium

conditions. However, temperatures calculated from the

fractionation between mineral pairs and available calibration

curves lie around 25O°C but spread up to 600°C. The latter

is an unreasonable temperature, both for probable conditions

of formation and conditions of regional metamorphism (greenschist

facies). The sulphides thus display a certain amount of

disequilibrium. This could be a facet of original deposition,

particularly with rapid rates of precipitation which were

likely to have occurred in the formation of vast thicknesses

of sulphides. The narrower spread of galena and sphalerite

values may reflect homogenxsation during the metamorphism.

Galena and sphalerite would re-crystallise and isotopically

homogenise preferentially to pyrite and chalcopyrite isotopic

ratios during metamorphism.
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C.2.1.3 Sulphide Deposits in the New Zealand Geosyncline -

B.W. Robinson, L.J. Prieditis

Mr Barry Roser, Geology Department, Victoria University

of Wellington, is conducting a Ph.D. study of manganese and

copper deposits in the New Zealand geosyncline. Sulphide

samples from the copper deposits sampled to date were analysed

for their sulphur isotopic composition and the results are

shown belowt-

Location Metamorphic

Pupuke,Northland
n ii

it n

ll n

it tl

It H

Kawau Island,
Auckland

II

Waingara,
Masterton

ti

Westland
ti

n
it

Moke Creek

it n

it it

it ti

Grade

Diagenesis
it

»

it

it

it

Prehnite-
Pumpellyite

n
ti

n
Greenschist

ti

"

II

Greenschist
(Chlorite IV)

ti

ti

n

Mineral

Pyrite
Chalcopyrite
Sphalerite

II

Pyrite
II

tt

n

Chalcopyrite
Pyrite

it

Chacopyrite
Pyrite
Pyrrhotite
Chalcopyrite
Sphalerite
Pyrrhotite
Chalcopyrite

it

Pyrrhotite
Chalcopyrit e

6 i
(%>}
+2.
+3.
+2.
+2.
+0.
+3.
+2.

+3.
+ 2.
+3-

+3-
+3.
+ 2.
+2.
+2.
+4.
+4.
+4.
+5-
+5.

i
•

9
0
2
3
1
3
l

5
0

4

l
4
7
6
3
7
7
7
2
6

The object of the study is to investigate the effects
of varying degrees of metamorphism on the sulphide isotopic
composition and fractionation between minerals. Further samples
are being acquired for analysis.

C.2.1.4 Isotope Studies of the Emperor Gold Mine, Fiji -

B.W. Robinson, M.K. Stewart

The Emperor Gold Mine is a typical deposit of epitherraal,

gold-silver-telluride mineralisation in volcanic rocks and is

in particular very similar to many of the deposits in the

Coromandel Peninsula. Mr Masood Ahmad, a Ph.D. student of the

Geology Department, University of Tasmania, Hobart, visited

the Institute in December to analyse mineral phases and fluid

inclusions from this deposit. Fluid inclusions in quartz from
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the Emperor Mine have been examined by Mr Ahmad, who found

temperature variations with depth in the vein (about 170 to

300°C), salinities of about 5 equivalent wt 'jh NaCl, and

evidence that boiling took place in the upper part of the vein

system.

The sulphur isotopic composition of both early and

late stage sulphides was measured and the results are given

below:-

Description 6 3 Scjyt(%>)

Early Sulphides

No.10 Level, Scepter Lode, galena -5.8

Early Pyrite -5-5

Wall rock pyrite from drill core -6.6

No. Ik Level, Crown Lode, Late Pyrite -13. if

No.13 Level, " " " " -14.2

No.12 Level, " " " " -12.1
II ii II II ii II ii — 1 5 • 3

32
The trend to S enrichment with time could be

accounted for by introducing sulphur from a different source

into this vein. This appears unlikely since the veins are

set in Tertiary volcanic rocks with plutonic rocks at depth,

and no major variations in the sulphur source could be

anticipated. It thus appears that this trend to more negative
3ko S values is due to late stage oxidation of the ore fluid

possibly by mixing with oxygenated ground waters. The

increase in oxidation potential would lead to the formation

of sulphate from reduced sulphur solute species in the ore

fluid, and given a system at,or approaching equilibrii-m, could
3kenrich S in the fluid making precipitated sulphides

depleted in S.

C.2.1.5 Emperor Gold Mine - M.K. Stewart

Deuterium measurements were made on surface and ground

waters seeping into several levels of the Emperor Gold Mine, as

well as on fluid inclusions in vein quartz. Present-day ground
•I Q

waters have mean values of 6D = -42J& and 6 0 = -6.2̂ > with

respect to SMOW. The 6D values of the fluid inclusions vary
in the range -10 to -77&, with a mean of ~kk%. There is no
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consistent variation with depth (mine level) or with the stage

(ore deposition history), indicating that the water in the ore

fluid had a predominantly meteoric origin during the entire

deposition history. This is consistent with the relatively

low fluid inclusion homogenisation temperatures (175-225 C)

measured and with the fact that present-day geothermal systems

contain water of predominantly meteoric origin.

C.2.1.6 Glenorchy Scheelite Deposits, S.Island - B.W. Robinson

At the Geology Department, University of Otago,

Mr Colin Peterson has almost completed a Ph.D study on the

mineralisation of this area (including oxygen isotope work on

quartz and scheelite). In December he was able to lead B.W.

Robinson and Dr R.W. Boyle (Geological Survey of Canada) around

Glenorchy and Moke Creek (massive sulphide lens in greenschist)

to collect samples.

Sulphide minerals are comparatively rare in the

Glenorchy veins and only pyrite was collected on this trip.

In addition, pyrite from minor concordant quartz veins and the

schists themselves were collected. Bulk samples of the quartz

were taken for fluid inclusion examination and possible fluid

extraction. The pyrite will be separated for sulphur isotope

analysis.

C.2,1.7 Isotopic Equilibrium Between Sulphur Solute Species

at High Temperature - B.V. Robinson, J.L. Prieditis

Preliminary experiments in the alkaline pH range set at

10.1 (at room temperature) were carried out by use of a large

gold cell (see Progress Reports nos.25 and 26). No significant

sulphur isotope fractionation was observed between the SO? and

HS~ in experiments at 200°C for 29 days, 300°C for 63 days,

and 25O°C for 90 days.

However, further experiments at 35O°C in sealed gold

capsules, with similar sulphide-sulphate and sulphide-NaCl

solutions, but set at pH 8.5 (a* room temperature) showed

isotope exchange, and the results are shown in Table A. A plot

of "1-fraction exchanged" against "time (days)" (see Fig.l)

allows ti of the exchange reaction to be derived as *510 davs.
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The addition of NaCl appeared to have no effect on the exchange,

However, solution pH strongly controls the reaction rate and

exchange probably involves both H-.S and the HSO. ion.

Table A - Results from the exchange experiments

at pH 8.5 and 350°C

Time(days) AS0 = - HS~^^ 1 ~ F
4 ~
#*#

A. Sulphide-sulphate solution
0 -5-8 1.0
53 -4.2 0.938
105 -2.5 O.873
179 -0.6 0.800
206 +0-5 0.758

384 +4.8 O.592

B. Sulphide-sulphate-NaCl solution***

0 -5.8 1.0
53 -4.2 0.938
105 -2.6 O.877
179 -0.5 O.796
204 +0.7 0.750
381 +5.1 O.58I
*
The error in the isotopic difference between the two
species is ± 0.2%

F is the fraction of isotopes exchanged and is calculated
assuming an equilibrium value at 35O°C of 20.2% (Sakai 1968)

*#* 1

A. Charges contained 1.5 ml 0.25 mol kg"' NagS + 1.0 ml
0.25 mol kg"1 Na2S0^ + 0.7 ml 0.21 mol kg"

1 HgSO.
B. Same solutions made up a 4 mol kg NaCl

Additional preliminary experiments were conducted with

a five-fold increase in the sulphur concentration,and a decrease

in ti to 142 days resulted. Some inter-relationship between

sulphur concentration and exchange rate thus exists. The

important controlling parameters of isotope exchanges temperature,

pH and Ss, can be seen to have influenced exchange in natural

systems.

In high temperature ore deposits (>400°C), such as the

porphyry copper environment, complete exchange is observed

between sulphate and sulphide minerals. Exchange between

sulphide minerals can however be seen to occur at temperatures

below about 100 C when the sulphur concentration is high (e.g.

some Misaiasirni Vallflv -fcVTie riennsi t.a\ . At. t.ho RrnaHianHo
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FIGURE 1

First order rate plot of (i-F) versus time

for the exchange reactions in the - A. sulphide-

sulphate, and B. sulphide-sulphate-NaCI solutions.

The vertical bars of the data points cover the

results from experiments A and B (which cannot be

distinguished within error), plus the error on the

analyses.

=510 days

100 200 300 400

Time (days)
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geothermal area, where sulphide minerals in the bore hole cores

appear to have formed in equilibrium with the geothermal fluids,

only at temperatures above 260 C did two galena-sphalerite

pairs show an agreement between the sulphur isotope and the

measured temperature. Evidently, at temperatures lower than

this, the near neutral pH of 6.0 (at 260°C) and low sulphur

concentration (4 x 10 mol kg ) inhibited isotopic exchange.

At Wairakei, the measured sulphur.isotopic fractionation

between H2S and sulphate in the discharge indicates equilibrium

temperatures between 350 and ^00 C as compared to the average

measured downhole temperature of about 260 C. It has been

suggested that the derived temperature may reflect a body of

hotter fluid at depth. Using the available experimental data

on exchange rates from this study together with those of

Robinson (1973) and Igumnov (1976), the ti of the isotope exchange

reaction is found to be in the order of a few days at 350 -

J*OO°C for the chemistry of the discharge (5 x 10"^ mol kg £S,

room temperature pH of 8). If indeed a body of hotter fluid

is present at depth then movement upwards and cooling to 260 C

would increase the ti of the exchange reaction to 10 days and

quenching would probably occur.

C.2.1.8 Sulphate Reduction Experiments - H.R. Krouse,

B.W. Robinson

Prior to the International'Stable Isotope Conference

Professor H.R. Krouse of the Physics Department, University of

Calgary, Alberta, worked at the Institute for almost two months.

One of the projects undertaken involved the measurement of the

sulphur isotope effect during the inorganic reduction of

sulphate.

The experiment was set up in a water bath at 50°C

connected to a reflux condenser and N» train which swept the

generated H_S into silver nitrate solution. Thode's "reduction

mixture" was used with additional HI, as indicated in the table.

The starting sulphate had a 518O value of +13-3& SMOW and a 63^S

valuo of +2.7& CDT, and was made up for series A experiments

from 2.U166 g Na2S0^ in 100 ml of water (6
18O + h.7% SMOW)

and 90 ml reduction mixture,and for series B experiments from

2.4751 g NaoS0, in 100 ml water (6
lS0 - 33.6J& SMOW) and 90 ml
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reduction mixture. The results of sampling both the product

(H-S)and the reactant are given in the following tables:-

Table 1: Series A. Sulphate Reduction:

Product: H^S

Time Wt A

(days)

,S from

"(mg)

0.049

0.083
0.170
0.451
0.958
1.226
2.056
2.826
4.014
5.076

Reactant:

Time

(days)

0.086
0.451
0.958
1.226
2.O56
3.337
5-087

Table 2:

so4
Vt BaSOjj

from Sof

(mfi)

354.4
357.7
981.0
332.1
635-3
759.6
760.6

Series B. St

(50 ml HI added)

8.7
15.1
49-8
77.8
1*9.7
84.5
53.1
62.9
73-0

(*)

+2.1, +2.0
+2.8
+ 2.9
+3.1
+4.0
+5.4
+8.6

Sulphate Reduction:

Product: HgS

4.858
5.764
6.003
6.931
8.035
8.816
9.826
10.785
11.674

wt

(50

(60

(100

Ag2S from
12S (mg)

ml HI added)
30
26
69.

.4

.2

.6
ml HI added)
104.
198,

.3

.2
ml HI added)
50k.
167-
401.
161.
338.
297-
223.
143.
27.

,4
.0
7
3
7
1
3
0
8

(*)

-18.
-18.
-18.
-18.
-17.
-17.
-16.
-15.
-14.

,18
0 0

<*)

+15.
+16.
+14.
+14.
+14.
+16.
+17-

3
5
6
4
8
7
7
4
0, -13

SMOW

6
7
9
2
4
5
2

<*)

-19.0
-19.4,
-19.0,

-18.2,
-16.8,

-13.8
- 9.8
- 7.9
- 5-3
- 1.8
+ 3-0
+ 8.8
+14.6
+17.9

-18.9

-17 .'8
-l6.2
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Table 2 continued

Reactant:

Time

(days)

0.806
1.743
2. 813
k. 806
6.941
8.826

10.795
11.674

Solution

Taken (ml)

10
10
1O
10
20
40
40

remainder

6 S
C D T

<*)
+ 2.8
+ 3.4
+ 3-9
+ 7.0
+15.5
+23.2
+33-5
+41.5

18
6 °SMOW
(*)
+15.O
+14.8
+13.1
+X3.7
+16.9
+17.9
+21.4
+22.3

In both Series A and B experiments the fractionation

increases with time as the reaction proceeds (A: from about

20% to 22%, and B: from about 22 to about 26%). The dependence

on the concentration of the reactant and the HI have yet to be
18

calculated. Also in both experiments the 6 0 values pass

through a minimum before they start to increase as equilibration

with the water takes place. This reflects some intermediary

step in the reduction process and should be investigated further.

Also the reduction experiment will be repeated using different

reducing agents (such as Kiba solution).

C.2.1.9 The Silver-mines Deposit, Ireland - B.W. Robinson

A paper on the work completed in this area has been

published! P.G. Coomer and B.V. Robinson: Sulphur and

sulphate-oxygen isotopes and the origin of the Silvermines

Deposits, Ireland. Mineralium Deposita JUL, 155-1969 (1976).

C.2.1.10 Shamrocke Copper Mine, Rhodesia - B.W. Robinson

The work completed in this area has now been published:

R.H. Thole and B.W. Robinson: Isotopic evidence on the origin •

of the Shamrocke Copper Mine, Rhodesia. Mineralium Deposita 11.

298-310 (1976).

C.2.1.11 Sulphur Isotope Standards

During the visit of Professor Krouse, several

isotope standards used in Canada were analysed. Professor Krouse
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hopes to compile these together with analyses from other

laboratories and then correct all results to the values

obtained by SFg analyses at McMaster University. The INS .

sulphur scale appeared slightly compressed, compared to the

McMaster results (about X.5% in 50J&) but the full results

of this compilation are not yet available.

C.2.2 Silicate and Carbonate Oxygen Isotope Laboratory-

Institute of Nuclear Sciences and Geological Survey

P. Blattner

C.2.2.1 Introduction.

In the reporting period progress on our own projects

was practically stopped, through the non-appointment by

Geological Survey in May 1976, of a technical officer. The

low ratio of technicians to scientists in fields with a high

routine work content (2:1* in stable isotopes at INS) is not

conducive to efficient interdisciplinary work that is urgently

required, for example, in the area of geothermal exploration.

In spite of these setbacks, work progressed as follows:

C.2.2.2 Standards

The first extensive international comparison of a

pair of carbonate standards was carried out and a full report

was given to the Lower Hutt Stable Isotope Conference in

August (Blattner and Hulston).

C.2.2.3 Calibrat ions

Problems of calibration of oxygen isotope "geother-

mometers" are far from solved on an international plane, and

a review of mineral-pair geothermometry was given to the

sane conference in August (Blattner and Bird). A review

paper was also given at the N.Z. Geol.Society Conference at

Hamilton (December).

C.2.2.k Service work

Substantial service work was performed with the help

of Mr C D . Clowes, then already with Palynology Section of
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Geological Survey. - (a) NW Nelson ophiolites: In view of
1 8

overseas work that tied high— 0 ophiolites to submarine

geothermal activity, nine rock samples were analysed for Dr G.W.

Grindley (Geol.Survey). -(t>) Mr H. Dummett of Brisbane

requested work amounting to 20 determinations from the Director,

INS. The University of Queensland, who have the necessary

facilities, were not able to provide the service. - (c) A

dozen preliminary quartz samples from 3oils were analysed for

Massey University, Soil Science Department. - (d) Much time was

spent in trying to "save" a proposed paper by P.J. Cook, A.N.U.,

on Holocene oyster shells, but variations between individual

shells are too large to warrant extensive interpretation of

the variations with radiocarbon age.

C.2.2.5 Visitors

(a) Mr M. Jones, Department of Economic Geology,

University of Adelaide was fully instructed and worked in the

laboratory for several weeks. The following is a joint report:

"Fifty-eight rocks and minerals from the area of lode tin

mineralisation on Belitung, Indonesia, have been analysed for
18
0. Fissure and Nam Salu veins have isotopic compositions

similar to that of the country rock, whereas bedding-plane
•a Q

lodes are 0-enriched. A preliminary explanation would be

for the latter to have been deposited from metamorphic fluids

driven by increasing heat from the underlying terrane. Country-
18rock cherts and shales of the area have unusually low 6 0

values and present a problem which requires further investigation.

Additional samples from t&e Malay peninsula have been analysed
18

for comparison, and show normally high 6 0 of cherts,

indicating a strong metamorphic effect to be present on

Belitung". - (b) Mr M. Ahmad of the Department of Geology of

the University of Tasmania, Hobart, was equally instructed

and spent six weeks in November and December analysing rocks

and minerals from the Emperor Mine, Fiji. Fluid inclusion work

gives good temperature control and contrary to earlier ideas

the mineral deposition seems to be of a residua' jmatic

character.
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C.2.2.6 Local Projects

These were progressing very slowly, but it was

established that the Antarctic Ferrar Dolerites have a normal
18

to only slightly subnormal range of 6 0 values. Surface

water would not therefore have played a large part in their

genesis and intrusion. Reports were written from a Tertiary

coal and on Silica Springs (Mt Ruapehu).

C.2.2.7 Improvement of Techniques

(a) Breakdown of a Toepler pump prompted us to attempt

the conversion of oxygen to carbon dioxide without pumping.

This was successful and both Toepler pumps of the original

Clayton system are now redundant. Conversion time has been

reduced from about 20 rain/sample to 5 min/sample. - (b)

Initial tests were made for the extraction of hydrogen from

rocks and minerals and were most encouraging.

C.2.2.8 Need for Technical Assistance

The fact is again emphasised that in the case of the

bromine pentafluoride line for oxygen extraction from

silicates, technical assistance is not a "luxury" in any way.

It is necessary simply because the analyses require one person's

full working time, and are physically and mentally demanding.

In order to achieve successful experimental conditions,

analyses must be done in groups of more than about 30 at a

time. Thus, technical assistance is indispensable to ensure

a regular data output, but it will not, on the whole, make

life for the scientist involved more "comfortable".

C.2.3 Isotopic Studies of Sulphates

C.2.3-1 Oxygen Isotopic Fractionation Between Barium

Sulphate and Water at High Temperatures - B.W. Robinson

Work on this project has been described in Progress

Reports 22, 2k and 25- The results have been incorporated in

a paper with Minoru Kusakabe, now at the Tokyo Institute of

Technology. This paper has been reviewed and accepted for

publication by Geochimica et Cosmochimica Acta with the
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following abstract:-

" Oxygen isotope exchange between BaSO^ and H_0

from 110 to 35O°C was studied using 1 m H2S0. -

1 m NaCl and 1 m NaCl solutions to re-crystallise

the barite. The slow exchange rate (ti = 8.6 years

at 110°C and 6.3 days at 35O°C in 1 m NaCl solution)

prompted the use of the partial equilibrium technique.

However, runs at 300 and 35O°C were checked by complete

exchange experiments. The temperature calibration

curve for the isotope exchange is calculated giving

most weight to the high temperature runs where the

partial equilibrium technique can be tested. Oxygen

isotope fractionation factors (a) in 1 m NaCl solution

(110 to 35O°C) assuming a value of 1.0407 for

X ° 3 l n ^BaSO^ - 1 o NaCl = 2.6MlO6/T
2) - 5-3 ± 0.3.

These data when corrected for ion hydration effects

in solution TRUESDELL (1974) give the fractionation

factor in pure water:

1 0 3 l n aBaS04-H20 = 3.O1(1O6/T2) -7-3 ± 0.1.

In the 1 m H^SO.-1 m NaCl runs sulfur isotope

fractionation between HS07 and BaSO^ is less than the

detection limit of O.4J&. A barite-sulfide geothermometer

is obtained by combining HS07-H_S and sulfide-H-S

calibration data.

Barite in the Derbyshire orefield, U.K., appears to

have precipitated in isotopic equilibrium with water

and sulfur in the ore fluid at temperatures less than 150°C.

At the Tux Mine, New Zealand, the barite-water geo-

thermometer indicates temperatures of late stage

mineralisation in the range 100-200°C. A temperature

of 35O ± 20°C is obtained from the barite-pyrite

geothermometer at the Tauricocha copper deposit, Peru, and

oxygen isotope analyses of the barite are consistent with

a magmatic origin for the ore fluids."
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C.2.3-2 BaSO^-HgO Oxygen Isotope Reaction Rates and

Mechanisms - M. Kusakabe, B.V. Robinson

Dr Minoru Kusakabe of the Tokyo Institute of Technology

worked at the Institute for one month after the International

Stable Isotope Conference. Short-term experiments were

conducted on BaSO^-HgO exchange, using the hydrothermal bomb

equipment at INS. The experiments were designed to test the

actual mechanism of the initial oxygen isotopic exchange. All

samples have now been prepared for analyses and will be

analysed early in 1977-

C.Z.h Calculation of Isotopic Fractionation in Minerals

J.R. Hulston

A paper entitled "Methods of Calculating Isotopic

Fractionation in Minerals"was prepared for the Stable Isotope

Conference in August. The abstract is as follows:-

"Similarities and differences between the calculation

of isotopic equilibria in crystals and gases are

discussed. A diatomic linear chain model is used to

illustrate the theory of lattice dynamics and the use of

dispersion curves. The assumptions inherent in this

model, as well as in the Debye-Einstein model used in

some earlier isotope calculations, are discussed.

The direct summation technique for the calculation of

partition function ratios is shown to require much less

computation for the same accuracy than the root sampling

technique. The biggest problem in these calculations is

determining a unique force constant model for the

particular mineral crystal over the temperature range of

interest. This problem is similar to one which exists

for many polyatomic gases.

C.3 Geothermal Studies

C.3.1 Geothermal Gas Studies - G.L. Lyon, M.A. Cox,J.R. Hulston

Two field sampling trips were made during this period,

one primarily to Wairakei (February) and one to Broadlands (Sept.)
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A major purpose of each trip was to collect carbon dioxide for

carbon-14 analyses (see section D.2). These same samples are

also ideal for stable isotope analyses of the gases methane,

hydrogen and carbon dioxide.

Generally JC/ C and D/H ratios of these samples

were found to be similar to earlier collections. In the

Wairakei field there appears to be a trend between C/ C

and C/ C ratios with the lowest C concentration
14

corresponding to greatest C concentration. However, only
14five Wairakei wells were sampled and all C levels are low,

some below the detection limits. Each well was sampled in
13

duplicate and it was found that the 6 C and 6D of the methane

are the most reproducible analyses, and the most consistent
1 o

throughout the field, with 6 C of the carbon dioxide more

variable. The D/H ratios measured on hydrogen gas,although

having considerable promise for useful geothermometry, appear

less reliable than had been hoped for.

Various overseas aid projects were also assisted.

Dr W. Giggenbach of Chemistry Division sampled hot spring

gases from India and Thailand. Methane from Manikaran, India,

had 6 C,,̂ ^ values about -33%>» suggesting that temperatures at

depth are less than 200 C. The Thailand samples were from

boiling springs in a non—volcanic area and had rather unusual
•f O -I O 1 O

C/ C ratios. The carbon dioxide 6 C was about -15?» and

the methane 6 C = -60jfe, indicating probable low (less than

150 C) temperatures. In contrast to these results, several

samples collected in the Philippines by Dr R.B. Glover of

Chemistry Division, Taupo, showed temperatures of 260-390 C
13from 6 C measurements. Such temperatures may be promising

for energy development.

Considerable progress has also been made in the

evaluation and documentation of earlier field and laboratory

studies of geothermal gas isotope fractionations.
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C.3.2 Sulphate and HpS Sampling, Broadlands - B.W. Robinson

Dr G.Lyon collected HgS and SOj^ samples from bores 22

and 27 in February. The HgS samples gave the following results:

Bore 27 P^S +4.4$ CDT
11 22 " +5.2jt "

Upon standing, discharge samples collected for sulphate

analyses produced copious amounts of silica gel,and good

separation from BaSO^ precipitated in the normal way could only be

obtained by HF treatment. A 6 S value of +9-7J& was obtained

for bore 27 sulphate but reproducible results could not be

obtained from the other sample.

In September, a field trip to Broadlands was organised

and further HgS and sulphate samples from bores 22, 27, 28, 23,

8, 25, 28 repeated, 18, 22 repeated, 17 and 11 were collected.

Sulphur Isotope analyses of the H_S gave the following results:

Bore 6 3 " W

22 +4.5
27 +4.8
28 (22/9/76) +6.6
23 (21/9/76) +5-7
8 +5.6
25 +5-4
28 (5/10/76) +5.2
18 +5.0
22 (5/10/76) +5.3
17 +5-1 +5-9

Sulphate samples will be processed by diluting the

waters (to reduce the Si concentration) and extracting the SO7

in an ion exchange column.

C.3.3 Hydrogen and Oxygen Isotope Studies of

Geothermal Waters

The stable isotopes of water have proven very useful

in conjunction with chemical data for estimating the likely

character of geothermal systems from their often minor

surface manifestations. If drilling is carried out after

initial surveys, the isotopes in the deep water also help in



89.

gaining understanding of the geothermal system. During this

period, several hundred analyses have been made on samples

from New Zealand and overseas geothermal areas.

C.3.3.I New Zealand Geothermal Areas - M.K. Stewart, M.A. Cox

Continuing studies are being carried out on the

Wairakei (INS Report No.26), Broadlands (.Report No.25),

Ketetahi (Report No. 25), Orakei Korako and White Island areas.

The geothermal systems are of widely varying types and vary

between a typical hot water system (Wairakei), a likely

vapour-dominated system (Ketetahi) and a hybrid volcanic-

geothermal system (White Island). The isotopes are important

in two ways - (a) to indicate the origin of the water and

sources of re-charge if re-charge is occurring, and (b) to

indicate processes affecting the geothermal fluid underground,

in conjunction with chemical measurements.

Results for Wairakei were presented at the Inter-

national Stable Isotope Conference, held at the Institute of

Nuclear Sciences in August 1976. The abstract of that paper

is given below:-

"The isotopic compositions of deep and surface waters

from the Wairakei geothermal area lave been determined

during 1963, 1971 and 197*1. The total discharges from

most of the drillholes are derived from a uniform hot

chloride water at depth by loss or gain of steam. This
1 P,

deep water has a composition of 6D = -kk%, 6 0 = —5- 7%.

Cl = 1480 ppm, and T= Z60°C, said, has shown no significant

change between 19^3 and 1974 despite heavy extraction of

geothermal fluid for power production in that time. The

6D value indicates that the deep wat *r originated from

downward percolation of rainwater in the vicinity,
1 8

probably from west of the field. The 6 0 value shows
a shift of +1.1/O compared with meteoric water in the

vicinity because of rock-water interaction. This oxygen-18

shift, combined with isotopic data on the aquifer rocks

indicates a total water-rock ratio of 2:1 in the

production aquifer. T*ie age or period underground of the

deep geothermal water is thought to be less than 12,000
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years because there is no isotopic evidence of glacial

age water in the system."

Sampling was carried out at Broadlands during September

and October 1976, when a number of wells were opened for

chemical and physical testing, after the decision was made to

go ahead with a power station at Broadlands. Samples were
1 ft 1 *\ 1 }l

collected for both stable isotope (D, 0, JC, J S) and
p (,

radioactive isotope (T, C, RU, Rb, Sr) studies.

Dr J.R. Hulston and M.A. Cox analysed samples

collected from a large number of warm springs throughout both

the North and South Islands for D/H and 0/ 0, in conjunction
13 12

with C/ C measurements of the bicarbonate in the water.

Chemical parameters were also measured. The South Island

results are being prepared for publication.

C.3.3.2 Overseas Geothermal Areas - M.K. Stewart, M.A. Cox

There has been continued demand for isotopic

analyses of geothermal samples collected by New Zealand

personnel overseas in conjunction with Colombo Plan and U.N.-

sponsored projects. Some highlights of the isotopic results

are:-

(i) Indonesia - (W.A.J. Mahon, Chemistry Division, Wairakei)

After surveys of several active areas (including

isotopic measurements) Kawah Kamojang on Java was selected

for drilling. The area has hot springs with high sulphate
1 ft

and low chloride contents, and isotopic values (&D%, 8 0%)

ranging from the mean local meteoric water (-52, -7-5) to the

most isotopically enriched spring (-10, +k.o), indicating that

the springs are steam heated and evaporated. This suggests a

vapour dominated system at depth. Drilling located hot water

at temperatures of up to 239 C, and several wells discharged

steam and water, then wet steam, then finally dry steam. The
1 ft

steam had an isotopic composition of 6D = -50%t h 0 = -8J&,

and could be derived from hot chloride water at greater depth
"I ft

with an isotopic composition of 6D = -52%, 6 0 = -6%. The

hypothesised hot chloride water can be derived from local

meteoric water and has a small oxygen-18 shift
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(ii) Philippines (R.B. Glover, Chemistry Div., Wairakei)

Several hot spring areas on the islands of Leyte and

Negros have been surveyed geochemically and isotopically. At

Tongonan on Leyte, some hot springs had high chloride contents

and a pronounced oxygen-18 shift, and chemical indications of

temperatures around 220°C at depth. Drilling located high

chloride water ( >3000 ppm Cl) at 220°C showing an oxygen-18

shift of +k%. The discharges show considerable affinity to

Broadlands where an oxygen-18 shift of about +2%> is observed.

Other promising areas on Negros have oxygen—18 shifts of up

to +3%. Very high temperature geothermal fluid has since been

found at depth at Tongonan (up to 33O°C).

(iii) India (W.F. Giggenbach, Chemistry Div. Lower Hutt)

Boiling hot springs from Manikaran and Kasol in the

North-Western Himalayan Geothermal Province showed no oxygen-18

shifts but had chemical indications of temperatures of 200°C

at depth. The isotopic-chloride-enthalpy relationships

indicated a deep water with 6D = -62%, 618O = -9.5%, (Cl~) =

115 Ppm and T = 200°C. The 6D values indicated water re-charge

from surrounding country at an average height of 300 m above

the altitude of the springs (1650 m).

(iv) Thailand (W.F. Giggenbach)

Boiling hot springs at Pang and Mae Lao in Northern

Thailand discharge dilute bicarbonate waters with no oxygen-18

shifts. The waters have chemical temperatures of about 18O°C

and the isotopes indicate re-charge from higher altitudes.

C.3.3.3 Fiji Geothermal Area - J.R. Hulston, M.A. Cox

A number of samples from Vanua Levu, Fiji, showed no
18 1 f%

change between surface and hot spring water D/H and 0/ 0

ratios and thus no oxygen-18 shift.
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C.k Studies of the Hydrological Cycle

C.4.1 Deuterium/Hydrogen fiatio Measurements - M.K. Stewart,

M.A. Cox, J.H. Hulston, J.E.R. Penman

C.k.1.1 General

Analysis of samples continued at a high rate. A

large number of geothermal waters (see section C.3.2) and

waters from geothermal gases were run, as well as some hydro-

logical samples and waters extracted from hydrous minerals

(sericite) and fluid inclusions.

Minor problems with the operation of the Micromass

6O2C mass spectrometer during this period have included:-

(a) misreading of data from the mass spectrometer (found to

be a computer hardware fault);

(b) unstable calibrations of the chart recorder (finally

corrected by inserting ceramic capacitors to protect

integrated circuit amplifiers in the recorder balance

circuit);

(c) steady drift with the sample gas input only (traced to

a leaking sample valve) ;

(d) accelerating voltage unsteady (due to a faulty potentiometer),

G.k.1.2 Calculation of D/H Measurements - M.K. Stewart

Measurement of the D/H ratio of a sample consists of

comparing the sample with a reference gas of known D/H ratio

in a dual inlet mass spectrometer. Several changeovers between

sample and reference are made and the average difference in

D/H ratio and the standard error of the measurement are

determined. The standard error is used to determine whether

the measurement will be accepted (by the computer) or whether

the sample will be automatically re-run. This section discusses

methods of calculating the st jidard error.

The Micromass 6O2C mass spectrometer uses an integrator

to average the fluctuations during individual measurements of

the sample or reference (Sn> R n ) . Taking the standard error

of the differences (SJ-RJ, S1~R2, S,,-R2, etc.) is statistically
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incorrect because some of the measurements are used twice.

This is the method we have previously used. M. Grinstead,

University of Waikato, has suggested using tlie modified

differences (S, - R i + R2 , S, - R a * R3 , etc.) which has
2 2

the effect of eliminating drift if the mass spectrometer

output is drifting and therefore making the standard error

smaller. Another procedure ( the use of S. - _J £ ,
2

S + S R + R
R - — — , S 2 - ^ , etc.) was advocated by the

Micromass 6O2C manual and also corrects for drift, but is

statistically incorrect for the same reason as the first

method. All of these methods give the same average difference

between sample and reference.

We have tested the method of Grinstead for several

weeks by re-programming the computer, although drift was not

a serious problem. Unfortunately, the mass spectrometer

output was making occasional random jumps (about one jump in

thirty changeovers) and the method could not accommodate

random jumps. (Random jumps on the second, fourth and sixth

changeovers were handled correctly, but those on the first,

third and fifth changeovers led to too low a standard error

and possible acceptance of an incorrect result.)

The method now adopted (suggested by Mr D. Ratkowsky

of Applied Maths Division) is to calculate the averages and

standard errors of sample and reference separately, then

combine them (i.e. the difference is S - R and the standard

error is the pooled standard error of S and R) . Drift is not

corrected for, but the method is statistically correct and

separates good from bad measurements satisfactorily.

C.^.2 Oxygen-18/Oxygen-l6 Ratio Measurements in Water -

M.K. Stewart, M.A. Cox

Analysis of samples continued without interruption

during this period and over 65O samples and 290 standards

were processed. Most of the samples analysed were either for

geothermal projects (section C.3.2) or hydrological projects

(section C.k.k).
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C.^.3 Intercomparison Samples - M.A. Cox, M.K. Stewart

The D/H and 0/ 0 measurements are based on local

standards which have been calibrated against international

standards. Continuing checks are necessary to avoid gradual

loss of precision in the measurements. Three samples from

Indian geothermal areas were (fortuitously) measured by both

INS and the Isotope Hydrology Section of the IAEA in Vienna.

The results from tlie two laboratories were in good agreement.

Sample 5D (INS) 6D(lAEA)

% %

GIA-17 -59.1 -58.6

GIA-25 -56.1 -56.6

GIA-26 -80.1 -82.2

C.k.k Hydrologic Studies Using Stable Isotopes
iff 1 f\

(D/H and 0/ 0)- M,K. Stewart, M.A. Cox

1 ft 1 (\
The natural variations of D/H and 0/ 0 in waters

can often give unique information about hydrologic systems,

particularly if measured in conjunction with tritium and

chemical analyses. The stable isotopes are usually of most

value in indicating sources of water, which are often important

in considerations of water quality. The present range of

projects are briefly surveyed below.

C.k.k.X Groundwaters of the Waimea Plains, Nelson

A general picture of re-charge to the subsurface

aquifers of the Waimea Plains is emerging from oxygen-18

measurements (see preliminary report in INS Progress Report

No.26). Sampling of wells, rivers and rainfall has been

continued by the Nelson Catchment Board through 1976 and was

ended in December. The results will be of particular interest

in determining sources of nitrate pollution of the capped

aquifers. One unexpected feature is the importance of local

rain in re-charging the aquifers, in comparison with rivers.
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C.it.4.2 Karst Hydrology, Takaka Valley, Nelson

Extensive water resources exist in marble aquifers,

below the Takaka Valley, as evidenced by the large output of

the Pupu Springs in the lower valley. There are also shallower

aquifers which provide water for farms. P.W. Williams (Auckland

University) initiated the present study, which is designed to

reveal the sources and dynamics of supply of water to the

aquifers.

Earlier measurements had been made by C.B. Taylor.

Monthly samples are being collected from the Pupu Springs

(2 samples), ground-water wells (3) drawing water from marble,

limestone and gravel aquifers, rivers (2) from the south and

east,and rainfall (l). Sampling is expected to continue into

1978. Oxygen-18, tritium, chloride and temperature measurements

are being made.

C.k.k.3 Ground Waters of the Canterbury Plains, Canterbury

Isotopic study of ground water of the Canterbury Plains

was initiated by C.B. Taylor for the region beneath Chrirtchurch,

and has been extended in 1976 to cover the area between the

Waimakariri and Selwyn Rivers. Over 50 samples were collected

from wells by L. Brown (Geological Survey). The work is

intended to show the proportions of local rainfall and river

water in the ground water at different localities, with

consequent water quality and supply implications. Preliminary

results were presented at a hydrology meeting in Christchurch

in October 1976.

C.4.4.4 Snow Resources of the Southern Alps.

Oxygen isotopic measurements have been made on snow

collected from altitudes of about 2000 m in the Rakaia River

catchment by helicopter, to aid the Alpine Hydrology section

of MOWD in estimating the distribution of precipitation in the

Southern Alps. Later sampling will be made in other parts of

the Alps. The snow sampled was precipitated by a north-westerly

storm a few days before the sampling was made. The top layer
18

of snow sampled had very low and relatively constant 6 0 values
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1 ft
which could be attributed to a single storm event (6 0 = -16

to -18/&). Other locations which did not receive snow from this
18

storm had 6 0 — -12?(o. This method of identifying snow from

particular storm events should help considerably in the mammoth

task of assessing snow storage in the Southern Alps.

C.k.k.5 Lysimeter Flow, Kaingaroa National Forest

Deuterium measurements were made on water from a

lysimeter at Kaingaroa National Forest, to estimate ground water

infiltration rates below a pine forest. The Forest Research

Institute at Eotorua constructed this lysimeter principally to

follow nitrogen and other nutrients underground. The lysimeter

is a large pad inserted at 2 metres depth below the ground

surface to catch downward flowing ground water. It was also

hoped to "trace" the deuterium variations in rainwater to the

lysimeter water and hence determine flow times. However, the

deuterium content of the lysimeter water could not be well

correlated with surface water because samples could not be

sampled at the required frequency, and the study was not

continued.

C.4.4.6 Electrolysed Water, Kinleith Forest Products Plant

Following a suggestion by H.P. Rothbaum, water from

hydrogen given off by electrolytic wood-pulp processing vats

was analysed to see if the water could be used as a light-water

tracer in hydrological experiments. The electrolysis water had

deuterium concentrations down to 6D = -87OJ& w.r.t. SMOW or

D/H S 20 ppm. (SMOW has a D/H ratio of I56 ppm.)

C.4.5 Deuterium Measurement by Steam-film Sampling of Water -

M.K. Stewart, J.R. Hulston

We have experimented with a new technique for measurement

of D/H ratios in water, which may allow us to analyse up to 100

samples per day. Professor Roy Krouse (from the University of

Calgary) helped to set up the sample system, from which hydrogen

derived from water flows directly into the D/H mass spectrometer.
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The mass 3 (HD ) and mass 2 (H_) peak heists are measured

several times in a short period of time and then the D/H

ratio is calculated and printed out. The system requires

calibration with standards of known D/H ratio. Present

accuracy of the system is not good but there is potential

for improvement.

A poster paper entitled "Experience with rapid

deuterium analysis of water using steam-film sampling" will

be presented at the Australian and New Zealand Society for

Mass Spectrometry in Wellington in January 1977-
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C.5 Geochronology - C.J. Adams

C.5.1 Potassium-Argon Dating Projects

As in recent years, the dating projects have centred

around two main problems: 1) the age of the Haast Schists and

Torlesse Group and chronology of the Rangitata (Mesozoic)

Orogeny in New Zealand (see 0-5=1-1); 2) the age of

Tertiary-Cretaceous voloanism in the New Zealand region

(C.5.I.2). In the latter part of the year a new phase of

dating studies was started on the Precambrian-Palaeozoic meta-

sediments and granites of Buller and Westland (C.5-1.3) and

Victoria Land, Antarctica (C-5-1.4). Projects are grouped

under these main headings.

0-5-1.1 Chronology of metamorphism, plutonism, deformation

and uplift of the Rangitata (Jurassic-Cretaceous )

Orogeny in New Zealand

Chronological limits for the Rangitata Orogeny can be

set in several ways, (i) Dating early phases of plutonic

(e.g. Bounty Island) and volcanic (e.g. Takitimu Mountains)

igneous activity of the orogenic zone and areas where early

metamorphic events arfe not obscured by younger complications

(e.g. Otago and Chatham Islands), (ii) Dating the main phase

metamorphism of the Haast Schists at various structural levels

to set age limits for the metamorphism itself and the

subsequent post-orogenic uplift. The uplift varies from

place to place throughout the belt and influences the style

and distribution of post-orogenic sedimentary basins of

Cretaceous-Tertiary age. (iii) Dating the last phases of

orogenic plutonism (e.g. Berlins Porphyry of Buller and

lamprophyre dyke swarms of Westland) and volcanism that occurs

in the Upper Cretaceous and earliest Tertiary rocks, (see

Section C.5.1.2).

To study the timing of metamorphism and uplift in

the Rangitata orogenic belt it was decided to extend the

previous work of Bird, Sheppard and Burden (V.U.W.) in the

Lewis Pass-Hanmer Springs region (see Progress Reports 2O-25)
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to several similar traverses across the belt in different

structural and metaraorphic situations. The areas chosen were,

from north to south,

(a) Kaimanawa Ranges,

(b) Wellington-Tararua area,

(c) Marlborough Schist and Nelson Permo-Triassic,

(d) Alpine Schists, Fox, Franz Josef Glaciers and Copland

River,

(e) Alpine Schists, Haast Pass, Lakes Wanaka and Hawea,

(f) Haast Schists, Kawarau River and Lake Wakatipu,

(g) Torlesse Greywackes, Dansey Pass,

(h) Haast Schists, Dunedin Coast,

(i) Triassic-Jurassic sequence, SE Otago Coast.

In November, field work in eastern Otago and the

Haast and Fox River areas enabled substantial collections to

be made along traverses d, e» g» h» i, and analytical work

has been started for traverses a, b,and g on material collected

earlier.

(a) Age of low-grade metamorphism of the Kaimanawa

Schist - B. Hegan (N.Z. Geological Survey, Turangi)

Metamorphised greywackes and argillites of probable

Lower Mesozoic age form the axial ranges of the North Island

of New Zealand and in the Kaimanawa Ranges, a structurally

complex zone contains schistose rocks of prehnite-pumpellyite

metamorphic facies. Argillite and phyllite samples from this

zone, taken from excavations of the Moawhango Dam, Moawhango—

Tongariro Tunnel and Rangdpo Power House of the Tongariro

Hydroelectric Power Project, have provided excellent material

for dating. Nine ages ranged from 127-143 m.y.(Lower Cretaceous-

Upper Cretaceous), indicating that these rocks were uplifted

and cooled after metamorphism later than their

counterparts in the Torlesse Greywackes of the Wellington

district and the South Island. However the ages are similar to

the published dates from the Permo-Triassic rocks and Marlborough

Schists of the Nelson district, with which, they are often

tsntatively correlated.
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(b) Age of low-grade metamorphism of the Wellington

Greywackes - G.W. Bird and T. McKean (v.U.W.)

As part of a B.Sc(Hons) project T. McKean has made

detailed petrographic, X-ray diffraction and X-ray spectro-

metric analyses of the argillite samples of the Wellington

Greywackes collected for dating (see Progress Report 26).

The ages of a representative selection of these rocks from

the Red-Rocks and Ngauranga quarries in Wellington and the

Otaki Forks area have followed a similar pattern to that of

the Torlesse Greywackes in the upper Lewis Pass and Hanmer

Springs area (see Progress Report 26), with most falling in

a group at 170-200 m.y.(Lower Jurassic) but the remainder

forming a second group at l£t0-150 m.y.(Upper Jurassic).

These K-Ar ages must reflect either the time of low-grade

regional metamorphism during the Rangitata Orogeny or perhaps

an earlier event relating to diagenetic recrystallisation of

the sediments during burial in the Triassic Period. It is

hoped that petrographic and chemical characteristics of the

sediments and a reassessment of the metamorphic facies within

the area will resolve 'diagenetic1 from 'metamorphic1 ages.

(c) Age of low-grade metamorphic rocks of Dansey

Pass (Otago) - D.G. Bishop (N.Z. Geological Survey,

Dunedin)

The Dansey Pass Torlesse Greywackes are perhaps the

best studied example of low metamorphic rank Torlesse rocks,

transitional into the Haast Schist terrane. Potassium-argon

dating of eleven phyllite samples spanning the prehnite-

pumpellyite and pumpellyite-actinolite metamorphic facies

(textural zones 1-3A) ranged from 160-200 m.y., being

consistently and inversely correlated with metamorphic rank.

These ages are older than the Chatham Schist dates (see Progress

Report 22) and other areas of Torlesse rocks, and possibly point

to a very early metamorphic event in the Rangitata Orogeny. To

confirm this and hopefully exclude the possibility that the

ages partially reflect the age of the provenance area of the

sediments, it was decided to collect samples from
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meta-volcanic horizons within the same sequence which do not

contain detrital material, and also, coarse greywacke

horizons which do contain visible detrital micas that could

be dated separately. A field trip was organised in November

and extensive re-collections were made from Dansey Pass and

the Mt St Mary Ranges (East Otago) where,in the latter

case, fossiliferous horizons give excellent stratigraphic

control on the raetasediments collected.

Dating of the pre-metamorphic plutonic and volcanics

rocks of the Permo-Triassic-Jurassic N.Z. Geosyncline is

particularly difficult because the later metamorphic and

plutonic events at the orogenic climax have almost obliterated

the early isotopic history. In the Takitimu Mountains,

Southland (see Progress Report 24), there is some evidence

that volcanic activity (and related plutonic igneous intrusion)

occurred in Permian (240-250 m.y.) and Upper Triassic (200-

215 m.y.) times and this is supported by other published ages

in the same range from the Bluff Igneous Complex (Southland)

and Eglinton Volcanics (Otago). Thus it seems that significant

igneous activity occurred at this time, possibly associated

with early metamoprhic events. The Bounty Islands (Campbell

Plateau) and Pepin Island (Nelson) have similar rocks and these

were dated to investigate this early phase of igneous activity.

(d) Age of the Bounty Islands granites - D. Cullen

(N.Z. Oceanographic Institute)

The single published age determination of 189 m.y.

(Lower Jurassic) from the Bounty Islands granite seemed

anomalous in a regional context and so some additional

granitic sea-floor samples from the Bounty Rise were dated,

as well as hornfelsic sediments nearby and low-grade

argillaceous metasediments away from the granite on the eastern

part of the Bounty Rise. The new concordant ages (175-185 m.y.)

seem to confirm that the granite was emplaced about 180 m.y.ago,

and has suffered no subsequent mctamorphic overprint. The

granite has produced minor hornfelsic metasedimentary margins
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but the argillite sample away from the granite gave an age of

225 m.y., indicating a Triassic or older age. with no younger

Rangitata metamorphic overprint.

In contrast to the above, some age determination

of Pepin Island (Nelson) granodiorites and andesites yielded

highly discordant results in the range 90-230 m.y., indicating

an incomplete degassing of these Perrao-Tri-assic rocks during

the Rangitata Orogeny.

C.5.I.2 Age of Tertiary-Cretaceous Volcanism in

Nev Zealand

(l) Mt Somers Volcanics, Canterbury - P. Oliver

(N.Z. Geological Survey. Lower Hutt)

With the completion of a detailed age survey of

the Cretaceous volcanics at Mt Somers (Canterbury) (see Progress

Reports 23 and 26), some final age determinations have been

made of similar volcanics at Mt Misery and the Rakaia and

Rangitata Gorges. Plagioclase mineral ages have also been

determined for samples previously dated as total rocks.

Generally the ages for all the rocks fall predominantly in the

range 80-95 m.y. with most of the plagioclase and total rock

ages being concordant. Where the plagioclase ages are lower

than the total rocks it is probable that the latter are

minimum ages only. A similar limitation arises for the ages

of the rhyolites dated which contain a glassy matrix which

may have lost radiogenic argon. The consensus of the ages

points to an eruptive age for the Mt Somers Volcanics at about

90 m.y. with the possibility that some andesites

could be about 5-10 m.y. younger. Nevertheless all the

volcanic rocks appear to be 5-10 m.y. older than the Chatham

Island Volcanics; a similar Upper Cretaceous volcanic suite

resting on schistose metamorphic basement.

(2) East Cape Volcanics - S.Nathan (N.Z. Geological

Survey, L. Hutt)

To investigate a possible correlation of the

Chatham Island Volcanics (Cretaceous) and the East Cape
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Volcanics (Jurassic-U.Tertiary), several total rock samples

collected in 1975 at Cape Runaway and Lottin PointCast Cape,were dated

Stratigraphic evidence points to a Cretaceous age for at least

some of the volcanics at Cape Runaway but the measured K-Ar

ages, ranging from 5-70 m.y., do not support this. The bulk

of the samples carry an altered ground mass which might be of

deuteric origin or related to a subsequent burial metamorphism and

the discordant age pattern obtained may be a reflection of

the latter. However, nearly all the samples have low potassium

concentrations (0.1-0.6$) and very low radiogenic/total argon

ratios (0.01-0.18) which lead to rather imprecise age

determinations. It seems possible that the volcanic rocks

may have been erupted or perhaps later re—crystallised in an

environment containing argon not of modern atmospheric

composition. Potassium-argon isochron diagrams indicate that

this 'initial' argon was approximately but not exactly of

atmospheric composition and the last thermal event in the

history of the rocks was about 22 m.y. ago (Miocene).

Whether this age is that of volcanic eruption or later re-

crystallisation is not clear but further rock collections

for K-Ar dating made in November 1976 may elucidate this point.

(3) Age of the Campbell Island Volcanic suite

and the underlying metamorphic basement -

P. Morris and M. Beggs (Univ.of Otago)

As part of a new geological survey of Campbell Island,

some total rock samples of the Upper Tertiary volcanics were

dated to compare with other young volcanic rocks of the Chatham,

Antipodes and Auckland Islands. Much of the extensive volcanic

activity is of the hawaiite - raugearite type with

minor benmoreite and trachyte and the ages mainly fall in a narrow

age range, 6.6-6.9 m.y. in the Upper Miocene. An older trachyte

flow, beneath the main volcanic sequence gave a slighly older

age, 8.4 m.y., and the Menhir Gabbro, the only

plutonic igneous body in the volcanics, an older age still,

15 ± 1 m.y. (Middle Miocene).
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The volcanics rest on weathered quartzo-feldspathic

schists and phyllites similar to the Haast Schists of Otago.

A total rock age for a small phyllite sample gave an age of

165 m.y., very similar to ages of the Chatham Island Schist

and parts of the Haast Schists/Torlesse Greywackes of Otago

and Canterbury.

The Upper Miocene ages for the main volcanic sequence

are not readily compared with volcanics of Dunedin, 10-13 m.y.;

Lyttleton, 10-12 m.y.; Akaroa (Banks Peninsula), 8-9 m.y.;

Antipodes Islands, about 2 m.y. or the Chatham Islands, 4-5

m.y. The only remaining basaltic volcanics are those of the

Auckland and Solander Islands, neither of which have been

dated, but for the former, Denison and Coombs have recorueid

a 15 m.y. age for the Carnley Harbour gabbro, similar to that

of the Menliir Gabbro of Campbell Island.

(4) Age of Cretaceous volcanics of Buller and

Westland - S. Nathan (N.Z. Geological

Survey, Rotorua)

Isolated basaltic lavas and occasional dykes

occur throughout the Upper Cretaceous and Lower Tertiary of

Westlaiid and provide useful markers in correlations.

Some further potassium-argon ages of the Arnott Volcanics

of South Westland, the Morgan and Kowhitirangi Hill

voicanica of North Westland and the Penguin Rock intrusives

of Martins and Big Bay confirm earlier initial results (Progress

B.eport 25) and axl give younger ages, 25-45 m.y. , than

presumed from stratigraphic evidence (65-75 m.y.). The

discrepancy is probably related to similar problems as those

mentioned for the East Cape volcanics discussed above. The

age discrepancy is particularly large in areas where deep burial

occurred during mid-Tertiary sedimentation, and hence correlates

with coal rank variations in the Buller and Westland coalfields.

To test and assess this correlation, coarse detrital muscovite

micas have bean chosen for dating from lower and middle

Tertiary coal-bearing sedimentary sequences that have suffered

a wide variety of burial histories. If deep burial can be

directly related to argon loss problems then this may help in

Earth and Planetary Sci.Letters 1976
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selection and interpretation of age studies of other volcanic

areas in the Tertiary and Cretaceous basins.

C.5.1.3 Chronology of younger granites in Buller and

Westland, and their age relations to mineralisation

As a background study to future ifb-Sr dating of

the earlier Palaeozoic gneisses and granites of the region,

it was decided to investigate the age patterns of the

youngest Cretaceous rocks which invade and thermally

metamorphose them. These younger granites also appear to be

the locus of mineralisation and the age relations of ore

bodies to local igneous activity is of additional importance.

In April a major field trip was made to the Victoria

Range (Reefton) with A. Tulloch (Otago University) and samples

were collected for K-Ar and Rb-Sr dating. These will

complement other similar projects in the Paparoa and Karamea

granite batholiths (see below).

(l) Age of mineralised granites in NW Nelson -

S. Rabone (Univ.of Auckland), A. Wodzicki

(N.Z. Geological Survey, L. Hutt)

Recent geological mapping and mineral exploration

surveys have shown that areas of molybdenum mineralisation in

NW Nelson appear to be consistently associated with late

acidic dyke phases and satellite stocks of the large Karamea

Granite batholith dated at about 36O m.y.(Devonian). However,

K-Ar ages of the minor mineralised granites and horfels in

the Karamea and Roaring Lion Rivers indicate a younger, 110

m.y. mid-Cretaceous age for the mineralisation. In similar

situations at Eliot Creek and Taipo Spur, studied by S.Rabone

and Copperstain and Cascade Creeks studied by A. Wodzicki,

molybdenum mineralisation is again associated with granites

which are also dated at 100-110 m.y. Further K-Ar dating of

the remaining NW Nelson molybdenite occurrences at Kunckle Hill.

Mt Kadiant and Burgoo Stream is also planned but it is already

clear that a well defined group of minor granites was formed

during the Rangitata Orogeny and they form the centre for

molybdenum mineralisation.
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At Richmond Hill, near Collingwood, young minor

granites are associated with silver mineralisation but these

yield slightly younger K-Ar dates in the range 90-100 m.y.

(mid-Cretaceous).

(2) Age of the Berlins Porphyry, Buckland Granite

and the Hawks Crag Breccia, Buller district -

S. Nathan (N.Z. Geological Survey, L. Hutt)

The age of the Hawks Crag Breccia is of

importance in the geological history of New Zealand because

these terrestrial sediments contain the earliest angiosperm

plant remains and are the oldest rocks which post-date the

Rangitata Orogeny. They form a key time-horizon between she

major sedimentary cycle of the Permian-Jurassic N.Z. Geo-

syncline and the more fragmented sedimentary cycle of the

Cretaceous-Tertiary marine basins. Fortunately the age of

the Hawks Crag Breccia is constrained by the immediately older,

Berlins Porphyry and the Buckland granite (the latter providing

debris for the sediments) and the younger, cross-

cutting lamprophyre dyke swarms. Potassium-argon biotite

ages of the Berlins Porphyry have now been completed and fall

in the range 105-110 m.y. (mid-Cretaceous) and are probably

very close to the time of intrusion, but younger biotite

and muscovite ages, 95-99 m.y., for the deeper Buckland Granite

reflect the onset of uplift, erosion and coarse terrestrial

sedimentation at the close of the Rangitata orogenic cycle.

Lamprophyres cutting the breccias give whole-rock and hornblende

ages in the range 78-8^ m.y. and thus the Hawks Crag Breccia

must fall in the Upper Albiau or Lower Cenomanian stage of the

Cretaceous period.

(3) Age profiles of the Palaeozoic metasediraentary

belt in NW Nelson - G.W. Grindley, A. Coleman,

R. A. Cooper (N.Z. Geological Survey)

It is probable that a mid-Ordovician phase of

deformation and low-grade metamorphism in the Greenland Group

(Ordovician) sediments of Vestland and Buller (see Progress

Report 21) also affected fossiliferous lower Palaeozoic
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sediments of NW Nelson. Since the stratigraphy and structural

history of NW Nelson is now becoming better understood, these

rocks constitute a good test case for K-Ar whole-rock dating

methods when applied to low grade metamorphic rocks. Using

samples collected on earlier field trips it is now clear that

any mid-Palaeozoic ages (400-450 m.y.) have largely been

obliterated by the thermal effect of the adjacent Karamea

granites in the west (about 350 m.y.) and the Separation Point

granites in the east (about 100-120 m.y.). It is also

possible* that both phases of granite intrusion were associated

with more widespread regional, rather than just thermal,

metaraorphism of the country rocks. To test this interpretation,slate

samples were collected during field work in December in the

upper Cobb and Wangapeka Valleys, NW Nelson, near the central

axial portion of the Palaeozoic belt which is equidistant from

both granite belts. It is hoped that in these areas the earliest

metamorphic history of the rocks may yet be preserved.

C.5.1.4 Age studies of Antarctic Precambrian-

Palaeozoic rocks

Three projects during this period involved similar

suites of rocks and all gave unexpected but similar age

patterns:

(1) Scott Glacier, South .Victoria Land - R. Katz

(N.Z. Geological Survey)

Precambrian Volcanics of the Wyatt Formation

gave young, 470 m.y. biotite ages, due to the powerful thermal

overprint of the adjacent granites emplaced during the lower-

Middle Ordovician,which also yielded 460-470 m.y. biotite and

muscovite ages.

(2) Age of the Nimrod Group (Precambrian), South

Victoria Land - G.W. Grindley (N.Z. Geological

Survey )

A large number of biotite and hornblende ages

of various formations of the supposed Precambrian Nimrod Group

of the Miller Range of South Victoria Land, ranged from
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470-1000 m.y., with a major group at 465-52O m.y. This age

pattern is similar to previous studies by others using the

Rb-Sr method, but raises the possibility that some of the

oldest ages are not real, and are the consequence of massive

excess argon contamination. It is possible that late

Precambrian sediments (in the interval 700-1000 m.y.) were

extensively metamorphosed during the emplacement of the

Granite Harbour intrusives (470 m.y.) and the argon released

at this time was then captured by nev metamorphic minerals

forming. This excess 'initial1 argon wo Aid thus lead to

spuriously old ages in the aureole rocks near the granites.

Some age determinations of the granite - all form a group at

460-470 m.y. - certainly indicate that the bulk of the ages

from the Nimrod Group reflects only the time of granite

intrusion.

(3) Age studies of the Precambrian-Palaeozoic

basement rocks of the Bowers Mountains,

North Victoria Land - A. Wodzicki, M.G. Laird

(N.Z.Geol.Survey),J. Bradshaw (Canterbury Univ.)

Initial results from the Wilson Group (Pre-

cambrian) gneisses and Bowers Group (Cambrian) metasediments

are similar to those described from the Nimrod Group (see

above). In this case no Precambrian ages (greater than 600

m.y.) are preserved but nearly all reflect the regional

metamorphism associated with the Ross Orogeny, 440-470 m.y.,

(Mid-Ordovician), thermal metamorphism by the Granite

Harbour intrusives (470 m.y.) or the Admiralty intrusives

(350-400 m.y.) in the region.

C.5.I.5 Other Projects

(l) Age of porphyry-copper mineralisation, Moonmera,

Queensland - H. Dummett (Univ.of Queensland)

This study enlarges previous dating studies at

the University of Queensland and includes mineralised and

hydrothermally altered Permian granites and breccia pipes
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and younger dyke rocks. Detailed K-Ar studies of the Gracemere

Quartz-Diorite (mean age 247 — 2 m.y.), hydrothermally altered

andesitic breccia pipe within it (mean sericite age 245 ± 2

m.y.), and younger dykes cutting both (mean total rock age

244 ± 2 m.y.), show that £ll three events are not significantly

different in age and are therefore probably genetically related.

(2) Age of Precambrian metamorphic complexes of

Afghanistan - A.R. Crawford (Canterbury Univ.)

As part of a large reconnaissance survey of the

tectonic evolution of Iran, Afghanistan and Pakistan,Prof.

Crawford submitted a small selection of presumed Precambrian

gneisses from southern Afghanistan for K-Ar dating. Mineral

ages of these high-grade gneisses ranged from 4CG-76O m.y.,

confirming the Precambrian ancestry (>76O m.y.) of the rocks

but also indicating extensive younger thermal effects,

probably during Palaeozoic orogenic episodes. In contrast,

some other mineral ages from gneissic granites nearby are only

15 m.y., showing that further tectonic and igneous activity

associated with the Alpine-Himalayan system is also present.

(3) New Caledonia- P. Black (Univ.of Auckland)

Two hornblende age determinations were done on

hornblendites from the Koe Ophiolite Complex which confirmed

their Eocene metamorphic age.

C.5-2 Argon Analysis - C.J. Adams, J.E. Gabites

The new argon extraction equipment and MS1O mass

spectrometer were used heavily during this period despite

breakdowns of the RF induction heater, and 520 argon analyses

were completed. These include about 40 re-determinations of

international rock and mineral standards, atmospheric and Ar

argon isotopic measurements which were prompted by contamination

of a set of atmospheric argon volumetric gas standards mentioned

in Progress Report 26. It appears probable that at least on
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one occasion the air sampled in the Gracefield district, near

the Shed 2 annexe of INS, has been contaminated by argon

discharged from the fractional distillation stage of N.Z.

Industrial Gases liquid oxygen and nitrogen plant, about

100 m away. The argon contaminant was probably of normal

atmospheric isotopic composition but raised the local argon

concentration of the air from the normal concentration,

O.93k$>, to about O.96$&. A new set of argon standards was

made from air sampled from the top floor of the Easterfield

Building-, Victoria University in Wellington, during southerly

wind conditions, and these have provided more satisfactory

results when rock standard data were re-calculated.

During May and later in September the argon extraction

procedure was modified to allow water extractions to be made

from sericites in Moonmera (Queensland) mineralised rocks and

amphiboles in some high grade gneisses from Central Queensland.

The water was analysed for D/H composition and attention was

paid to ensuring complete recovery of water from the minerals,

through a partial gas purification stage into removable glass

breakseals. The same gas samples were also used immediately

for K-Ar dating of the mineralisation events (see C.5.1).

C.5.3 Potassium Analysis - J,,E3 Gabites

During this period 735 analyses were done, relating

mainly to the projects discussed in C.5.1 and small

improvements were made to the ion-exchange procedure to

streamline the technique. A glass manifold to supply ion-

exchange columns replaced a Swagelock nylon version after

the prolonged use of dilute nitric acid caused some failure

of the nylon fittings.

The BASIC computer programs were modified to

simplify the input data requirements and to collate the output

in a briefer version.
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C.$.k Rubidium-Strontium Dating Project

It was particularly unfortunate that further work

on this project was stopped by very long delays - several

months - in deliveries of essential bench-top materials for

the main Rb-Sr laboratory. However much of the primary

ventilation system has now been installed and is undergoing

testing and soundproofing. Electrical and plumbing

installations are also nearing completion.

C.5.5 Computer Programs - C.J. Adams, J.E. Gabites

A major effort has been made to rationalise all the

programs in the K-Ar and Rb-Sr projects to the time-shared

BASIC (TSB) system available in Shed 2. This has required re-

writing of all our existing programs, which are mostly in

FORTRAN, developed at INS in the past or acquired from

overseas visits, etc. The new programs handle the preferred

input data format of the laboratory analytical work sheets

and provide an output format that is simple but readily

transferrable to the N.Z. K-Ar Age List format or the other

systems for filing or data handling. Other programs

produced include a least-squares line fitting program using

correlated errors in X and Y coordinates, which is widely

used in Rb-Sr age data analysis. The main programs are now:-

AGE : Argon mass spectra data analysis and age calculation.

POTAN : Potassium flame photometric data analysis.

YORK2 ! Least squares analysis of a straight line using
correlated errors.(D.York, Earth & Plant.Sci.Lett.
5(1969), 320-324). Also in FORTRAN.

FACTOR : Orifice mass discrimination correction factors
required in argon analysis.

00

SPK : Calculates J Ar quantities dispensed from gas pipette
for successive aliquots.

RDARltO : Calculates air and volumes of GAS standard atmospheric
argon capsules.

XRFS : (Fortran only) Calculates rubidium and strontium con-
centrations, Rb/Sr and 87Rb/8°sr ratios and mass
absorption coefficients from X-ray fluorescence
spectrometric data of rocks and minerals.
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C.5>6 Mineral Separation - D.S. Nicholson

Rock preparation and mineral separation was

concerned mainly with the following new projects:-

1. Queensland ores, sulphide concentration (3 samples) for

Dr B.W. Robinson.

2. Fiordland metamorphic rocks, Milford .Sound (3 hornblende

separations) for Dr P. Blattner.

3. Kaitnanawa Schists, Rangipo Power Station, Turangi. (6

K-Ar whole-rock samples).

k* Precambrian volcanics and Palaeozoic intrusive granites

S. Victoria Land, Antarctica.(Complete mineral separation,

6 samples).

5. Wellington greywackes, Wellington (5 total rocks).

6. East Cape volcanics (12 K-Ar total rocks).

7. Dansey Pass Torlesse Greywackes (13 K-Ar total rocks).

8. Campbell Island Volcanics (l6 K-Ar total rocks).

9> Precambrian—Palaeozoic schists and Wilson Group meta—

morphic rocks.(^3 K-Ar total rock and 12 mineral separation).

10. Westland Cretaceous Volcanics (10 K-Ar total rocks).

11. Buller Gorge Cretaceous granites and lamprophyre dykes

(17 complete mica and hornblende separations and K-Ar

total rocks).

12. Victoria Range, Reeftori: granites and metamorphic rocks

(10 Rb-Sr total rocks and 25 mineral separations, K-Ar).

13. Bounty Island granites (6 samples for biotite separations).

Ik. NW Nelson Palaeozoic metasedirnents (15 K-Ar total rocks).
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C.6 Research in Other Fields

C.6.1 Stable Isotope Composition of Hydrocarbons - G.L. Lyon

Using the combustion line of the PEL biophysics gvoup,

two sets of samples were analysed. Unfortunately this line is

inefficient for hydrocarbons because of the low mixing ratio of

oxygen to sample. Although adequate for carbohydrate plant

material, some unburnt volatile hydrocarbons contaminate the

combustion products when hydrocarbons are combusted.

Peat from the Chatham Islands has been investigated by

Soil Bureau for possible wax production,and published data

suggested that D/H ratios of peat may provide palaeoclimatic

information. Two samples of bitumen extracted from peat of

two different ages (expected to have been formed under different

climates) were combusted and preliminary results obtained for

their JC/ C and D/H ratios. Within the experimental limits

the two appear identical (S 1 3C p D B = -31.7&,
 6 D

S M O t f = -I65&).

Five West Australian crude oil samples were analysed

for Dr R.B. Johns of the University of Melbourne. Large
13differences in 6 C values were obtained but we have no details

on the origin of the samples.

C.6.2 Studies of Milk Uptake of Lambs - M.A. Cox, M.K. Stewart

with D.E. Wright (Ruakura Animal Research Station)

Nutritional experiments seeking to understand the

relationship between nutrition of grazing ruminants and the

growth of their suckling young are hampered by the uncertain

accuracy of methods frequently used to measure milk uptake by

the young. To overcome this problem Dr Wright has developed

a double labelling technique in which the eves are injected with

weighted doses of HTO and the lamb with DgO at weekly intervals;

Plasma and milk samples were analysed for tracers by liquid

scintillation counting at Ruakura for HTO and by mass

spectrometry at INS for HDO.

The results of a preliminary experiment have been most

successful and thought has been given to the possibility of
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large-scale experiments. However in order for our laboratory

to be able to cope with the large number of D/H analyses

involved it will be necessary to fully develop the fast sample

analysis technique mentioned in C.^.5«
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D. Radioactive Dating and Fallout

D.1 General

Perhaps the most important innovation has been the

successful introduction of C. Brenninkmeijer's alternative

purification system for carbon dioxide, for C-14 counting.

The geothermal areas were sampled for C-14 to study

the rate of replacement of underground steam.

' A computer analysis of C-14 counting errors of the

COp-counters showed undesirably high RMS errors for many

separate runs in•comparison with single run statistics. The

largest CO counter has been overhauled at the end of this

period and the guard-ring replaced.

Much of the tritium work went into supplying all

details of A. Gugelmann's new electrolysis cells to the

International Atomic Energy Agency laboratory in Vienna,

which wants to use the design.

It was shown that the hydrological system of the

Waimea Plains does not derive its water directly from the

Wai-iti and Wairoa Rivers.

150 low-level tritium and C-l*t samples were counted

for the study of cannabis metabolism by N.K. McCallum.

A further successful use of the liquid scintillation

counter was in the field of plutonium fallout, where the alpha

emission was counted very efficiently.

The exploratory work on dating by electron spin

resonance has met with some puzzling problems.

D.2 Carbon-14 Dating and Carbon-lit Variations - H.S. Jansen

D.R. Currie, M.K. Burr, R.C. McGill, N.K. Wood.M.Shirer

D.2.1 Sample Processing

During the year 1976, 347 samples were processed;
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119 for counter A (20 litres of C0 2), 112 for counter B

(5-5 litres CO 2), 108 for counter C (12.5 litres CCO and 8

for counter D (100 era CHr). The samples processed may be

classified as follows:

N.Z. Geological Survey
Soil Bureau

N.Z. Oceanographic Institute

Universities:

Victoria

Tasmania

Newcastle

Lincoln College

Institute of Nuclear Sciences:

Makara sea water

Makara air

Campbell Island air

Tarawa air

Antarctic air

Geothermal bore CO,,

Contamination investigation

Standards

131
20

_22

1

10

1

6

15

7

7
8

k

15

k
13

178

18

73
3̂ 7

D.2.2 Soil Profiles and Geothermal CO_

D.2.2.1 Soils - Following on from the 10-saraple profile of

the Judgeford soil, reported in progress report No.26, a

series of five profiles of soils from the southern half of the

South Island have been processed during the year. Results on

some of the profiles do not completely confirm the concept of
13less negative 6 C values with greater depth. Some of these

profiles do consist of only two samples, so that it could be

difficult to see the trend as clearly as was shown in the

previous, ten-sample Judgeford profile.

D.2.2.2 Geothermal - Fifteeen samples of geothermal carbon

dioxide from both Wairakei and Broadlands geothermal fields

were processed during 1976. Good agreement was found in about

half the cases where duplicate samples were processed, but re-

sampling seemed desirable in other cases. The processing work
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on further Broadlands samples will follow early in the new year.

D.2.3 Ocean water depth sampler

This sampler has now been constructed by INS workshops

and arrangements have been made to test the trip mechanism from

th deck of <SMV Tangaroa in January 1977.

D.2.k Carbon-14 Standards and Data Processing - H.S. Jansen

A first draft is still being made by K. Aldous of

Applied Mathematics Division to allow re-sorting of data, by

R, NZ or PR numbers to be done on the Victoria University's

large Burroughs machine. As commented in the previous report,

the success of this approach will depend on how accessible

the Burroughs machine will prove to be.

Lists of results have been compiled on the PDP-11 as

required for soil projects, samples from Burma and a series

of analyses of our counting statistics for background and

the oxalic acid standard.

CO^-counter Errors; Computer analyses showed a

rather large ratio between RMS deviations of numbers of runs

and single-run errors for all carbon dioxide counters. This

condition was found to have persisted throughout the counters'

lives. Some conceivable causes are:

1. Variable humidity and temperature in the counters.

2. Variable difference in temperatures between counter

filling and the gas capsule of the gas thermometer.

3. Irregularities on the mains supply voltage and the

poor earthing of Shed 2.

4. Dirt and dust finding their way into the counters.

5. Large volumes and a high field gradient across the

insulators of the counter anodes.

The difficulty is to cure these problems at an

acceptable expenditure and this may not be feasible for air-

conditioning requirement.

The TSB terminal in Shed 2 continued to increase in

popularity with this group, the K-Ar section and the fallout
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group, as well as with groups outside INS (mainly Chemistry

Division, Coal Research Section and PACRA). As a result the

problem of the Teletype doubling as data logger has become

acute and mistakes made by people using the terminal leads to

loss of a complete night's readouts with increasing frequency.

A dedicated machine for this purpose is becoming more urgent

as reliance on the Teletype as a terminal grows.

D.2-5 Purification of Carbon Dioxide - G.A.M. Brenninkmeijer

Twenty samples for counters A, B and C have been

purified in the new system. After starting with successful re-

purification of already "limed" samples, even the most suspected

samples end up very pure with respect to electro-negative

impurities when the new system replaces the lime purification

and drying on PO 0E- T n e operation of the system proves to be

simple and non-time consuming; it is used progressively for

routine purifications. A paper on electronegative impurities

in ^®o coun*iI1S» based on overseas work, has been written

for presentation at the 9th International Conference on

Radiocarbon Dating.

D.2.6 C-14 Counting Equipment

D.2.6.1 Carbon Dioxide Counters - M.K. Burr

B and C counters

It was decided in May to replace the guard ring which

is common to both these counters. The existing ring was the

original ring and had been in continuous service since 1962.

However it had reached the stage where the plateau was so

short and so steep that reliable counting was becoming difficult.

We had in reserve 20 spare unused tubes bought from

N. Wood (USA) late in 1971. On receipt of these tubes

individual plateau checks were made on all of them and all

equalled or exceeded the manufacturing specifications. Prior

to their installation those checics were repeated and with the

exception of only one tube the results were identical to the

original tests. It is of interest that in the past tubes

bought from other manufacturers have often deteriorated
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appreciably even when held in storage for shorter periods.

The actual changing of the tubes was a major job,

involving amongst other things the removal of both C-14

counters,and took several days. In view of the time involved

it was thought worth while to do some work on the C-l*t

counters also, and make some modifications while the equipment

was out of service.

The ring EHT supply was replaced with a Model

Fluke which was previously used in the tritium gas counting

equipment. All four ring quench units were thoroughly checked

and components replaced where necessary to give identical

pulse length outputs. Earth wiring was cleaned up.

Counter B, which is still in its original form, using

black wax to seal the ends, was given several flushings of

alcohol since it had not been taken out and cleaned for some

years. It was decided not to renew the anode assembly as it

had counted very reliably over a long period and was still

doing so at the time of removal.

In the case of the C counter (12 litre) fluctuations

in the counting rates of standards had become much larger

than should be expected, so a thorough overhaul was decided

on. This proved to be more difficult than had been anticipated,

aŝ ttri*- counter had been modified from the original design,

the major change being that the large glass insulator was

attached to the counter body with Araldite instead of black

wax. It was thought desirable to renew the anode assembly as

well as cleaning the counter but this necessitated the

separating of the insulator from the counter body. This was

ultimately achieved by soaking the Araldite joint in a beaker

of cold concentrated sulphuric acid over the weekend. By

Monday morning all the Araldite had dissolved, the glass was

perfectly clean and there was no sign of the copper having

been attacked.

While the insulator was off it was possible to remove

a small amount of mercury which had accumulated in the counter.

The counter was then given several thorough flushings of benzene.
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A complete new anode assembly (front insulator, glass sleeve,

tungsten anode and rear insulator) was made, the guard ring

thoroughly cleaned and the counter re-assembled. An improved

method of coupling the counter to the filling line by using

a completely removable glass and bellows section was

incorporated. Also changed was the means by which the EHT

leads are attached to the counters. Terry clips are now used.

These improvements will make for easier and safer removals of

the counters from the shield when necessary in the future.

Up until this time the coupling of the counters to

the preamplifiers had been by means of a length of heavy-duty

automotive cable, covered by braiding and a plastic sleeve.

The lack of flexibility of this method tended to place an

undue strain on the anode termination of the counters with

the possibility of counter breakage. Since no high voltage

is involved these connections were changed to use 7O ohm co-

axial cable, one end being soldered directly to the counter,

the other being connected to the preamplifiers via B.N.C. plugs

and sockets. These leads are clamped to the shield, so

removing all strain from the counter insulators. An added

bonus is a reduction in the operating voltage of the counters

due to a decrease in the capacity of the leads. In the case

of the C counter this is particularly worth while, as with

normal samples the EHT supply was working at its full capacity.

Further problems were encountered with cross-feeding

of high-energy pulses from one counter to the other. This was

eventually traced back to the coupling leads and was cured by

reversing the preamplifiers to each counter and careful posi-

tioning and fixing of these leads.

All preamplifier components were thoroughly checked

and accurate figures for preamplifier gains and discriminator

settings obtained. These vill be of great use in the future in

the event of any possible changes in operating characteristics.

Both B and C counters were back in operation in the

last week of June with C counter, which had had a background

count rate of 18.5 cpm prior to cleaning, resuming at 16.5 cpm;
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a figure which has remained essentially steady in the following-

six months. At one stage for no apparent reason the background

rate did increase to 16.7 cpm. At the same time during the

occasional run counting would cease completely during the run

for a period of anything between 1 hour, or six or seven hours,

and then resume counting normally. Eventually this fault was

traced to the sorter power supply. This is a regulated 12 volt

supply, the centre point being regarded as 0 volts, the supply

thus in effect delivering plus and minus 6'volts. The centre

point was varying so that the supply could deliver plus 7 volts

and minus 5 volts or plus 8 volts and minus h volts for example.

Replacing this supply restored consistent operation while the

background count rate returned to 16.5 cpm.

"A" Counter

This system was also in need of having the counter

dismantled and cleaned,as towards the middle of the year

greater variations than could be expected in standards

counting were becoming evident. This was expected to be (and

later proved to be) an interesting exercise as "A" counter is

demountable and would be disassembled for tlte first time

after three years of continuous operation. Vith previous

counters we have never been able to see what changes, if any,

have taken place inside the counter when counting has become

erratic.

As soon as B and C counters were back in full time

routine operation (early July) work was started on "A" counter,

with the assistance of Carl Brenninkmeijer. In the past it

had been generally assumed that when, after several years use,

a counter performance deteriorated, the most likely cause was

some change in the anode wire. This could be due to dust

particles becoming attached to the wire as build-up of carbon

or some other deposit, or pitting of the wire, etc. However,

when checked under an optical microscope the tungsten was

found to be as clean and smooth as that on the reel from which

it originally came.

The only visible change in the counter which could

be detected was a very fine coating of dust on the tubular

insulator at the rear end of the counter. In the past it has
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been a general practice when cleaning a counter to make and

install a new anode assembly (including wire, glass sleeve,

rear insulator, etc.)- This time in view of the condition

of the existing anode and the possibility that erratic

counting may have been due to conduction across the rear

insulator,because of the dust, it was decided to use the

original anode and only clean the counter with benzene, using

the normal techniques, paying particular attention to the

insulators. The background, which had been 14.2 cpm when

operating normally and had risen to 14.8 to 15-3 prior to

counter disassembly, showed little improvement after this

initial cleaning, the only noticeable change being a drop of

1OO volts in tho operating point.

Further cleanings were made (taking extra care to

keep out dust) using Analar petroleum spirit to reduce health

hazards. The glass insulators were cleaned with ethanol, as

was the counter-supporting cradle. The coupling capacitor,

insulators and cradle were all checked for leakage. The O-rings

were measured and all materials such as solder and solvents

were checked for radioactive contamination.

On re-assembly again no great improvement in background

rate was noted. It appeared logical that the cause of the

trouble lay in the rear tubular insulator so a new one was

made to a modified design. This had a ribbed surface similar

to a miniature power cable insulator. It was possible to

remove the old insulator and fit the new one,thus retaining

the remainder of th« original anode assembly. When the counter

was re-assembled the background had fallen to 13.8 cpm, at

which figure it, together with the oxalic acid count rate, has

remained steady.

From the above work it now appears that our main

cause of poor reproducibility of counting after several years

counter use is largely due to deterioration of the back

insulator, possibly physical/or electrical changes in the

pyrex glass due to the high voltage (approx. 8-5 kv) across it.

The facility of being able to open and inspect the

counter has contributed greatly to our understanding of the
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reasons for a deteriorating performance over a period of time:

An internal report by C. Brenninkmeijer on "Important Aspects

of C02 Gas Counting" discusses aspects of this work (INS-R-197).

More complete details of the above work is given in

an appendix of that report,written in conjunction with M.K.

Burr who has also nearly completed a report on the development

and subsequent performance of this counter.

During the period under review two high-voltage

power transformers have burnt out due to the failure of filter

capacitors. As both these components are no longer readily

available off the shelf^much time and effort has been spent

in trying to make do with second-rate replacement parts taken

from old disused equipment that in any place other than Shed 2

would have been disposed of years ago as being worthless.

When it is considered that this set of electronics

has been in continuous operation for well over twenty years

it is obvious that its replacement is well overdue. If it

is intended to retain this system some positive discussion on

its future must shortly take place between those directly

involved in its use and operation.

D.2.6.2 Carbon Dioxide Counter B - D.R. Currie

An approach has been made to the engineering section

to design and manufacture a 3-^channel sorter, using integrated

circuits to replace the obsolete valve electronics.

D.2.7 Methane counters

D.2.7.1 Methane C-14 (Fairhall) Counter - D.R. Currie

This continues to be used and several samples have

been counted. One sample counted was methane from a geo-

thermal bore. After unsuccessfully trying to freeze down the

methane from a mixture of gases it was found more practical

to oxidise the methane over heated copper oxide and then to

re-hydrogenate the resulting carbon dioxide back to methane
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D.2.7.2 Small,Methane, C-14 (Currie) Counter - D.R. Currie

This counter, to be used as a stand-by for the

Fairhall "mini" counter, has been wired and tested. The

background at one atmosphere is of the order of 1 cpm, and

that is -j cP m greater than the Fairhall "mini" counter. This

is tolerable but not as good as expected. Since it is an

experimental counter, the copper tube will be tried on its

own without the liner to see how effective' the quartz tube

really is. Part of the rather high background may come from

the lead bricks at the entrance to the counter enclosure.

One problem that has to be solved is the efficient filling

of the 1OO ml volume when only 100 ml of methane or CO is

available in the storage cylinder.

D.2.7.3 Methane C-14 (Fairhall), 1.4 litre Counter - D.R. Currie

Action is being taken to re-build this counter which

was destroyed in an accident two years ago. At the time,

initial attempts to re-build the counter were thwarted by

the unavailability of the particular quartz tube used in the

construction.

D.2.7.4 Combustion Bomb for Preparing Samples for the

Methane Counter - D.R. Currie

Initial attempts to use the combustion bomb, which

is another Fairhall legacy, failed when using the original

firing circuit, but success was achieved when a scope iron

6 V, 100 W transformer was used to fuse SWG 31 copper wire

above the sample. Several peat samples have been combusted

in the bomb and afterwards methanated for counting.

D.2.8 Liquid Scintillation C-14 Counter

The engineering section lias suspended work on making

this counter electronically operational.

D.2.9 Stand-by Inverter to Run Methane Equipment - D.R. Currie

A modified protection circuit has been developed so

that the square wave inverter will cut out on transient
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overloads. A filter has been constructed which yields a sine

wave output to run mains equipment. A limiter is incorporated

which trips the voltage out if it departs from set limits. In

normal operation the voltage never varies more than the

Electricity Department's supply, except during power cuts

when there is a slight but tolerable drop.

To prevent the mains frequency be.ating with the

crystal controlled inverter frequency, which would make the

output variable, a simple low-pass filter has been incorporated.

The whole no-break power supply assembly has now

been placed in routine operation. It has performed

satisfactorily through several power breaks and has succeeded

in keeping the methane counter and all associated electronics

in operation. With the new batteries purchased it has been

estimated that counting could continue for several hours

without the aid of the supply authorities' mains. The inverter

is now being kept in continuous operation running the methane

counter electronics.

Enquiries were made regarding a 'Stabilac'

stabilising unit ̂ but as the cost of this would be excessive

and because it is now considered unnecessary, the inverter

will be left exactly as it is. When time permits the writer

will tidy up the wiring.

"Novus Conversion" - D.R. Currie

A cheap Novus pocket calculator has been converted

to become a stand-by register should one be needed.

D.2.10 Geological Sample Contamination Investigation-D.R.Currie

A large sample of limit age paleosol from Lewis Pass

is available for experimentation, following the last Geological

Survey Conference in the area. Some of it was re-counted for

the survey and found to be of limit age. Some experiments have

been carried out by contaminating the paleosol with modern

organic material and experiments are under way to measure the

effect of acid hydrolysis decontamination procedures. The samples

which were rather low in carbon content were burnt in the

combustion bomb, using the improved method described earlier.



126.

To facilitate oxidation of peat samples the process of wet

oxidation has been investigated and some experiments run.

A letter has been received from Dr Erlenkeuser of Kiel,describing

his wet oxidation techniques. However as problems have arisen

with the practical glasabloving assembly this project has been

shelved. The method has big advantages over the combustion

bomb and indeed the combustion train method of producing COg.

D.3 Tritium in Environmental Waters - A.A. Gugelmann

and C.A.M. Brenninkmeijer

D.3.1 General

Mrs H. Anderson resigned owing to her ill health. With

her death,shortly afterwards, we have lost a competent and

happy collaborator.

All components of the new dating system started

operation in the period under review and gradually routine

measurements were introduced.

D.3.2 Electrolysis

Routine operation of the ten new cells started and

performance fulfilled most expectations.

Disregarding individuality of the cells the first

runs yielded a mean tritium enrichment factor of 59.9 ±3.8

(6.456). The fluctuations are to a large extent due to

irregular final volumes, but compare still very well with the

old system with an overall reproducibility of 7$. With more

experience and constant final volumes even much better

performance can be expected.

During the year under review 280 samples were

enriched, although in June power breaks seriously damaged

the power supply. Unfortunately another unit, ordered in

March, was administratively delayed and was therefore not

available to maintain production. Mid-August production was

then resumed and further samples (including spikes and

control samples) were processed. A major point to be clarified

was the accurate assessment of the system performance below

1 TU. The opportunity arose with a set of samples from the

geothermal field in Broadlands (see D.3.6).
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Further experiments with direct distillation from

the cells into a set of scintillation vials vere concluded

and a suitable procedure was established. Corrosion on the

cell bottoms can occur and modification of the cell design to

avoid this problem could become desirable.

D.3.3 Counting Procedures

A new high performance set of photomultipliers was

installed in the liquid scintillation counter and performance

again improved. Minor faults were repaired under guarantee,

resulting only in a few hours of lost counting time. The

counter fulfills expectations in every respect and

reproducibility was excellent, even under adverse conditions

(power cuts, fluctuating room temperature). 700 counting runs

were achieved for tritium alone. This confirms initial

estimates that one liquid scintillation counter reaches at

least the capacity of four gas counters in this application.

Several hundred runs were completed for Dr N.K.

McCallum from Chemistry Division (Toxicology) in an

investigation of cannabis metabolism. The low levels of

activity required careful preparation and long counting times.

General experience with low levels of activity proved very

valuable also in this experiment.

D.3.4 International Interlaboratory Comparison

An international interlaboratory comparison was

organised by the IAEA. We participated and analysed the

samples with the new system. In the following table the

results, as calculated by the IAEA, are presented along with

the results obtained by our measurements.

Sample IAEA (TU) INS (TU)

A 0.0<A40.2 <0.5

B 8.27<B<8.47 9-0±0.7
c 33.0<C<33.2 32.5±2.3
D 678.4 <D< 678.6 685 ± 27

The results were therefore all reported correctly. This is

of some importance as in this comparison the names of the

laboratories are published along with the results, as well as

the names of the contributors.
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For sample A eleven (out of kl) laboratories

reported erroneous results, illustrating the difficulties

below 1 TU. A discrepancy appears to exist between the

mass spectrometric determination (o.ll TU) and the results

measured by the IAEA (0.2 TU). It has been mentioned that

this could be attributed to the use of an erroneous tritium

half-life, which might have to be re-determined.

For sample B 33 out 39 laboratories reported results

within two sigma of the prepared value. For sample C the

total was 33 out of M . It is also interesting to compare

the errors quoted in the reported results. For sample B

only nine out of 39 laboratories quoted errors lower than

896. Among those are:

IAEA 5#

Saclay 5#

Ostlund, Miami Wji

The lowest detection limits quoted (apart from the mass

spectrometric analysis) are:

IAEA 0.3 TU

Institut fur Radiohydro-

metrie, Munich 0.27 TU

Heidelberg 0.1 TU

Witwatersrand 0.2 TU

La Jolla 0.1 TU

Miami 0.1 TU

Comparing now our system within the international context we

can say that:

- The reproducibility at 8 TU is better than most laboratories

even in its initial phase of operation.

The lowest detection limit fits among the seven best

laboratories (see also D.3-6).

- Our system is in any case by far the simplest and easiest

to operate, and is likely to be the cheapest as well.
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D.3-5 Hydrology

As summer 1975/76 was exceptionally wet, investigations

in the Waimea Plains should be carried out over a second

hydrological cycle. Tritium data from the lower capped

aquifer confirm that there is no large scale direct infiltration

from the Wai-iti or Vairoa Rivers.

D.3.6 Tritium in Geothermal Waters from Broadlands

A number of wells in the Broadlands field were

analysed. Only three samples are likely to contain less than

0.25 TU, the remainder showing some tritium, with the highest

result from well 23 at 0.77 TU. To ascertain contamination-free

processing, duplicate runs through all stages and processed

blank samples were analysed and evaluated with statistical

methods. The likelihood that laboratory contamination did

not occur has consequently been estimated to be better than

95% for this set of samples (internal report in preparation).

This enabled us at the same time to estimate the

achievable lower detection limit at 0.25 TU. In the range

from 0.25 to 1 TU the error for the overall result is dominated

by the error arising from the determination of the difference

between gross count rate and background. The fluctuation of

less than 756 in enrichment is in this case of little consequence.

The simplicity of the general concept in the new processing

sy3t^m is probably the main factor contributing to the

reliability at low tritium levels.
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D.k Radioactive Fallout - W.J. Mason

One sea water and two rain samples were analysed during

the period, as well as two soil samples for strontium-90. Use

was made of the new liquid scintillation detector acquired by

the tritium project to measure the alphas of Pu-239- This

proved very successful, giving a geometry of 100$ because of

the alphas' high energy. From the results it was possible to

estimate what to expect in the way of recoveries. Two methods

were devised: one, a new method, which can be used in

conjunction with our present rare earth analysis scheme; the

second was a slight modification of the most popular method

in the literature.

Ihe liquid scintillation apparatus was also used as

a Cerenkov radiation detector to measure the high energy

(approx. 2 MeV) betas of yttrium-90. This gave a geometry of

8.5 with a background of about 8 cpm. This is not sensitive

enough to use for measuring our fallout samples but it might

prove useful when we get a reactor, as a quick method of

monitoring beta radiation.

An order has been placed with the workshop for the

manufacture of a duplicate of the plating apparatus and

constant voltage DC power supply used by the thorium-uranium

project. Since that apparatus is not situated in a low

background laboratory we need another one.

The results of the soil analyses for Sr-90 were:

(1) 13 February 1976 114 pc/kg of topsoil

(2) 11 May » 103 " " " 2 5 ^

(3) 26 October " 127 "

Using some Pu-239 with known activity the necessary

parameters for the plating of plutonium on stainless steel

discs were measured. It was found that the plutonium half-

plating time was 10 minutes so that in one hour 98% of the

plutonium was plated. The optimum pH of the plating solution

was It.5. The discs were used to calibrate the Wide-beta

detector and the a spectrometer.
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Three environmental samples were counted, even though

we did not have any Pu-236 to measure the recovery factor.

Recovery figures used were those that we got from measuring

Pu-239 of known activity. The results were as follows:-

Rain: January, February, March 1976 0.057 pc/litre

Rain: April, May, June 1976 0.26 pc/litre

Sea wator - R51UO 0.0093 pc/litre

Results of radionuclides in rain water and coastal sea waters

are given in the table.

D.5 Dating by Electron-spin Resonance - N.E. Whitehead

During this period the samples under evaluition were

irradiated and had their ESR spectra recorded many times, using

standard pitch as a signal for normalisation. Puzzling

variations in intensity of peaks were observed, shifts in peak

positions, and inconsistencies in the results of irradiation

which led per force to a re-examination of the stability of the

ESR instrument, and a long series of reproducibility measurements

which were needed because supplied information about the instru-

ment was inadequate. These showed that

1. The reproducibility on a single sample under ideal

conditions was about 0.5% standard deviation.

2. The reproducibility on a typical specimen over a

single day was only about +2-5%*

3. The sample interacted in some cases with the signal

from the standard pitch in a way which varied with time,

(in this case water content may be the determining

factor).

Even with the reproducibility .as quoted above it is

apparent at this stage that time dependent phenomena follow

the irradiations - the spectra change shape and/or the inten-

sity of the peaks alters. Specimens like the Keilor cranium



132.

(one of those being examined) yield a spectrum so complex

that it may be undateable. It is clear that real changes do

take place on irradiation but because of the factor of slow

annealing of the radiation damage the previous spectra have

not always been examined at the same relative time, and

hence inconsistencies have appeared. The work continues.

D.6 Sediment Dating - W.J. McCabe, R.G. Ditchburn

D.6.1 Lake Taupo

A core from the southern half of Lake Taupo was dated

by the lead-210 method. A uniform sedimentation rate of 0.26
—2 — 1

±0.03 kg-m -yr was measured. The results however could

be interpreted as showing a change in sedimentation rate in

the mid-194Os from 0.18 ± 0.02 to 0.30 ± 0.03 kg.m2.yr~1.

This is reported in INS-R-183.

D.6.2 Lake Pukaki

The layering of the Lake Pukaki sediments have been

studied (irwin 1972) and the possible relationships of these

to annual or other cyclic events considered, with a view to

determining the rate of sediment deposition. There was

however no evidence to determine whether the rhytmic layers

in the sediments are annual deposits or controlled by flood

conditions. In the hope of resolving the question, radio-

metric dating techniques were applied to sediment cores in

which the concentrations of radionuclides such as lead-210

and caesium-137 were measured with respect to depth and then

related to some known input pattern.

Lead-210 and caesium-137 were determined in cores

L353, L354 and L358. Promethium-1^7 and cerium-l^ were also

determined in core L35^- No conclusions could be drawn from

the lead-210 results due to the high "supported" lead-210

values and the high sedimentation rate. The caesium-137
— 2 — 1

measurements indicate sedimentation rates of lh kg.m .y

for L353 and 17 kg.nT^yr"1 for L354 and L358. This is being

reported in INS-R-238.



HADI0NUCLIOES IN RAIM WATER - JANUARY-DECEMBER 1976

Station - Gracefleld, Louier Hutt. E 174°S5' S 41°14» Stainless Steel Collector 30.5 cm diameter

Sampling
period

October
November
December

1975
January
February
March

1Q76
April
May
June'

1976

July
August
Septembe

1976

October
November

1976

Rainfall
cm.

23.69

25.30

40.3

18.94

me/km

pe/1

me/km

pc/1

me/km

pc/1

rcc/km2

pc/1

me/km

pc/1

Cs-137
7 j = 30v-,

0.027

0.117

0.035

0.138

0.026

O.O63

0.042

0.073

0.016

0.084

Sr-90
• 28y.

0.022

0.099

0.022

0.088

0.020

0.050

0.024

0.042

0.012

0.064

Pm-147
2.S5y.

0.126

0.54

0.088

0.34

0.053

0.129

0.061

0.107

0.037

0.19

Ce-144
2B4d.

0.226

0.97

0.14

0.535

0.066

0.162

0.018

0.108

0.024

0.125

Y-91
59d.

0.026

0.11

0.017

0.046

0.18

0.10

Pr-143
13.7d.

aa-140
12.8d.

Nd-147
11.Id. 9 314 O /Sr9° Cs l37/Sr9Q |

1.18

1.56

1.26 ""

H

1-73

1.31

TABLE 2 - RADIONUCLIDE CONTENT OF NEW ZEALAND COASTAL WATERS

R.No.

5140/1

5281

Location

Makara

Makara

Collection
Date

8.3.76

30.9.76 .

Chloride
e/i

19.32

16.19

cs-137
^pc/l

0.052

0.050

Sr-90
pc/1
=28y.

0.036

0.029

Pm-148
pc/1

=2.65.y.

0.024

0.019

Ce-144
pc/1

=284d.

0.012

0.0064

Y-91
pc/1

0.003

Pr-143
pc/1

=13.7d.

Ba-140
pc/1

=12.8d.

Nd-147
pc/1

11.Id.

1.43

1.72
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E. Radioisotope Applications - W.J. McCabe

E.I Underground Flow at Broadlands - W.J. McCabe, B.J. Barry

In view of possible further re-injection tests requiring

between well tracer tests at Broadlands using iodide as a tracer

a sampling technique was developed that gave a counting

efficiency similar to that of the "in situ" continuous counting

system used in the 197^ Broadlands tests. The method involved

concentrating the tracer (iodine-131 as iodide) by shaking the

labelled bore-water sample with a small volume of iodine in 1,2

dibromoethane. The I /i1 exchange reaction which then occurs

resulted in virtually all the tracer being converted to I 2 and

efficiently extracted in the organic phase which was then counted.

E.2 Actinide Chemistry - W.J. McCabe,R. Ditchburn,N.Whitehead

The pH v. starting volts conditions for thorium

electrodeposition were established. In the early stages of this

work, low yields drew attention to the instability of thorium

solutions in weak sulphate medium, due to hydrolysis or

polymerisation. The starting voltages for cathodic deposition

ranged from around 1.3 V (w.r.t. a saturated mercury-mercurous

sulphate reference electrode) at pH h to 2.2 V at pH 2.5.

Optimum conditions lie between pH 3- 3.5 with an electrode

voltage around 1.9 - 2.0 V. Brief tests showed that plutonium

also deposits satisfactorily under the same conditions.

A plutonium source from an environmental sample was

counted. Sixty-two counts were recorded in 11 hours, in the

spectral position where the alpha emission of plutonium should

be. This seems very little, until it is realised that the

background on this counter is leas than one count in 2k hours.

Very low environmental levels can hence be detected.

Two fresh alpha detectors arrived (one proving faulty,

and requiring replacement), and a special commercial vacuum

chamber. Determinations of the background showed about one

count in Zk h in the region of interest in the spectrum. In an

effort to prevent the contamination through recoil fragments

that had spoilt the previous detectors, experiments were

carried out on running the detectors with a 9 V bias between the

source and detector, and having a carefully controlled amount
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of air in the chamber. It proved necessary to calibrate the

Pirani gauge used; its *eadings at either end of the scale

were in error by a whole order of magnitude. A special fitting

made in the workshop was used to couple the vacuum chamber to

the normal vacuum pumps we use.

Initially, considerable difficulty was experienced in

using this configuration because it was found that the back-

ground increased very considerably. This was due to an

inadequate contact in the detector connection.

Using the equipment, a source of Th-23** was counted.

Thorium-234 is an attractive tracer compared with Th-228

which is traditionally used. The advantage

is that it is a pure beta-emitter, and does not add (assuming

no impurities are present in it) alpha peaks to the spectrum.

This means that the amount used can be quite high, and the

overall precision improved. The alpha contaminants in the

Th-234 used proved to contribute less than 0.15 counts per

minute to the spectrum, even when the beta activity was about

1000 counts per minute.

The traditional isotope pair used for tracers has been

U-232/Th-228. Th-228 is a natural isotope, and hence there are

difficulties with its use - it might be in the sample anyhow.

It is usually considered necessary to determine its ratio to

U-232 rather precisely, but this is difficult since the gamma

emissions are weak and the alpha emissions are too close to be

resolved. However in the review period it was found that

differentiation was possible for these two isotopes if the

X-ray spectrum was taken although it is unlikely we shall

use this, other users may find it helpful.

Some preliminary work was done to investigate the

possibility of using U-237 as a tracer for this work. U-237

is unique amongst uranium isotopes in being a pure beta emitter,

and hence ideal for this work. The problem however is the

source. It has a half-life of 6.7 days and is not available

commercially. Worse still, it is required that it be free of

other uranium isotopes, i.e., carrier free. Thus there is no

point in making it by such a reaction as U(n,2n). The
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nuclide is a daughter of Pu-24l by a minor decay (the decay of

Pu-2^1 is mostly by betas, with a very small alpha branch), but

Pu-2Ul is not available commercially either as a pure nuclide.

However it transpires that technical grade plutonium-239 is

available and contains a reasonable amount of Pu-24l.

Calculation shows that there should be significant U-237

present,and insignificant amounts of other isotopes. It also

follows that some of this may be available from Pu-238, which

also may contain significant quantities of Pu-241. A source

of Pu-238 was therefore counted using gamma spectroscopy, and

peaks probably corresponding to U-237 were seen. When we have

suitable facilities it may be possible to lead the Pu-238

solution onto a cation exchange column (where it sticks

tenaciously) and milk off U-237 at leisure.

E.3 Atmospheric CO., Project - D.C. Lowe

The New Zealand atmospheric COp field station is an

important link in the World Meteorological Organisation's (WMO)

proposed baseline monitoring stations. For COp measurements

from different stations to be comparable it is essential that

all calibrating reference gases be directly •• ^aceable to a

primary reference gas system. Scripps Institute of Oceanography,

California, has been designated as this laboratory by WMO.

During the report period we performed 26 reference gas tests.

This involved checking and crosa-checking the response of the

two infrared analysers at Baring Head with a range of reference

gases at different CO™ concentrations.

We discovered that the old analyser, a Hartmann und

Braun URAS 1, was non linear with respect to the WMO gas

calibrating system. Fortunately we were able to devise a

quadratic calibrating curve which adequately represented the

results of the URAS 1. The study of this problem was undertaken

by D.C. Lowe during a 3^-nionth visit to Scripps from July to

October. The new infrared analyser, a Hartmann und Braun URAS 2T,

was found to be linear with respect to the WMO calibrating

reference gas system. This proved to be an excellent double

check on the calibrating curve system derived for the URAS 1.
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Until recently all gases supplied by the WMO

laboratory at Scripps have been mixtures of CO- in N_. However

it has been discovered that oxygen has an effect on CO_

adsorption because it causes pressure broadening of the CO-

adsorption bands. This effect is the subject of study at the

WMO laboratory and we are assisting by measuring WMO C0 2 in

air reference gases at Baring Head. After determining the

extent of the oxygen pressure broadening effect on the analysers

at Baring Head we plan to use C0~ in air cylinders only as

reference gases. Baring Head is continuing to provide a

valuable record of the seasonal and secular changes of atmospheric

C0 2 in the South-West Pacific.

E. k CO,, Levels in Cylinders - B. Barry

Cylinder levels were monitored at the factory of Pinchin

and Johnston Ltd (twice) and on the Union Sydney and the Union

Wellington. M.S. Martin Ltd, the company for whom this service

was provided, have now purchased a commercial instrument so

our services are no longer required.

E.5 Waimakariri River Estuary - W.J. McCabe, B.J. Barry

A 12-hour (one tidal cycle) injection of 2 curies of

iodine-131 was made at a proposed sewer outfall site in the

Waimakariri River, approximately 3 km from the mouth. The

movement of the tracer was followed for 20 hours in the river

and in Brookland's Lagoon (near the mouth) to determine tracer

dilution ratios and the rate of removal.

A linear superposition method was used to predict the

results of a constant rate injection on a continuous basis

from the single injection cycle data. Under the flow conditions

of the test any tracer injected during one cycle will be

flushed out to sea before the end of the next cycle, thus

indicating little build-up of concentration above that being

produced in the current cycle. Little mixing between fresh and

salt water occurs. A report, INS-R-220 is being prepared.
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E. 6 Flow Measurement - B.J. Barry-

It now appears that if the dilution method of flow

measurement is to be carried out with incomplete mixing a

measure of the flow variation across the stream must be made.

Obviously if this could be done accurately and with a properly

calibrated meter the dilution method would not be used (even

if complete mixing was possible). However the dilution method

with incomplete mixing can tolerate some inaccuracies in the

measurement of cross stream variation. This was shown

initially by generating random errors in predetermined cross

stream flow measurements and testing their effect on the method,

and subsequently by developing equations (with the help of

Dr K. Lassey) to describe the effects of various errors.

Generally, provided the degree of mixing is not too low, the

flow measurement by the dilution method is significantly better

than by the direct method.

A paper is being prepared for publication on this topic,

E.7 Dryness of Steam - W.J. McCabe, B.J. Barry, R.G. Ditchburn

The group was asked to measure the dryness of the steam

produced by a boiler at the New Plymouth Power Station. The

usual method is to measure the amount of sodium carried over

into the steam from the sodium phosphate inhibitor usually

present in boiler water; perfectly dry steam would give no carry

over. This can not be done at New Plymouth, as highly purified

water is used in the boilers. Thus a tracer method was used,

Na (10 mCi) being added to the boiler water. The amount of

sodium carry over was then measured by taking 10 litre samples
3

of condensed steam, concentrating the sodium on a 10 cm column

of Dowex 5OW-X12 cation exchange resin and counting the resin. This

count was compared with the activity of samples taken directly

from the boiler.

The system was shown to be operating at at least 99.999$

dryness/ well within specifications. A report on this work has

been written (lNS-R-192).

E.8 Heretaunga Plains Investigation - W.J. McCabe, B.J. Barry

Preparations have begun for underground water tracing
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experiments at the Heretaunga Plains near Hastings to be carried

out in January 1977- It is proposed to make a series of

injections in one bore and then to monitor several downstream

bores continuously for some days. It is hoped to be able to

measure dispersion in three dimensions as well as longitudinal

velocity.

Preliminary tests on columns of gravels from the region

indicate that I and Br~ will be suitable tracers. The safety

assessment has been written and approval been given.

E.9 Boron in Timber - W.J. McCabe

A fast qualitative test for boron in timber was required

to regulate the amount of waste borated timber used as furnace

fupl because too high a proportion causes damage to furnace

hearths due to molten slag formation. We attempt to provide
TO 7

such a test by using the B(n,a) Li reaction which produces a

prompt 478 keV y-ray. However the backgrounds produced by neutron

irradiation proved to be too high so the attempt was abandoned.

This problem was referred to Chemistry Division with a request

that a more satisfactory dye for boron-treated timber be

investigated.

E.10 Movement of Wood Chips in a Pulp Digestor - W.J. MoCabe

B.J. Barry and R.G. Ditchburn

Problems arose in a wood-chip digestor at the Kawerau

Paper Mill. This machine chemically treats wood chips to produce

paper pulp in a continuous process. It consists of a 60 m high

5 m diameter tower down which wood chips move through a

digesting solution with a transit time of approximately 6 hours.

"Holdups" were occuring in the tower with consequent loss of

efficiency. The group was asked to trace the movement of chips

through the tower in an attempt to find the "holdup" points

and to determine the transit time through the digestor.

Experiments were performed with three separate titanium-
140

encapsulated 100 mCi La sources manufactured to correspond

in size and density to wood chips. The isotope was chosen for

its short half-life (kO hours) and its relatively high y energy

(1596 keV). The source was tracked by detectors held on the
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outside of the tower, which was accessible from platforms. Tlie

sources were successfully followed in five experiments. Under

the condition existing at the time of the tests the sources

moved uniformly down the tower, although in some cases they

circulated in the highly turbulent top section for some time

before being trapped in the chip mass.

A report on this work is being prepared, INS-R-219.

E.ll Radioactive Abrasion Testing - W.J. McCabe, R.C. Ditchburn

Abrasion tests, using the radioactive Waring blender, on

some recently manufactured papers showed no correlation with

cutting tests made at the manufacturer1s plant. Under normal

test conditions all materials would be classified as being of

low abrasion. From considerations of the effects of water on

the properties of both wood fibre and clay particles it was

decided to run the tests with a non-wetting medium - kerosene.

Subsequent tests on finished paper with media of a range of

dielectric constants from 78.5 (water) to 2 (kerosene) showed

a large inverse variation of the measured abrasion. Wood fibre

showed little variation,while clays showed increases or

decreases depending on their type. However, clay and fibre

mixtures showed no simple relationship. Interaction of

particles and fibres, which depend on factors such as clay type

and percentage, fibre, previous processes, particularly drying,

can produce abrasion effects greatly in excess of those of the

individual components.

E.12 Burnham Underground Water Flow - W.J. McCabe, O.J. Rowse

Sewage from the Burnham Military Camp is treated by

retention in a pond and the effluent from this is disposed of

into a border dyke irrigation system. The liquid carrying any

dissolved solids, bacteria and viruses not removed by the soil

eventually finds its way into Hie underground water system.

Seven investigation wells, about 20 metres deep, have

been sunk along the expected direction of flow of the underground

water from the disposal area. While chemical analyses of well

waters have given no clear evidence of contamination from this
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of Lincoln College, have shown a relationship between irrigation

of a particular strip and subsequent bacteria levels in the

downstream wells.

The aim of the investigation was to determine (l) how

quickly the effluent moves from the surface to the groundwater

system and (2) the -velocity of the underground water flow.

A radioactive tracer, iodine-131, which has a half-life

of 8 days, was chosen because the travel times between bores

were expected to be several days and because of its expected

low absorption on the soil. 1OO mCi of tracer was injected

into the effluent race at the head of the irrigation channel

and the bores downstream monitored with six detectors during

the following week. No activity appeared. Investigation of the

activity retained in the top 50 cm of soil showed practically

complete absorption of all the activity in the soil. The

reason for this would appear to be the highly organic nature of

the soil in the border dykes compared to the normal soil in

that area which shows little absorption of iodide. The second

objective was achieved however when a two-well test showed a

between-well velocity for the tracer of 164 m/day, which

confirms the results obtained by Dr Moonan. This work is

reported in INS-R-189.

E.13 Radon Estimations - N.E. tfhitehead

The method of radon estimation mentioned in the last

six-monthly report was applied to a variety of problems.

E. 13.1 Earthquake prediction

It has been shown that variations in radon in ground-

water may be related to earth movement prior to an earthquake

(Scholz et al. (1973) Earthquake prediction; a physical basis.

Science 181, 803-810). Accordingly, in conjunction with

Geophysics Division, a programme has been initiated to monitor

radon in spring waters originating near faults. The first

spring tried ( a natural spring in Wellington) gave low results,

and on inquiry it proved that the spring had caused a number of
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Therefore the local drainage board had, unknown to the general

public, sealed the spring and instead ensured that the water

flowing out came from the mains. The public still thinks the

water is "pure" spring water. Such a water source,however

health-giving, is not germane to our purpose. Accordingly,

water from a well on the Geophysics Division property is now

being sampled. It is not thought to come from a great depth,

and since New Zealand's earthquakes are deep seated no changes

may be observed. A complex courier system has been initiated

to get samples out here on a regular basis.

Many ground water samples from the well at the Kelburn

Geophysical Observatory were analysed in duplicate during this

period. It was found that most bottles contained a little mud,

and this usually had some of the radon daughter products

adsorbed on it. This made the assay much more complicated. The

mud is filtered off and counted separately, and the volume of

the solution must now be measured, because daughter products

from that volume are adsorbed on the mud. Generally the amount

of activity on the mud proves to be about half the amount in

the water itself.

After 35 assays, there did not seem to be any correlation

between the radon content of the water and the earthquakes

recorded, but the programme will be continued for a few months.

Another approach was tried simultaneously. A scintil-

lation probe,such as is used in sewage tracing,was lowered down

the well and the counts recorded in a cassette. The system

was allowed to run for four days, and the cassette was output

onto paper tape via a new microprocessor system by Mr Bruce

Spedding. It proved to consist of small variations on top of

a constant background. The constant background is due to the

rocks surrounding the probe and the variations are due to

changing contents of radon and its daughter products. Since

it is not possible to know how much of the signal is actually

due to the rocks the assay is not very satisfactory. However

the changes proved to have a very strong negative correlation

with the atmospheric pressure, lower pressures causing release

of radon from the rocks.
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These disappointing results covild possibly be due to the

depth of the earthquakes in New Zealand.

Another experiment was carried out at the Wairakei

Geothermal Power Station. The scintillator probe was left in

the outlet water for nearly two weeks. The bore field at

Wairakei is slowly subsiding, and a micro earthquake happens

every few weeks. This seemed to be a very R° jd place to test

the usefulness of radon emission as an earthquake predictor.

Only a daytime analysis was possible because the outlet level

is lowered by many feet during the evening. The results showed

substantial variations, but none of these correlated with the

small earthquakes which occurred in the observation period.

Analysis of the results still continues.

E.13.2 Radon Estimations at Wairakei and Broadlands

A field trip was undertaken to measure radon contents

in bores in the above geothermal fields. The purpose was to

determine the amount of radon being emitted by the geothermal

power station. Although figures for radon content were given

by Belin (Geochim. Cosmochim. Acta l6_, 182-9-1,1959) for the

various fumaroles in the area, it was not clear whether they

would be the same as the amounts emitted by the bores. Volatiles

from the bores were introduced into a flask containing sodium

hydroxide to dissolve all gases except the noble gases and

hydrocarbons. When sampling was complete the gases were trans-

ferred to another flask containing lead and bismuth carriers,

by boiling the contents in the field and sweeping the gases over

by the steam generated. The second flask was then shaken during

the normal equilibration period of three or four hours, and

treated as a normal sample. Replicates agreed very satisfactorily.

Six Wairakei bores and two Broadlands bores were sampled,

also the Waikato River itself, the gases emerging from the stack

on the roof of the geothermal power plant and the radon in the

cooling water/condensate mixture which flows back into the river.

Another field trip tried to analyse mainly the Broadlands bores

for radon, but did a small amount of re-sampling of the Wairakei

system. Eight bore emissions (nos 8,17,18,22,23,25,27,28) were
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analysed and sometimes re-analysed. In all cases the condensate

was analysed as well as the gases. Only bore 27 and bore 28

had measurable activity in the condensate.

The Broadlands bores were much more uniform in radon

content than the Wairakei bores, and the field contains a very

much larger amount of gas. The end result of this is that an

order-of-magnitude calculation shows that the gases of a power

station using Broadlands steam would already contain radon

diluted to little more than the radiological maximum permissible

concentration.

Re-analysis of the Wairakei stack gases gave slightly

lower levels than last time, but still close. Re-analysis of

one Wairakei bore gave results lower than last time. In

contrast re-analysis of Broadlands bores gave results similar

to the previous field trip. It may be that the Broadlands field

is less variable, or that when the steam from a field is used

for power production the field varies with time.

From a health physics viewpoint one needs to know how

much radon is already in the atmosphere around the fields.

Accordingly, two types of assays were performed to determine

this. It is necessary to determine the total radon content and

the amount of daughter products attached to dust particles. The

amount attached to dust particles is important. If radon

daughters (which deliver the bulk of the dose) enter the lungs

in that form, they are swept out again by ciliary action.

However, if the air is very clean the atoms remain fixed to the

lung surface and deliver their dose.

An air sampler was taken to Wairakei and dust was

trapped on a retentive filter in three locations; Taupo township,

the Chemistry Division laboratories, Wairakei, and inside the

Wairakei Power Station. In no case could any radioactivity be

detected on the very small amounts of dust collected, meaning

that the air is very clean, and radon daughter products will

deliver near their maximum possible dose to the lung.

Another apparatus was used to trap radon from the air.

It depends on drawing air through a bubbler to remove most of
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the dust (which proved to be unnecessary in this case) through

sodium hydroxide pellets to remove the water vapour and carbon

dioxide, and then through silica gel at near the temperature

of liquid nitrogen. A 25-litre Dewar flask of liquid nitrogen

was taken into the field, and lasted for more than a week. This

implies that it could be. possible to take an apparatus for (X,X*)

spectrometry into the field, as found by the Australians. The

silica gel was left to accumulate daughter products and counted

in the Nal(Tl) well crystal. Radon was do:jcted, though near

the limit of sensitivity. In general the air in all three

regions contained 0.05 pCi 1~ which is typical of some of the

lower figures in the UNSCEAR report. The main consequence of

that assay was that any emissions from a power station would

need the minimum amount of air to dilute the rador to the

maximum permissible concentration. If there had been a much

greater amount of radon present in the air naturally, the amount

reyuired to dilute the emitted radon would have been much greater.

Pieces of cellulose nitrate film,which is sensitive to

alpha particles and acts as a long-term integrator of radon

concentrations in air, were left in various locations. Analysis

of these is incomplete.

The above results mean for Wairakei that (when the

different radiological efficiencies are allowed for) for power

generation systems of comparable electrical energy output a

geothermal power station emits about as much radioactivity into

the air as a boiling water reactor, which in turn emits about

180 times as much as a coal-fired power station, which in turn

is about JjlO times as much as is emitted by a pressurised water

reactor. These geothermally emitted levels need substantial

dilution to reach the maximum permissible concentration in air,

but this should be achieved by the stack system in operation

at present.

A standard NBS radium solution was used as a source of

radon for standardisation, by bubbling air through it and passing

the radon into an evacuated flask. Highly erratic results

were obtained. It was suspected that the bubbling apparatus

lost radon through absorption onto the plastic

surfaces in it, and an all-glass apparatus was made with ground-
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airtight for the equilibration period of a week or so required,

and in addition it was not wholly water-tight, so a new version

was designed using all-metal valves from an old sulphur isotope

line.

E.13.3 Radium Estimations in Coal

The radioactive contents of New Zealand coals do not

appear to be known. Of special concern is radium because it

is known to be emitted via the stack, and is a thousand times

more harmful than the radon,which is its daughter product.

The standard radon assay for the ground waters is not

directly usable for coal, or coal solutions, and we have already

found that direct gamma counting using a 70 cm Ge(Li) detector

is not sensitive enough. A method was evolved for this at the

end of the review period, using the liquid scintillation equipment.

The coal is ground to about 70 mesh and ashed at as low a

temperature as possible, it is then solubilised via a pyro-

sulphate fusion (Sill, C.W. (l96l) Anal.Chem.2l(l2), 1684-6),

and the resulting solution in HC1 is put in the apparatus used

for radon estimation of air. It is degassed and the radon

allowed to accumulate for about one day. It is then degassed

again and the radon collected in silica gel over liquid nitrogen.

The silica gel is poured into a vial containing scintillation

fluid and time allowed for equilibrium between the radon in the

gel and the solution. The solution is poured off, the gel

washed and the washings and solution are counted. The fridge

motor causes spurious counts to appear, and there is another

spurious count contribution from the mains. However, usable

data can be obtained. The sensitivity appears to be about

0.4 pCi g~ . At the end of the review period positive results

had been obtained from one coal, but there was a substantial

contribution from the reagents, and this was being investigated.

E.13.4 Radon Estimations in South Island Hot Springs

This work was completed. The chemistry involved had to

be modified because of the presence of hydrogen sulphide in

some of these waters. The overall results ranged from 137 to

1830 pCi 1~ which are in the low range of the results of



Xk7.

Belin (Geochim.Cosmochim.Acta X6_, 182-91, 1959),which ranged

from 800 to 320,000 pCi l"1.

Some shale horizons of unusual radioactivity were

encountered during the drilling of the test holes in the Maui

field. These horizons were traced (as it was thought) onto land,

and samples were submitted for analysis. They proved to be of

an overall level which correlated with the shales found in the

wells, and confirmed the presumed stratigraphy. Since such

shales often contain high uranium contents gamma spectrometry

and (X,Xf) spectrometry was performed on them, but the amount

present was low.

E.lit Miscellaneous

Two separate services were performed for Ashley

Wallpapers Ltd, Porirua. Firstly electrostatic field gradients

were measured in regions where radioactive antistatic devices
Q e

were later installed. Secondly the installation of a Kr

thickness gauge was supervised.
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F. Instrumentation - J.D. McCormick

F.I Mechanical - L. Wyatt, A. Jalil, J. MacKintosh, C. Long

F.1.1 Variable Energy X-ray Tube - L. Wyatt

The construction of a variable energy transmission

X-ray tube to be used for trace-element analysis by energy-

dispersive X-ray fluorescence has been started during this

period under review. The main body of the tube has been

machined from a block of 304 stainless steel, this type of

construction being preferred to reduce the incidence of leaks

which can be a problem when a welded form of manufacture is

used. This main body is in effect the vacuum chamber and is

provided with five flanged parts, whichswhen fitted with their

mating flanges, provide for the fitting of the following parts:

1. exit window,

2. electron gun,

3. flange incorporating a shut-off valve for coupling

to the vacuum pumping system,

k. rotary seal for the anode selector,

5- flange with Teflon anode socket.

The stainless steel rotatable turret (anode) is hexagonal in

shape with accurate indexing being provided by spring-loaded

plungers. Each face of the hexagon is fitted with a collimator

tube and the anode foils are a press fit into these tubes. This

turret provides for three selectable energies.

Initially all the flanges were made with 0-ring

grooves, and sealed with Neoprene 0-rings. However,subsequent

modifications have been made in favour of indium wire seals,

which has involved re-machining of all flanges, etc. Work on

this equipment is proceeding.

F.I.2 Repairs to Cobalt Source - L. Vyatt

A fault which developed in the hydraulic mechanism

would not allow the source to stay in the "up" (exposed)

position. The trouble was located in a faulty solenoid-operated

quick-return valve which was replaced.



F.I.3 BrF_ Vacuum Line - L.tfyatt

With the need to replace the existing rotary vacuum

pump which operates the Toepler pumps on this vacuum system,

a complete overhaul and re-positioning of the existing control

units, pipework and valves was carried out.

T.l.k Miscellaneous - L. Wyatt

A number or relatively small items were also completed:

Modifying rain gauges (M.K. Stewart). A work table for the main

office. Repairs to the flat-top trolley (Mass Spectrometry Lab.).

Machining electronic panels (D.Lowe). New vacuum Dewar

holders (M.Cox). Steel frames to support clean-air modules

in the rubidium-strontium labs, together with a special

aluminium flange for the ducting in these laboratories.

F.I.5 Underwater Probes - J. MacKintosh

Probes nos 1 and 2 were altered to suit 2" crystals

by changing the spacer around the dynode chain and shortening

the mu-metal shield. The original design was for 1" crystals.

F.I.6 Component Box for IEEE Interface Controller - J.MacKintosh

The component box was manufactured in aluminium to fit

a 19 inch rack. Square section bars were inserted with slots

equally spaced for the mounting of electronic equipment. Both

front and rear panels were milled to precision measurements

with numerous holes and slots to suit various components and

switches.

F.I.7 BrF- Line - J. MacKintosh

Manufacture of 2 KEL-F reaction tubes to a new design

for use at temperatures of 100° to 150°C, the wall thickness

being thinned (0.2 cm) to allow reasonable visibility, was

completed. Nickel flanges without 0-ring grooves were also

manufactured, the whole being part of renewal of the BrF_ line.

Overhauling of the system in co-operation with L. Wyatt was

also carried out.



150.

F.I.8 High-vacuum System,Engineering Division - J. MacKintosh

0-ringa were replaced with indium wire seals, requiring

all blanking plates to be replaced? a high standard of machined

surfacing was needed. The diffusion pump was also stripped down

and new 0-rings fitted.

F.I.9 Cobalt Source - J. MacKintosh

A complete overhaul of the cobalt source was carried

out. This involved the dismantling and fitting of new seals on the

piston, re-soldering of joints and connection on the oil reservoir

tank, flushing out the hydraulic system and re-filling with

brake fluid oil, overhauling the hydraulic pump, repairing the

automatic lock on the outer door and testing the system on

completion.

F.I.10 Geneva Wheel - J. MacKintosh

A 12-station Geneva wheel with a hydraulic piston was

installed to assist in the filling and emptying of the sample

bottles is in the course of construction. Various indents

in the base of the Geneva wheel were precision-machined to

assist in locating station positions.

F.I.11 Miscellaneous Items - J. MacKintosh

Interface box: to convert one interface box into two,

appendages for hinges and lock-screws were milled.

High-temperature reaction bombs: the surface inlet

to two reaction bombs and one lid were re-seated. The seats

of the inlets to reaction bombs and on.0 lid were re-machined.

Homogeneity coil supports for the NMR machine: two

plastic discs (267 mm dia, 3-17 mm thick) with grooves(3 mm x

2 ran)with rounded corners were Machined to enable the winding

of a fine wire on the coil without damage. The thickness of

six gradient nylon coils for the NMR machine was reduced by

1 mm.

A flow-tube holder for the cobalt-60 source was made.

New cables to a number of underwater probes were fitted*
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Repairs were made to water switches on vacuum lines, replacing

stainless steel bellows with copper bellows. Machined to

. design a stainless steel spindle for the electicde deposition

apparatus. Manufactured a new teflon collar for the Si(Li) detect'

cryostat. A stainless steel shaft for the motor drive of a

blender was made and fitted with new bearings. The vacuum

pump for the MM602C mass spectrometer was overhauled, fitted

with a new belt and tested.

F.I.12 60-litre Water Sampler - A. Jalil

Ik
An extensive study of C in the oceans around New

Zealand required a water sampler, meeting the following

requirements: l) Sampler to operate in a rugged environment;

2) to be convenient for one person to operate from a low

hydroboom without the aid of a crane; 3) a short turnaround time

at the surface; k) lightweight and compact; 5) reasonably low

in cost compared with the commercially produced Bodman bottle.

The INS's Mark 1, 60-litre water sampler was designed,

drawn and constructed in the Engineering Workshop. The

construction of the water sampler is shown in Fig.l. Only

the unique features are given in the description, the rest of

the design is not critical. The three main features are: body,

or tank, valving mechanism, and the release mechanism. The

body is made of a known casting thickness of 10 mm, comprised

of two halves machined and argon-arc welded. The only

modification involved machining two circular probes on the top

and bottom of the tank.

Construction of the valving and the release mechanism

is the most important improvement to the system. The upper

and lower aluminium valves are welded to the top and bottom of

the leg. The counter-rod is held in the release mechanism by

the sear, and the stainless steel spring A applies 15 kg of

force to the top of forced collar A. The upper valve is mounted

on a sliding sleeve and nests on the valve seat. When the

release mechanism is triggered, the assemblage is forced downward

by a spring(A).As the valve seats,spring B divides the force

applied to collar A equally between the two valves. The diameter
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of the lower valve is 13 cm and of the upper, 16 cm in diameter,'

thus allowing the entire assemblage to be removed through the

upper valve seat. The valves are formed from 20 mm thick •

laminated neoprene, sandwiched between two 8 mm stainless

steel plates, machined and held by eight no.li stainless steel

screws; they have proved to be leak-tight.

The basic parts of the release mechanism are

illustrated in Fig.2. It is a scan-type release. The three

moving parts are mounted in a stainless steel cylindrical

block 15 mm thick, machined and bored to receive them. The

release block is made of type JOk stainless steel in two halves.

The mechanism is positive, easy to cock and operates reliably

with a standard Nansen bottle messenger.

The operation of the unit is as follows: A detachable

cocking lever is inserted into the holes provided in the legs,

the centre rod is levered upward about 12 cm until the sear

clicks into the notch in the centre rod. The unit is ready for

lowering. The sampler is lowered to the desired depth and

flushed. A Nansen bottle messenger is then dropped and the

unit is raised. It can be left hanging on the hydrowire while

it is drained. After another stroke with the cocking lever

it is ready to take another sample. The average turnaround

time is 10-15 minutes.

F.I.13 Furnace for Sulphur Isotope and Oxygen Extraction

System - A. Jalil

Modifications were carried out on the furnace to

suit both systems. A new stainless steel cover was made and

the furnace was mounted on a bracket,provided with four stainless

steel wheels with the angular tracks screwed firmly to the bench.

The furnace can be moved along the bench from one system to the'

other with ease. To this, a new temperature control unit was

also installed.

F.I.14 Internal Heating Vessel on the Oxygen Extraction

System - A. Jalil

This comprises two copper arms, which are water-cooled
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by smaller diameter copper tubing inside them. This arm

terminates in two nickel blocks 5 am square, which have

tapered holes. Tapered pins hold a platinum boat firmly into

the block, and copper arm carries the current from a small

transformer. The boat can be heated to 1400 C without

appreciable rises in the temperature of the arm.

F.I.15 Vacuum Distillation Unit - A. Jalil

This unit is an additional part of the tritium

enrichment unit. It consists of five major parts:

1. Vial holder and accessories.

2. Cooling perspex tank enclosed in an insulation

wooden box.

3. 10 mm thick perspex cover provided with ten

holes bored to receive the vial holder.

k. Neutralisation manifold; this is made of 2k mm

dia. stainless steel tube, 900 mm long, which has ten holes

2.6 mm in diameter and 70 mm apart. One end is blanked off

and provided with a mercury manometer of 0-100 cm graduation.

5. 10 ism thick asbestos drying unit, machined,

holes bored aiui equally spaced to accommodate the electrolysis

cells, and also provided with a clamping unit to the existing

oven.

F.I.16 Rack for Air-sample Projects - A. Jalil

This system was installed at the Baring Head Light-

house. The important improvement to the system is to enable

the operator to work with greater flexibility and versatility

when running reference gas and the calibration test. A storage

for spare air cylinders when not in use is also provided.

F.I.17 Miscellaneous - A. Jalil

During this period several small and urgent jobs were

undertaken: repaired the leak on RF heater cooling radiator;

a trolley/stand was made for the vacuum laboratory for trans-

porting nitrogen; also cutting and welding 2.5 mm steel tube

for the gas cylinder rack was completed.
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F.I.18 Plastic Die for IEEE Bus Extension Lead Plugs - C.Long

The first project undertaken for the year was a

plastic moulding die for the manufacture of IEEE bus extension

lead plugs. The die was made of brass and in two parts.

Extensive development was required to produce a die and

manufacture a finished product that was acceptable for wiring

and assembly. A plastic material that has good insulation,

good impact strength and aesthetic qualities had to be used.

PVC was found to have these qualities, and a blue coloured PVC

was eventually used. The jig was made to hold the assembly

and locate the cable clamp holes for drilling. A special screw

was designed so that two or more of the plugs can be screwed

together and fixed to the panel for security. The screws were

made to INS specifications by a commercial firm.

F.1.19 Stainless Steel Bellows Assembly - C. Long

Two stainless steel bellows made by an Australian

firm were argon-arc welded to two stainless steel flanges,

for the accelerator physics group. The flanges were machined

from O-ring vacuum seals and had six fixing holes drilled to

match the existing accelerator beam line. Two sets of

stainless steel O-ring holders were made but these were later

not used, as the flanges were re-machined for Indium wire

vacuum seals.

F.I.20 Wood Microdensitometer - C. Long

A project started during the year but not yet completed

is a wood microdensitometer, being developed for the Forest

Research Institute. An Fe X-ray source is used to pass a

beam through a woo4*-.Sample. The beam is detected by a thin

Nal(Ti) scintillation detector, the pulse electronically

analysed and the varying density of the wood recorded.

F.I.21 Miscellaneous - C. Long

A number of small jobs were done during the yean

these include a new set of gears in the apron of the Colchester

master lathe; repairs to the turret on the Dean Smith and Grace

lathe, and a number of vacuum pumps were also cleaned and repaired.
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a set of steel vice jaws for sealing thin-walled tubes; a disc •

drive motor for a computer was repaired; modifications were made

to the hot probe in the D/H mass spectrometer, a stand was

made for the microfilm cabinets in the library and a trolley

for laboratory no.9«

F.2 Scientific Glassblowing - J. Judd

Due to unavoidable circumstances no report was

available on the work of the glass laboratory for 197° • The work

for this period will be covered in the 1977 progress report.

F.3 Electronics

F.3.1 NMR Updating - W.H. Heald

The sample temperature controller has been completed.

This completes the construction of all units which it was

intended to make when this job was commenced. However, it is

now intended to replace further sections of the equipment,

and design has started on the input gating circuits for a new

R.F. transmitter, and on the tuned amplifiers for a new

frequency synthesiser to replace the existing V.F.O. and

synthesiser.

F.3.2 Rb-Sr Laboratory - W.H. Heald

The installation is now almost complete, but some

tradesmen are slow in finishing their work in the clean room,

and until all this is ready, no use can be made of the

facilities.

F.3.3 Binary Decoder Driver - J.W. Plummer

A total of 25 drawings were completed for inclusion

in the manual (INS-M-28 Feb.1977). Component and wiring lists

were also compiled. The equipment was connected to the PDP-9

computer successfully by J. West, without needing modification.

This completed the final test on line driving and signal

requirements for the PDP-9 input.
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F.3.i» Interface Bus (IEEE 488 - 1975) - J-W. Plummer

The interface controller unit provides the electrical

and logical compatibility of signals between the PDP-9 computer

and the IEEE bus. Therefore under the control of the computer

the instruments send and receive data via the bus.

The design of the controller unit was completed by

mid-March and a suitable flow chart for computer program test

was provided for K. Aldous by April. The controller was built

and tested in the computer chassis by mid-August, ready for

computer programming.

K. Aldous was given continuous aid in the instructions

required to control the keyboard, printer and digital voltmeter,

which form the present system on the bus.

A paper was presented by J.V. Plummer at NELCON on

the implementation of the IEEE bus.

F.3.5 Microprocessor SC/MP Kit - J.W. Plummer

This year low-cost microprocessors became available.

These are suitable to replace large parts of conventional

logic systems. Therefore a study of these new concepts was

started in September and familiarisation by building up the

SC/MP kit and writing machine code programs. The engineering

section demonstrated this microprocessor's capability at the

INS Open Days in November.

F.3.6 Aldermaston Micromass-30 - N.B. Spedding

A secondary interface to allow the interconnection

of the micromass-30 to the standard IEEE instrument interface

bus nodules has been designed and built. The secondary inter-

face allows bus control of the field memory unit (FMU) cycle

initiation and the Dana digital voltmeter. The unit generates

all the necessary signals for the bus modules, including up to

eight bytes of composite data from the two circuits.
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F.3.7 Microprocessors - N.B. Spedding

Three microprocessor development kit systems have

been purchased by the electronics section for evaluation with

regard to applications within the Institute, including control,

data processing and data presentation. All three units have

certain common characteristics, including the ability to

communicate via teletypewriter (TTY), a resident debug (fault

finding)/monitor program, and the ability to hold up to 6k K

bytes of memory.

(l) Mostek F-8 Survival Kit

This was the first unit to be purchased and

consequently most of the applications experimentation has been

performed using this unit. The main characteristics include:

(a) Resident debug/monitor program of 1024 bytes of

read only memory (ROM)

(b) TTY interface

(c) 102U bytes of random access memory (RAM) user

programmable

(d) 32 bits of input/output (4x8 bit parts) for

control purposes.

(2) National semiconductor SC/MP (simple cost-effective

microprocessor) bit. This is a smaller, less expensive unit

than the above and has the following features:

(a) Resident debug/monitor program of 256 bytes

(b) TTY interface

(c) 256 bytes of RAM

(d) 1 bit of I/O (input/output).

F.3.8 RCA Cosmac Development System - N.B. Spedding

The Cosmac development system is more complete than

the other single-board units and consequently more expensive,

its features include:

(a) Power supply, card frame and front panel

(b) Resident debug/monitor program consisting of

512 bytes of ROM, 1024 bytes of RAM and some

hardware function.

(c) 4096 bytes of user programmable RAM
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(d) 16 bits of I/O

(e) TTY interface

(f) An assembler program capable of being run on the system

(g) An editor program " " " " " " "

(h) All devices are fabricated in (low-pover) cosmos

(symmetry metal oxide semiconductor) which makes

the system suitable for battery operation.

Apart from general software familiarisation the

following applications have been tested:

(a) Control of a multi-digit seven-segment display

with numeric and limited alphabetic display capabilities.

(b) IEEE interface bus control and operation.

(c) X,Y,Z modulation of a continuous display, including

generation of up to 6k alpha numeric characters.

(d) Reading, re-formulating and storage (either printed

or punch tape) of data recorded on audio cassette tape by the

four-channel data recorders at present in use.

(e)Data storage and retrieval via audio cassette tape.

(f) Video display control (ref. video display).

(g) Bootstrap (self loading) of programs via either

manual switches or fast paper-tape reader.

Several projects are now under way utilising the

Cosmac microprocessor to provide systems with the power and

versatility inherent in this device.

F.3.9 MS1O Mass Spectrometer - N.B. Spedding

The MS1O mass spectrometer is to be updated to

provide a more stable EHT supply, automatic peak-switching

and data logging. Parts have been ordered to construct a

± l^O V digitally programmable (16 bytes resolution) up to

1000 V above ground on a second high-voltage supply, resulting

in a programmable "window voltage" of 280 volts with limits of

+1140 V to -11^0 V. A Cosmac microprocessor will be used to

perform all the programmed functions required.

F.3.10 Unicam Flame Photometer - N.B. Spedding

To increase the sample throughput and reduce operator
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dependency the Unicam flame photometer is to be further updated.

An automatic sample changer (12 sample maximum) has been designed

and is under construction at present. A microprocessor-based

controller has yet to be designed.

F.3.11 Video Display - N.B. Spedding

Part of the microprocessor evaluation program

included the generation of video (raster scan) displays. A

video display board suitable for interfacing to a microprocessor

was designed and constructed, the features of which included:

(a) 32 character by 32 line display of 96 x. 6h

graphics display.

(b) Software determination of black-on-white or

white-on-black representation of each character.

(c) Hardware cursor (located via software)

(d) Hardware scroll or page movement (software initiated)

(e) Dual (hardware) data display format (either single

column x 64 characters or double column x 32 characters) with

switching between formats with no loss of display integrity.

(f) Fast display access (up to 2 million characters/sec).

The prototype has operated successfully and is at

present being evaluated with regard to general applications.

P.3-12 Microprocessor Peripherals - N.B. Spedding

An important factor which needs to be considered in

any "intelligent" system is the peripherals required which

include displays (see video display), printers, keyboards and

bulk data storage devices,as the cost of these may far outweigh

the cost of the system itself. Investigations are being made

to find appropriate hardware for "intelligent" systems at

present in the design stage.

F.3.13 Ultrasonic Cleaner - R.G. Currie (see F.3.9 of

previous report)

The new transducer for this equipment arrived together

with a suitable epoxy-cement for bonding it to the tank. The

care taken to ensure a good mechanical bond was very rewarding

since the amount of cavitation generated in the tank, even on
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its lowest range^appears to be much greater than when the

apparatus was new.

F.3.14 Frequency Synthesiser - R.G. Currie

Trouble was experienced when switching frequency on

this instrument, and obtaining signals amplitude reliability.

This was found to be due to some switch contacts which had

become loose in their rivets. Since the amount of work

required to take the switch out to service was considerable,

it was decided in the interest of reliability, to replace it

with a new type which has fibreglass wafers and better riveted

contacts. After the switch was installed the unit was re-

aligned on its ten frequencies.

F.3.15 Cobalt-60 Irradiation Source - R.G. Currie

Since it is important that the position of the

source relative to the sample to be irradiated remains

reasonably constant, an indicator ligiit on the control panel

was installed which worked in conjunction with a microswitch

on the lifting gear mechanism so that if the source dropped

more than 2 mm from the irradiation position, this fact would

be indicated to the operator.

F.3.I6 AAEC Ratemeters, Types 59 and 239 - R.G. Currie

The radioisotope applications group has a number of

portable ratemeters of the above type for field use. Minor

repairs were effected to correct broken leads and component

failure.

When a type-59 failed, it was found to be due to a

faulty input valve, an electrometer tube. Inquiry regarding

availability showed that one firm had plenty but the price had

risen from that of a few dollars to $53. Since the later type

239 uses a field effect transistor as a substitute for an

electrometer, it was decided to investigate likelihood of its

use in the type-59. Re-arrangement of that part of the circuit,

to provide the right potentials, was done and a suitable field

effect transistor installed. The instrument performed satis-

factorily from the outset of this change and has been taken
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on a field trip where it was used. Xt is now decided that as

electrometers fail, they will be replaced by field-effect

transistors in these instruments.

Also in the same instrument a ringing oscillator

transformer,which supplies not only the EHT required for the

photomultiplier but also tha low-voltage potentials, failed.

No direct replacement was available, but fortunately a

transfonner, which had some years ago been wound for experimental

purposes similar in the important respects to the one which had

failed, could be pressed into service with some minor circuit

adjustment.

F.3.17 Small Furnace (Mass Spectrometry) - R.G. Currie

A small furnace controlled by a Sunvic temperature

control became inoperative due to control failure. After

replacing the control, it was noticed that the wrong type of

heat insulator had been used. This was replaced with Perlite

insulation. This should allow the Sunvic control to function

correctly.

F.3.I8 Other Maintenance Work - R.G. Currie

During the period under review there have been many

calls to repair hot-air blowers, diffusion pumps, thermocouple

gauges, Toepler pumps, etc.

F.3.19 Solenoid Driver for BRPE Tape Punch; NMR

Project - B.J. Lett

To this unit a wiring change was made to cause the

tape punch to make a "parity bit" hole whenever a "feed" hole

was punched. This new equipment (constructed during the latter

half of 1975) was then installed in the NMR instrument rack.

F.3.20 Heater Repair for Director - B.J. Lett

The office heater was delivered in an inoperative

condition. However on location and subsequent removal of a

short-circuit fault, it emitted a healthy glow.
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F.3-21 Typewriter Repair for Beckman Wide-beta Counter -

E.J. Lett

To enable the serviceman to repair the typewriter,

a solenoid from a different machine was re-wound.

F.3.22 IEEE Data Bus Project for Mass Spectrometry - B.J. Lett

Two Vero-board modules, each having been optical

coupling circuits, were constructed. These will be used to

connect the PDP-9 computer to the data bus.

F.3.23 BWD Signal Generator Repair - B.J. Lett

A valve having low gain was replaced. The instrument

was checked in operation, then returned to service.

F.3.24 Alterations and Additions to a "PMP 1200 Calculator"

IEEE Data Bus Project - B.J. Lett

The complete working calculator was extensively

altered with components and wiring being removed. New logic

circuits were constructed and built into it, and a multi-core

cable and plug were added. Further electronics were cons-

tructed to allow the calculator to be used on the IEEE bus as

a separate keyboard and numerical printer. A cast aluminium

box was used to contain most extra circuit boards and switches.

This box was modified to suit.

F.3.25 Pump Motor Repair - COg Sampling Project at

Baring Head - B.J. Lett

The motor was removed from the pump and the two

bearings mounted on the motor's rotor were replaced. Assembly

was completed and the motor test run.

F.3.26 IEEE Bus Project for Mass Spectrometry - B.J. Lett

Six Vero-board modules were constructed, tested and

faults corrected. These modules comprise of "talker",

"listener" and "service request" units.
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F.3.27 Dual 5-volt DC Power Supply - B.J. Lett

This power supply was designed, constructed and

tested. It will deliver up to 800 milliamperes from each

output. One current meter with two current ranges is used

to monitor output current from either output, selection being

by toggle switch. Both supply outputs are electrically

isolated from each other and from earth. Meter current ranges

are 0-100 milliamperes and 0-1 ampere.

F.3.28 Royal Society Electronics Display in Hastings -

B.J. Lett

It was arranged that the writer and Mr N.B. Spedding

go to Hastings and man a display on electronics at INS. Display

material was collected, including a display board made up by

the writer. Travel and accommodation were arranged. A week

before departure a letter was received to say the display in

Hastings was cancelled due to lack of finance.

F.3.29 Logic Probe for Cosmos Circuit Testing - B.J. Lett

While working on the IEEE bus project there were

often two people needing to use the only fault-locating probe

for logic circuits that the section has. It was therefore

decided to design and build another one. An original design

was devised and constructed. This resulting probe has now

experienced several months of consistent use with good results.

A paper titled "A logic probe for Cosmos" by B.J. Lett

has been published in the December (l°76) - January(l977) issue

of the N.Z. Electron.

The probe indicates a logical state by varying the

brightness of an incandescent lamp. A logical HIGH is shown

as a fully bright light and a logical LOW as a lamp off. An

open circuit logic input (for Cosmos) as well as a faulty voltage

level is indicated with lamp half brightness. An oscillatory

voltage is indicated by the lamp flashing at a slow rate.
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F.3-30 Solder Dispenser - B.J. Lett

As an aid to constructing numerous Veroboard layouts

of circuits, an original design of a device for applying solder

to the work was devised. It was constructed and found to be

a useful aid. A further two were constructed for other

members of the electrical engineering section.

F.3.31 Vac-ion Pump Repair - Vacuum Lab.. - B.J. Lett

The electronic controls of this equipment showed a

J*50 V reading on the 6 kV meter scale. Normally this would

indicate a poor vacuum, which actually was not the case. Also

the controller could not be switched into "protect" mode.

The fault was located as a 2-J- ohm short circuit across the

pump electrodes. According to the manual this could be caused

by titanium flaking from the electrodes. Mechanical impact

shock was applied several times, resulting in dislodgment of

the flakes. The system was test-run and found to operate

satisfactorily.

F.3.33 IEEE Data Bus Project for Mass Spectrometry - B.J. Lett

A suitable cabinet for the electronics of a digital

voltmeter motor (DVM) controller and field memory unit controller

was designed and drawn. Part construction of this was

organised and the writer completed the work. The DVM to be

used was studied and signal levels, codes and terminal con-

nections were determined. Logic circuiting to couple the DVM

to data bus modules was constructed along with circuitry for

coupling to the field memory unit. Talker, listener and

service request modules were interwired to each other and the

coupling circuit modules, as well as to multi-pin plugs and

sockets. A 5-v°lt DC power supply was constructed and wired.

The complete unit was tested on the bench and then mounted

into the Micromass-30 mass spectrometer.

F.3.34 Electroplating Pover Supply for Industrial Isotope

Section - B.J. Lett

Work was begun on the construction of this unit.
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F.3-35 Quad Output DC Power Supply - B.J. Lett

The design of this power supply was completed. It

has two outputs each supplying a voltage that may be selected

by calibrated switches, and two outputs each delivering a

fixed five volts. A current meter is fed through a multi-

position switch, enabling load current from any output to be

monitored. Construction awaits a suitable time.

F.3.36 Power Supply Installation - Tritium Lab. - B.J. Lett

A Hewlett-Packard 35 amp, 40 volt DC power supply

was installed in the tritium laboratory. It was checked in

operation and found satisfactory.
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G. THEORETICAL PHYSICS

G.1 General

Dr B.J. O'Brien was in Chelsea, London, throughout

1976, working for the United Nations Environmental Program.

Dr M.R. Manning returned in October 1976 from

McMaster University, Canada, where he had been working on the

structure of high spin states in nuclei.

Dr K.R. Lassey, as the sole member of the theory

group for most of the year, was attached to the accelerator

group developing programs for the Institute's PDP-11

computer.

G.2 Nuclear and Atomic Physics - M.R. Manning and

K.R. Lassey

In October 1976 Dr Manning returned from Canada with

a suite of programs, developed for calculating high spin

states of atomic nuclei. This area of nuclear structure

research is receiving intense interest from many groups

overseas. It was intended that the programs, developed and

run in Canada, would be used here to complete the work to a

point where it would be published (in collaboration with

Dr A.B. Volkov, McMaster University). Unfortunately this

could not be done as the only remote job entry computer

facility had been closed down.'

While it would have been possible to make the programs

run on the IBM 370 at the Vogel Computer Centre, the turn-

around time of Zh hours or more for that machine precludes

serious program development. After considering this poor

turnaround time, the shortage of card punching facilities,

and the shortage of terminal time, it was deoided that the

only practical course open was to await the DSIR network

scheduled to be available in April 1977 (see below). Because

of the intense activity overseas in this area, this delay is

a serious setback.
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Following from some earlier work by Dr Manning on

reduced density matrices it was realised that the current beat

lower bound energies for many body systems could be improved.

Work was started on two papers to demonstrate this and these

should be published in 1977• Luckily this work does not need

any computer facilities.

Dr Keith Lassey continued with the research, in

collaboration with Professor McKellar of Melbourne University,

in which he was engaged while at Melbourne. This research

involves a theoretical investigation into the manifestations,

in nuclear physics contexts, of a small parity-nonconserving

component in the internucleon force which is responsible for

the binding of nuclei. Such a component, whose existence has

been experimentally confirmed, is in violation of the concept

of mirror-symmetry of the force, and its theoretical basis

stems from an extension of the familiar "weak interaction"

responsible for p-decay (and other decays), which is'known not

to preserve parity (i.e. conserve mirror symmetry). This work

has received great stimulus from recent overseas developments

in particle and field theory and their experimental vindication.

Collaboration with the Atomic and Molecular Physics

Group at the Flinders University of South Australia (prin-

cipally with Professor McCarthy), has led Dr Lassey to

conclude some theoretical work on the structure of diatomic

molecules. This work, commenced while at Flinders University,

involves an analysis of experiments performed there which

leads to detailed information on the momentum distribution of

orbital electrons, with particular emphasis on the molecules

CO and Ng.

G.3 D.S.I.R. Computer Network - J.R. Hulston

For some time thought had been given within DSIR to the

improvement of computer facilites within DSIR. This culminated

in a joint DSIR-State Services Commission (SSC) study which

recommended that DSIR be provided with a country-wide computing

network connected to one of the SSC computers operated by their
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Computer Services Division (CSD). INS staff recommended that

this network be developed as a DSIR utility which could link to

both the ICL and IBM computers operated by CSD, rather than

being confined to one manufacturer's equipment. It was also

proposed by INS that the network be based on the CSIRONET network

operated by the Australian CSIRO, using the software system

NODECODE developed by their systems group for PDP-11 network

concentrators. This proposal received tentative approval in

December 1975 and it was agreed that equipment be purchased

for a two-node experimental system, to be located at Gracefield.

In order to bring this system into operation as quickly as

possible a DSIR working party from the staff of Physics and

Engineering Laboratory, Applied Mathematics Division and Institute

of Nuclear Sciences was formed, and Dr J.R. Hulston was asked to

act as leader of the software group. The ultimate form of the

network is indicated in fig.l with the experimental network being

limited to the links between the IBM-370/168 in Wellington, the

Central Node and the Gracefield Node.

The job of the software group was to develop an

understanding of the principles of NODECODE and to write and

test the software for the IBM software interface, which would

replace the CDC software interface used by CSIRO to link the

network into their Control Data 36OO and 76OO computers. This

was achieved by a period of preliminary study, followed by a

visit to Canberra for a two-week period in May 1976 by Dr J.R.

Hulston to obtain the NODECODE system and to develop a suitable

structure for the IBM interface. This was followed by a period

of program writing and testing 01 the hardware which arrived

in the July-August period. At this stage however the IBM-370/168

in the Cumberland Computing Centre was not ready for remote testing

and it was necessary to do the testing oi the communications

software to an IBM-37O/l^5 and to the IBM-370/168 in the Vogel

Computing Centre (operated by MOVD). Communications interchange

was satisfactorily obtained with the IBM-370/IU5 in October and

tests were then transferred to the Vogel Centre, and on 29 November

the first successful TSO (Time-Sharing Operating system) session

was held to the Vogel IBM-370/168. After further refinement of

this interactive part of the system efforts have now been trans-

ferred to the development of the software for BATCH facilities.
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communications application program in the IBM-370/168 as well-

as additional software for the PDP-11 central node. By late

December the IBM applications program was well in hand and

work on the PDP-11 central node software had just begun. It

is hoped however that progress will be reasonably rapid and

that the experimental network will be operational Tor limited

periods of the day by 1 April 1977.

Following the satisfactory progress with the

experimental network during this year it was decided that the

network would be operated by a new Computer Research Section

of PEL and most of the network's working staff were absorbed

into it. Dr Hulstoji however had only agreed to assist part-

time until a :'ull-time section head could be appointed. It

is hoped that he can be released from the project early in 1977.

1-0 Design Configuration

IBM line protocol ICL line protocol

IBM

370/168

J3705Comm.P.j

Unknown line protocol

Other

Hosts

Node c'ode
line protocol

RX11
Floppy^
Discs,

Local Nodes
Palmerston North

INS "'" "•
Local i
PDP-ia/20;

500 metres

2 metres

Auckland

.Cnristchurch

Wellington

(all similar-to
G acefield Node)

Gracefield Node

ILP-11

JCR-11

Terminals of different types
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G.h INS Computers - K.R. Lassey and M.R. Manning

A pair of magnetic tape drives were acquired this

year as peripheral equipment for the Institute's PDP-11

computer. Software supplied by the computer's manufacturer

enables magnetic tapes to be used only to read from and

write to them in a rather restrictive way, which is not

always compatible with the tape format employed by other

computer manufacturers (e.g. IBM). Accordingly, a package

of subprograms (known as MHLIB) in a form callable from user-

written FORTRAN program, has been developed by Dr Lassey to

permit a much more flexible access to magnetic tape. This

allows reading tapes which were written elsewhere, and writing

tapes for reading elsewhere. The main features of the package

MHLIB, which is documented in detail in the report INS-P-126,

are:

(i) The ability to read or write blocks of variable length

from or onto magnetic tape.

(ii) The ability to read or write all ANSI or IBM standard

volume, leader and trailer labels. In addition MHLIB

can handle user-defined labels or unlabelled tapes for

which no labels are read (or written).

(iii) The ability to accommodate EBCDIC as well as ASCII

character codes on either input or output.

In order to assist in the handling of magnetic tapes

formated for the IBM computer or other large computers, the

following programs have been written:

MTSCAN - scans a tape reporting the block sizes, tape

marks and any EBCDIC or ASCII label records.

FBMTWR - writes a tape in standard unlabelled format

with fixed block size and fixed size EBCDIC

records for reading on other computers.

In the near future a hard copy option will be added

to MTSCAN and a program FBMTRD will be written to read fixed

block and record size tapes.

A further magtape utility program bypassing the RT-11

file structure has been written as:
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MTHELP - allows recovery of RT-11 files on a magtape

after they have been deleted or after the logical

end of tape denotea by two tape marks.

These programs are now in regular use and the ability

to transport data to and from large computers via magnetic

tape is proving invaluable. The Institute is handling an

increasing number of requests from other divisions of DSIR

for the use of our magnetic tape facility.
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H. Planning for Nuclear Power - T.A. Rafter

At the May 1975 meeting of the New Zealand Atomic

Energy Committee (NZAEC-460) Mr Baumgart, Commissioner for

the Environment, was invited to discuss views on nuclear

power in the environment. To make factual information

available to the public he recommended that:

1. A fact-finding group be set up to answer the specific

question:"In the New Zealand situation what are the

environmental effects and risks of a nuclear power

production programme compared with those of the best

design non-nuclear alternatives"?

To ensure its independence the group should consist of two

nominees of the Royal Society of New Zealand, two of the

N.Z. Institution of Engineers and two of the Environmental

Council.

2. An information centre should be set up,based on the

library of the Institute of Nuclear Sciences, to provide

material for study groups and to secure answers to

specific questions from individuals and study groups.

At the August 29, 1975, meeting(AEC-i>67) the Chairman

reported that as far as he was aware the Minister for the

Environment and the Minister of Science, plus other ministers

were still considering a proposal put forward by the Commission

for the Environment. To provide some useful information for

the NZAEC, the Institute prepared three papers on the

development of nuclear power.

1 The Development of Nuclear Power in the United Kingdom

and Europe, by B.J, O'Brien. INS-R-166. July 1975.

Attachment to AEC-464.

2. The Nuclear Industry in the USA, by G.J. McCallum.

INS-R-165, July 1975. Attachment to ABC-k6k.

3. The Nuclear Industry in Canada, by T.A. Rafter. INS-R-164.

July 1975. Attachment to AEC-k6k.

At the meeting Dr I.K. Walker said that as regards to

the environmental effects of nuclear power he felt that the
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to be discussed around the table - — and that if it was

wantedj he would volunteer to provide such papers. The .

recommendation was passed that "this Committee now requests

the DSIR to produce a preliminary paper on the environmental

aspects of nuclear power for the next meeting, and a more

comprehensive paper for the February meeting".

At the 27th November 1975 AEC meeting (AEC-^72) the

Chairman outlined the situation regarding the establishment

of a committee under the chairmanship of Sir Malcolm Burns.

The Committee's membership consisted of

Sir Malcolm Burns,

Prof. E.R. Collins,

Dr D. Stewart,

Mr F.R. Askin,

Mr S.R. Austice,

Mr H.E.P. Downes,

Prof. P.S. Corbett.

Sir Malcolm expressed the wish to work closely with the

NZAEC and said he would be pleased to attend the first meeting

of the NZAEC in 1976.

For the November 1975 meeting the Institute prepared three

preliminary reports:

Nuclear Energy - A Brief Review, AEC-V71A, INS-R-173A

(NIP-OOO28O);

Environmental Aspects of Nuclear Power - A Plan of

Approach. AEC-^IB, INS-R-173B, (NIP-000281); and

Radiation from Nuclear Power Plants. AEC-V71C, INS-R-173C,

(NIP-OOO282).

A list of "Key Headings for Nuclear Power and the Environment"'

was also distributed. These 25 headings were to be made the

basis of classification for the information received, and to

be updated aa new information became available.

On November 28th Dr I.K. Walker requested that the

Institute prepare drafts of papers for the NZAEC to consider
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for submission to the Burns Committee, under the following

headings:

1. Radiation from nuclear power plants

2. Biological effects of radiation

3. Transportation of fuel and wastes

4. Waste disposal and decommissioning

5- Nuclear power — benefits, risks, comparisons and

insurance

6. Power plant safety systems

7- Emergency-core cooling

8. Nuclear power plant siting

9- Safeguards

The Health Department and Ministry of Work and Development

were asked to contribute, and the drafts were to be considered

by an AEC sub-committee (comprising MWOD, NZED, Health Department

and DSIR, during the first week of February 1976.

For the ready recall of information a computer programme

was developed, called "nuclear input" (NIP), and each relevant

document was given a NIP number. Initially each subject heading

had a file reference number (file NIP-no.X) and an AEC reference

number, plus a computer-NIP reference number. These references

are clarified in the following table.

v „ .. NIP NIP AEC
Key Heading F i l e

No. No- No-
*
The need for electricity

Sources of radiation
#
Radiation from nuclear power plants

Biological effects of radiation
*
Thermal discharges

Transportation of fuel and wastes

Waste disposal

Nuclear insurance

Nuclear power plant safety(and emergency-
core cooling)

Licensing and regulations

Nuclear power plant siting

Nuclear power - benefits and risks

Breeder reactors

1
2

3
4
5
6

7
8

9

11

12

13
14

000570

OOO571

OOO572

OOO573

000574

000575

OOO576

000577

000578

_

OO058O

00058I

000582

480

-

488

487
486

494
495
493
490

_

489

491
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Thermonuclear fusion

Geothermal power

Solar radiation

Power alternatives and fuel supplies

Economic ©valuation of alternatives(inclu-
ding effects of reliability)

Dec omtr.i s s i oning

Reticulated hot water

Safeguards

Nuclear energy in a food-exporting country

Conclusions

Development of nuclear power in U.K. and
Europe

The nuclear industry in USA

The nuclear industry in Canada

Hazards of plutonium and other transuranic
elements

Metallurgy - one aspect of which is corrosion

The nuclear power industry in Russia and Japan 32

Glossary 33

15
16

17
18

19

21

22

23

24

25

26

27

28

30

31

32

000583

000581*

000585

000586

OOO587

000589

-

OOO59I

000592

OOO593

000594

OOO.595

000596

-

000967

000968

-
481

482

484

485

496

483

492

-

-

497

498

499
-

indicates reports ready for discussion by the 26th January 1976.

These preliminary repu4 «,s were forwarded to the Health

Department, MOWD, NZED and DSIR divisions on 23 January 1976,

and meetings were held during the first week of February with

representatives from these departments, so that they could be

finalised before being considared by the AEC for transmission

to the Burns Committee.

New drafts were written and submitted to the AEC Sub-

Committee on Environment. Corrected and final drafts, re-

organised to make a more logical sequence, were ready for the

March meeting of the NZAEC.
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Reports submitted to NZAEC on 4th March 1976:

AEC 480 (NIP-l) The need for electricity

AEC 481 (NIP-16) Geothermal power

AEC W 2 (NIP-17) Solar radiation

AEC 483 (NIP-22) Reticulated hot water

AEC 484 (NIP-18) Power alternatives and fuel supplies

AEC 485 (NIP-19) Economic evaluation of alternatives
(including effects of reliability)

AEC 486 (NIP-5) Thermal discharges

AEC 487 (NIP-4) Biological effects of radiation

AEC 488 (NIP-3) Radiation from nuclear power plants

AEC 489 (NIP-12) Nuclear power plant siting

AEC 490 (NIP-9) Nuclear power plant safety (and
emergency-core cooling)

AEC 491 (NIP-13) Nuclear power,benefits and risks

AEC 492 (NIP-23) Safeguards

AEC 493 (NIP-8) Nuclear insurance

AEC 494 (NIP-6) Transportation of fuel and wastes

AEC 495 (NIP-7) Waste disposal

AEC 496 (NIP-21) Decommissioning

AEC 497 (NIP-26) Development of nuclear power in UK and Europe

AEC 498 (NIP-27) The nuclear industry in USA

AEC 499 (NIP-28) The nuclear industry in Canada

At the NZAEC meeting (report AEC-477) the Chairman of the

ad hoc Sub-Committee on Environment, Dr I.K. Walker, presented these

reports for submission (through AEC) to the Fact Finding Group

on Nuclear Power, under Sir Charles Burns as chairman.

We were asked by Dr Walker to consider what further information

might be supplied to the Burns Committee, and that each of the 20

reports was to be circulated to a panel of three or four scientists

from the Gracefield campus for correction and discussion. Based

on these discussions we were to prepare a master set of documents

with all the corrections, additions and deletions to be clearly

shown.

It was decided to write two further reports: The Biological

Hazards of Plutonium, and Plutonium in Relation to Safeguards

and the Proliferation of Nuclear Weapons. Because of the importance

of the Rassmussen Report to these nuclear power discussions, a
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review of the criticisms appearing in the literature was under-

taken. A report under the title Nuclear Energy in a Food

Exporting Country was suggested.

The document AEC 480 (NIP-l), The Need for Electricity, was

initially only a one-page report. At a meeting on 9 June the

Director of the Chemistry Division was asked by Dr Walker to

prepare a draft report for discussion of DSIR views on

electricity needs, and alternative sources of generation.

A considerable number of DSIR scientists put considerable

time and effort into reviewing and re-writing the original

reports. Much of this information was ef value to the Burns

Committee. By mid-1976 the Committee had organised their Fact

Finding Mission under four sub-committees.

1. Power supply demand and alternative stfurces for generation.

2. Siting and structural aspects of a nuclear power programme.

3. Nuclear power generation and safety.

h. Genetics and health aspects of a nuclear power programme.

While the Burns Committee was still considering their

Environmental Fact Finding Report, the Government announced on

25 September, the approval for a Royal Commission on Nuclear

Power Generation in New Zealand, with terms of reference to

inquire into and report upon the likely consequences of a nuclear

power programme and in so doing to consider such matters as

siting, licensing, environmental effects, safety factors,

transport of fuel and wastes, disposal of waste and other matters

which the Commission decides should be brought to the attention

of the Governor-General.

The Royal Commission was to be serviced by the Ministry

of Energy Resources. In early September we were asked to

forward suitable background information. The advantage of our

NIP-system of references was immediately apparent, as was the

programme of reports we had drafted for the Burns Committee.

DSIR was now faced with having to decide the form of any

submission DSIR should make to the McCarthy Commission, as

position papers were required by 1 December. Meetings were held

on 10 and 11 November to discuss the DSIR submission. At these
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meetings there were representatives of as many divisions of

DSIR as could effectively contribute to the subject matter

of the reports.

As a result of the exercise, on 1 December 1976, DSIR

was able to forward to the Royal Commission information in

the form of 16 reports. These reports were no longer the

opinion of the previous authors but were wholly DSIR's opinion

on the matters discussed. The reports were forwarded to the

Royal Commission without designated authors. The authors of

the initial reports are listed for record purposes in the table

below, together with INS-R- numbers and NIP-file reference

numbers.

f
Submission

No .7
Title

/

.G.J.

T.A.
G.E.

McCallum

Rafter and
Coote

G. Wallace

G.J.

H.C.

P.B.

G.J.

H.C.

McCallum

Sutton

Roberts

McCallum

Sutton

INS

R.No.

213

21k

212

216

200

215
205

199

NIP
Pile
No.

27

28

26

32

k

30

12

3

A The Nuclear Power Industry
in USA.

B The Nuclear Power Industry
in Canada.

C The Nuclear Industry in Europe

D The Nuclear Industry in Japan
and Russia.

E The Biological Effects of
Radiation on Man.

F Biological Hazards of Plutonium

G Nuclear Power Plant Siting

H Radioactive Releases from
Nuclear Power Plants.

I Reactor Safety (including
comments on WASH-l^tOO).

J Safeguards

K Radioactive Waste Management

L Transportation of Fuel & Wastes

M Nuclear Insurance

N Decommissioning of Nuclear
Power Facilities

0 Nuclear Energy in a Pood-
Exporting Country

P Electricity Demand, Substitution
and Resources

R.F. Scarth,
N.E. Whitehead,
P.B. Roberts

204 9/10

G.
T.

G.

T.
D.

T.
D.

H.

Wallace
A. Rafter

Wallace

A.
C.

A.
C.

C.

1-- :
and
>n

Rafter and
Robinson

Sutton

D. S.I.R.

210

202

201

203

2O9

211

23

7
6

8

21

24
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A considerable amount of effort by DSIR scientists went

into paper P, Electricity Demand,Substitution and Resources,

as this was a key paper for planning purposes. On 10 December

copies of these reports were delivered to the Royal Commission

as a survey of available literature on nuclear power generation.

In addition to the above reports DSIR also undertook the

task of writing a report, in parts summarising tie reports

listed in the above table, but considering in essence the

consequences of a nuclear power programme. These were

discussed under twenty headings.

.1. Diversion of resources

2. Cost elements of electric power

3. Construction by contract

4. Administrative simplicity

5. Conservation of fossil fuels

6. Diversity of power generation

7. Technical staff

8. Occupational hazards

9. Maintenance manpower

10. Choice of reactor

11. The fuel cycle

12. Generic shut-down

13. Quality assurance

Ik. Nuclear inspectorate

15- Routine releases from power stations

16. Possibilities of accidents

17. Nuclear wastes

18. Nuclear insurance

19. Possibilities of sabotage

20. Export of luxury foods

The DSIR submission covering the consequences of a nuclear

power programme was still being considered at the end of 1976. •

The Royal Commission on Nuclear Power Generation held its

first sitting on 10th December 1976 and the Chairman asked that

DSIR show a presence at all sittings of the Commission. The

Institute was asked to undertake this responsibility by

rotating the task among our staff. DSIR was to take the
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initiative in cross-examining any extreme opinion expressed

either for or against.

The Chairman, Sir Thaddeus McCarthy initially agreed that

DSIR would not need to read aloud the 16 papers, A to P. He

later felt that some of the reports were so important that they

should be read in full,and that with others at least a

summary should be read into the record.

Dr Walker requested us to write a summary for every paper

(except paper P) and to have these ready by Friday, 21 January 1977.

In addition to the work put on the Institute to supply

information for the Burns Committee and the McCarthy Commission,

we were involved in a considerable amount of publicity involving

nuclear power,for public lectures, television, etc. During the

year the N.Z. Institute of Chemistry held a symposium on

nuclear energy. Walter Patterson, the author of the Penguin

Book 1976 "Nuclear Power" toured the country, as did Mr G.

Minor, one of the three nuclear engineers who resigned from

G.E. over the reactor safety issue. During 1976 the Institute's

staff prepared and delivered twenty lectures. These are listed

on the following pages.
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List of lectures on nuclear energy

L-164 Rafter, T.A.: The nuclear debate - reactor safety.
Lower Hutt Rotary Club, 21 April 1976.

L-165 Rafter, T.A.: An address to the Vomens Electoral
Lobby, Wellington Branch, May 17th, 1976. (Nuclear
debate.)

L-166 Rafter, T.A.: The nuclear debate - high level
radioactive was te. Johnaonville Rotary Club,
2i* May 1976.

L-168 Sutton, H.C.: An address to a Nuclear Power Forum
in relation to "Campaign Half Million". Wellington,
2 June 1976.

L-169 Roberts, P.B.: Present uses of radiation in New
Zealand. Wellington, Insurance Institute, 15 July 1976.

L-170 Rafter, T.A.: Some comments on the Rasmussen Report.
Rotary East Club, Whakatane, 26 July 1976.

L-171 Rafter, T.A.: The nuclear fuel cycle. Public
Address, Kawerau Town Hall, 26 July 1976.

L-172 Rafter, T.A.: Nuclear insurance and indemnity.
Rotary Club, Whakatane, 27 July 1976.

L-173 Rafter, T.A.: Can New Zealand avoid a nuclear energy
policy? Public Address, Whakatane, 27 July 1976.

L-17*f Sutton, H.C.: Radiation hazards from nuclear power
plants. Institute of Chemistry, 6 August 1976.

L-175 Sutton, H.C.: Radiation biology and nuclear power.
Medical Association of New Zealand, Wellington Branch,
5 August 1976.

L-177 McCallum, G.J.: Some aspects of nuclear power. To
energy - which way New Zealand? 5 August 1976.

L-I78 Scarth, R.F.: The nuclear alternative - reactor safety
and nuclear waste. Institute of Chemistry, 6 Aug.1976.

L-179 Whitehead, N.E.: Nuclear power. Palmerston North
Teachers Training College, 11 August 1976.

L-184 Scarth, R.F.: The nuclear alternative. Tawa Jaycees,
6 July 1976.

L-186 Whitehead, N.E.: The nuclear age - a perspective.
Address to the Regional Conference of N.Z. Jaycees
in Masterton, 7 July 1976.

L-189 Roberts, P.B.: Radiation hazards from nuclear power
stations. A talk to the Wellington East Rotary,
28 September I&76.

L-190 Rafter, T.A.: Nuclear power - How is it generated?
Hov do we attempt to understand radiation genetic
hazards. Nelson Jaycees, 20 September 1976.
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L-191 Coote, G.E.: DSIR involvement in discussions of
nuclear power stations. A talk to trainee
journalists from Wellington Polytechnic Institute,
at INS, 28 September 1976.

L-192 Rafter, T.A.: Nuclear power - its generation and
how we attempt to assess the genetic effects of
radiation and the plutonium hazard. An address
to the N.Z. Institute of Engineers (Mechanical
Engineering Group).luncheon meeting, 14 October 1976.

L-193 Rafter, T.A.: Nuclear power - Safeguards.
An address to the N.Z. Institute of Engineers.
Evening meeting. Ik October 1976.
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3. ACKNOWLEDGEMENTS

At the end of each year it is appropriate that we should

look back at past events, and look forward to continued effort

in the same or in new directions. This year we undertook a

most stimulating scientific effort, both within the Institute

and with scientists from other divisions of DSIR, MOWD, and

NZED, in the compilation of information associated with the

environmental effects of nuclear power.

The reports written for the Burns' Committee and the

McCarthy Commission should provide a valuable basis for

decisions that must ultimately be made as to the steps to be

taken for the safe introduction of nuclear power into New

Zealand.

I wish to thank both the scientific and administrative

staff for their fine effort in the preparation of these

reports. We ended 1976 with the realisation that our efforts

in this direction would have to be even greater in 1977.

Dr B.J. O'Brien remained overseas during 1976, working

with the United Nations Environmental Programme at Chelsea

College, London. Dr G.E. Coote returned in April from a

period of study at Simon Fraser University, Vancouver. His

most valuable experience was the opportunity to take up a

completely now project - a time-of flight mass spectrometer

for nuclear-chemistry studies at TRIUMF. Dr C.B. Taylor

continued his work sit the IAEA laboratories in Vienna, and

Rodger Sparks completed his Ph.D. studies at the University

of Utrecht and returned to duty at the end of April. Mr D.C.

Lowe worked for a short time at Scripps Institution of

Oceanography, California, on our C02-atmospheric measurements

project with Scripps. He also took the opportunity to visit

laboratories in Europe. Dr H.C. Sutton visited Australia to

attend the 8th Conference on Radiation Chemistry, held at

Lucas Heights. Mr G.J. McCallum attended a conference on

Nuclear Techniques of Analysis at Lucas Heights, and Dr J.R.

Hulston visited the Computer Research Division of CSIRO in

Canberra to study computer net-working* Mrs Hanna Andersen

resigned on account of ill health from the carbon-1h

laboratory in February, and died on 10 April. Mrs Andersen



185.

is the fifth member of the staff to have died since the

foundation of the Institute in 1957. Hanna will be sadly

missed by all members of the staff, and our condolences go to

her children. Miss Dianne Pettis resigned to further her

studies in journalism at the Wellington Polytechnic. Dianne

was gifted in many ways, and her poems and sketches were the

highlight of many a social function. We wish her every

success in her new career.

A new appointee was Dr K.R. Lassey. Keith had an

outstanding academic record and completed his Ph.D. at McMaster

University. He will join the theoretical physics group and

will add considerable strength to the interpretation of data

associated with many of our projects. We wish him a long,

successful and enjoyable career with the Institute. Miss

Tessa Daniell joined the library staff, and Mr Peter A. Clark

replaced our administrative officer Mr Paul Kavanagh who

transferred to Head Office in May. We feel sure Paul will

clarify issues for us in Head Office, and we welcome Peter who

brings to us his experiences of Head Office.

It was a year of intensive effort in some directions

with the consequent reduction of effort in others. I feel

the most fitting tribute to the work of the Institute during

1976 would be to record here the tribute paid to us by the

retiring Assistant-Director-General, Dr I.K. Walker, in a

letter dated 2 December -

"Would you please pass on to all your staff who were
involved, my congratulations on the magnificent job
they have done over the evidence for the Royal
Commission. I feel very proud that 50 copies have
reached the Commission on due date. And I am very
much aware that this is due to the very effective
work by your staff, not least by typists and office
staff".

The other significant events of 1976 was the holding of

the International Conference on Stable Jsotopes at the

Institute. Many well-known scientists from overseas paid

tribute to our work in New Zealand. The conference was

organised by the isotope geochemistry section, with Dr Brian

Robinson undertaking the detailed organisation of the

programme.
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For 1976, because of pressure of work, we have written

one Progress Report. I thank most sincerely the work of all

sections of the staff in the publication of this report. The

scope of the work of the Institute has expanded considerably-

over recent years, and as a consequence the identity of any

one individual's work tends to become lost. The object of

these reports is to condense into one perspective the work

of INS - the clearer this perspective, the surer the hope for

greater achievements in the future.

T.A. Rafter
Director
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APPENDIX I

CURRENT RESEARCH PROJECTS

For ease of administration and finance, the work of the Institute
is grouped under project headings. These reports are a permanent
record of many problems that never reach the publication state. Most
projects are the co-ordinated effort of several divisions of the
Institute and in the list below are named only those officers
primarily concerned with each project or sub—project.

Project No.

101
102

103
105
106
107

108
109
110
111
112
113
114
115

118

120

121
12h

125
126

129

132
135

Sulphur Isotopes
C-14 Age Measurements

13C/12C Variation in Nature
Industrial Applications
15N Studies
1^C Natural

Deuterium Measurements
Mass Spectrometers
Cosmic Ray Studies
Tritium
Cobalt Source
Radioactive Fallout
Potassium-Argon Measurements
Radiation Chemistry

a In Aqueous Media
b In Plastic Media
c Industrial Applications
d Biological Applications

Theoretical Studies and
Computer Matters

Theoretical Study of
Isotope Effects

Geothermal Geochemistry
Oxygen Isotopes

Robinson/Prieditis/Pettis
Jansen/McGill/Brenninkineijer/Burr/

Currie/Wood/Shirer
McGill/Prieditis/Hulston/Cox
McCabe/Pohl/Ditchburn/Barry/Lowe
B.W.Robinson/Prieditis
Jansen/Burr/McGill/Wood/Shirer/

D.R. Currie
Hulston/Lyon/Cox/Stewart
Hulston/Penman/Prieditis/stewart
Jansen
Gugelmann/Prieditis/Andersen
Sutton
McCabe/Ditchburn/Mason
Adams/Penman/Hulston/Gabites/Nicholson

Sutton/Windsor
Meliiuish
Sutton
Roberts/Windsor

Huls ton/Las s ey/Manning

Hulston
Lyon/Hulston/Cox/Stewart/Robinson

(a
b

(c

Sulphates
Rocks
Waters

Glassblowing
Accelerator Physics

Robinson/Pettis/Prieditis
Blattner(NZGS)
Gugelmann/Cox/stewart
Judd

a Accelerator
b Accelerator Electronics
c Computer Electronics
d Nuclear Reactions
e Activation Analysis
f Radiation Damage
g P-decay Studiea
h Proton-induced X-ray

Fluorescence
(i) X-ray Fluorescence

Engieneering
(a) Mechanical
(b) Electronic

Atmospheric COg
Nuclear Power Planning

McCallum/More/Sparks/Coote
Purcell/West
West
McCallum/Pohl/Sparks
Wallace/Whitehead
McLachlan
D.C. Robinson

Whitehead/D.C.Robinson/McCallUm
Wallace

Wyatt/Jalil/Long
Heald/Plummer/Spedding/R.G.Currie/Lett
Lowe
Rafter/Scarth/Sutton/McCallum/Wallace/
Whitehead/Roberts/Robinson,D.C./Coote
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Rafter, T.A.

Su-tton, H.C.

McCallum, G.J.
O'Brien, «-.T-

Coote, G.E.
Hulston, J.R.

Manning, M.R.
McCabe, W.J.
McCormick, J.D.
Scarth, R.P.

Adams, C.J.D.
Heald, W.H.
Jansen, H.S.
McLachlan, L.A.
Melhuish, W.H.
Plummer, J.W.
Roberts, P.B.
Robinson, B.W.
Robinson, D.C.
Taylor, C.B.
Whitehead, N.E.

Barry, B.J.
Lassey, K.R.
Lowe, D.C.
Lyon, G.L.
Pohl, K.P.
Sparks, R.J.
Stewart, M.K.
Wallace, G.
West, J.G.

W.JMason,

Brenninkmeij i
Gabites, J.E.
Gugelmann, A.A.
Spedding, N.B.
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S T A F F

O.B.E., M.Sc, D.Sc. (N.Z. ) ,F.R. S.N.Z. - Director

M.Sc, Ph.D. (Durham) , F.R.S.E.

M.Sc.(N.Z.), F.lnst.P.
M.Sc., Ph.D.(M.I.T.)

M.Sc., Ph.D.(Canberra)
M.Sc., Ph.D.(McMaster), F.lnst.P.

M.Sc., Ph.D.(McMaster)
B.Sc.(N.Z.)
C.Eng., F.I.E.E.
B.Sc.(Manitoba), M.Sc.(Birmingham)

B.Sc.(Hons), Ph.D.(Oxford)
B.Sc, C.Eng., M.I.E.E.
M.Sc.(N.Z.)
M.Sc., Ph.D.(British Columbia)
M.Sc., Ph.D.(V.U.W., N.Z.)
Dip.EE.,(I.E.E.London),C.eng..M.I.E.E.,M.I.E.R.E.
B.Sc.(Hons), Ph.D.(Vales)
B.Sc.(Hons), M.Sc.(Leeds), Ph.D.(Alberta)
M.Sc., Ph.D.(A.U., N.Z.)
M.Sc.(St Andrews).Dr.rer.nat.(Heidelberg)
M.Sc., Ph.D.(Massey, N.Z.)
M.Sc.(V.U.W.), Ph.D.(Waikato, N.Z.)
M.Sc., Ph.D.(McMaster)
B.Sc.(jions), M.Sc.fV.U.W., N.Z.I

Hons), Ph.D.(Massey, N.Z.)B.Sc
M.Sc
M.Sc
M.Sc
M.Sc.

V.U.W., N.Z.)
Ph.D.(Vniv.of Utrecht)
Ph.D.(Univ.of Pennsylvania)
Ph.D.(V.U.W., N.Z.)

er.C.A.

B.E.(lst Class Hons),M.E.(1st Class Hons)(A.U.,N.Z.)

B.Sc.(V.U.W.,N.Z.)

M. B.Sc., M.Sc.(Grohingen)
B.Sc.fHons)(V.U.W., N.Z.)
M.Sc.(Univ.of Bern)
B.Sc.(otago Univ., N.Z.)

Visitors

Blattner, P.
Currie, D.R.

Ph.D.(Univ.of Basle), N.Z. Geological Survey
M.Sc.(A.U., N.Z.) " "

Technical Staff

Judd, W.J.
More, R.D.
Penman, J.E.R.

Burr, M.K.
Ditchburn, R.G.
McGill, R.C.
Prieditis, L.J.
Wyatt, L.

N.Z.C.S.
N.Z.C.S.
N.Z.C.S.
A.M.N.Z.I., Mech.E.
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Cox, Marg. A.
Currie, R.G.
Jalil, A.

Lett, B.J.
MacKintosh, J.

Long, C.W.
Purcell, C.R.

Andersen, Hanne, C.
Pettis, Dianne, R.
Windsor, Lynette, A.
Wood, Nicola, K.

N.Z.C.S.

N.Z.T.C., A.M.N.Z.I.

N.Z.C.S.

N.Z.C.S.

N.Z.C.S.I.

Temporary Technical Staff

Rum s ey, Fanny
Shirer, Meryn, M.
Nicholson, D.

B.Sc.(Otago, N.Z.)

B.Sc, B.E. Mining, A.O.S.M.

Administrative Staff

Kavanagh, P.B.
Clark, P.A.
Bond, Jeanne, F.
Burr, Patricia, D.
Stuart, Shirley, A.
Henderson, Helen, M.
Genet, Cheryl, A.
Ruddlesden, Christine, A.
Daniell, Tessa, M.
Grace, L.A.

Administrative Officer
Administrative Officer
Clerk
Clerical Assistant
Senior Shorthand Typist
Typist
Librarian, N.Z.L.A. Cert.
Library Assistant
Library Assistant
Caretaker/Groundsman

Temporary Administrative Staff

Driver
Cafeteria Manageress

Clarke, F.R.
Stephens, Margaret
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APPENDIX III

PAPERS, REPORTS, LABORATORY NOTES, MANUALS

This report starts at the first contribution number
with an incomplete reference in the previous report.

Contribution
No.

722 Hulaton, J.R. » Card.K.A. , Hall.K.R. , Throughton, J.H. , 9
Stable carbon isotope applications in agronomy.X.
Techniques for carbon isotope analysis, interpre-
tation of results and an estimate of costs involved,
(in preparation).

734 Thole, R., Robinson, B.W., 1976:
Xsotopic evidence for the origin of the
Shamrocke Copper Mine, Rhodesia.
Mineralium Deposita 11 $ 298-310.

735 Whitehead, N.E. 1975s
Current applications of* semiconductor X-ray-
detectors in chemical analysis.
INS-R-2X7.

736 Rafter, T.A., O'Leary, J.T., 1975:
The state of nuclear energy and research in
New Zealand, 26 March I975 (Report to the
Minister of Science.)
INS-R-16&.

737 Cropp, P.L., McCallum, G.J., Wallace, G., Whitehead.
N.B», 1975*
Some applications of non-dispersive X-ray
fluorescence to forensic investigations.
In preparation.

738 Mason, W.J., McCabe, W.J., 1975$
Radionuclide analysis of I.A.E.A. intercalibration
sample SV-1-3.
INS-R-161.



191.

739 Hulston, J.R., 1975s
Stable isotope mass spectrometry in Australia; a
report of a visit to Australia to attend ANZSMS
and ANZAAS conferences, January 1975-
INS-R-162.

740 Hulston, J.R., 1975:
Theoretical calculation of oxygen and sulphur
isotope equilibria in geothermal sulphate solutions,
(in preparation)

741 Robinson, B.W., 1975s
Isotope equilibria in bydrothermal barites.
O.S.I.R. Special Bulletin 218.(in Press).-

742 Taylor, C.B., Freestone, H.J., Nairn, I.A., 1975*
Preliminary measurements of tritium, deuterium
and oxygen-18 in lakes and groundwater of volcanic
Rotorua region, New Zealand.
INS-R-227.

743 Wallace, G., 1975:
Computer modelling for a new West Coast sewage
outfall.
INS-R-I63.

744 Spedding, N.B., 1975:
Packard tri-carb liquid scintillation counter.
INS-M-26.

745 Airey, P.L., Sutton, H.C., 1976:
The electrochemistry of the HOg and 0<j radicals
under steady state conditions. Part 1. The
electrochemistry of 0j£ at neutral pH.
Chemical Society Journal. Faraday I. 72s 2441-2451.

746 Airey, P.L., Sutton H.C., 1976:
The electrochemistry of the HOg and O2 radicals
under steady state conditions. Part II. The
effect of pH over the range 0.4 to 11.
Chemical Society Journal. Faraday I. 72: 2452-2461.
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747 Rafter, T.A., 1975:
The nuclear industry in Canada; a review paper.
INS-R-164.

7k8 McCallum, G. J. , 1975!
The nuclear industry in U.S.A.; a review paper
INS-R-I65.

O'Brien, B.J.,1975:
The development of nuclear power in Jhe United
Kingdom and Europe.
INS-R-166.

750 Whitehead, N.E., 1975:
Report on overseas tour 30th Marc;h-28th June 1975.
INS-R-167.

751 Adams, C.J.D.,1975:
K-Ar ages of glauconite from sites 280 and 281.DSDP.
In "Initial Reports of the Deep Sea Drilling
Project 29". J.P- Kennett, et al.(ed.). Washington,
U.S. Govt Print, p.1037-

752 McCallum, G.J. ed.,1975:
Nuclear Physics Group progress report,Jan-June 1975-
INS-R-168.

753 Rafter, T.A.,1975:
Report on the work of the Institute of Nuclear
Sciences. Prepared for Director-General's review
of activities. 8 August 1975-
INS-R-169.

Spadding, N,B.
Vacuum pump delay unit; with comments on thick
film techniques and applications within the
Institute of Nuclear Sciences.
INS-H-27.

755 Rafter, T.A., Stout, J.D., Goh, K.M., Walker, T.W., 1976:
The accumulation of soil organic matter and its
carbon isotope content in a chronosequence of soils
developed on aeolian sand in New Zealand.
Journal of Soil Science 27(l): 89-100.
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756 Whitehead, N.E., ;975:
A comparison of X-ray spectrometry with other
multi-element analysis techniques.
INS-R-170.

757 Barry, B. J. , 1975-'
Mixing of an anti-shrink additive with concrete.
DJS-R-171.

7_,8 Su.tton, H.C., Roberts, P.B. , Winter-bourn, Christine C.,
1976:
The rate of reaction of superoxide radical ion to
oxy- and methaemoglobin.
Biochemical Journal. 155: 503-10.

759 Paterson, C.J., Blattner, P., 1975:
Origin of scheelite mineralisation at Glenorchy,
New Zealand, in the light of oxygen isotope data,
(in preparation)

760 Goh, K.M., Molloy, B.P.J., Rafter, T.A., 1975s
Radiocarbon dating Of Quaternary loess deposits,
Banks Peninsula, Canterbury, New Zealand.
Quaternary Research, (in Press).

761 Goh, K.M., Stout, J.D., Rafter, T.A.,1975:
Radiocarbon enrichment of soil organic fractions.
Soil Science, (in press).

762 Rafter, T.A.,1975*
Report on the 19th regular session of the
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Not iz ia r io [8(1962)J , 9(1963) . "
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Physica 23(1957)-30(1963),37(1967)-

Physica Scripta 1(1970)-

Physical Review 51(1931)-188(1969) Continues as:

Physical Review A. 1(1970)-

Physical Review B. 1(1970)-

Physical Review C. 1(1970)-

Physical Review D. 1(1970)-

Physical Review Abstracts 1(1970)-

Physical Review Letters 8(1962)-

Physics Abstracts 69 110.827(1966)-

Physics Letters A 1(1962)-

Fbysics Letters B 24(1967)-

Physics Letters C. Physics Reports 1(1967)-

Physics Today 12 no.6(June 1959)-l4(l96l),^L5(l962)-19(l966j!7, 20(1967)-

Plessey International News no.7(l96l)

Popular Electronics 1(1972)-2 no. 2(1973)

Power Reactor Technology l(Dsc.l951)-9(1966)

Process Instrumentation 1(1972)-

Progress in Elementary and Cosmic ray Physics 1(1952)-

Progress in Nuclear Physics 1(1950)

Progress of Theoretical Physics 30(1963)-

Progress of Theoretical Physics. Supplement 23(1962)-

R.C.A. Handbook 1971-

R.C.A. Solid State Data Book Series no.201(1972)-

Radiation Data and Reports 13(1972)- 15(1974)

Radiation Effects 1(1969)- 13(1972), [i^(l972)- 18(1972)] , 19(1973)

Radiatira. Research 1(1954)

Radiation Research Reviews 1(1968)- j(l97k)

Radio, Electronics and Communications ^£9 no.9<Kov.l96^)-ei(1966^7,22(1969)-
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Radioactivity Survey Data in Japan no.l4(Feb.l967)-no.l8(Feb.l968)

Radiocarbon l(1959)-

Radiochemical and Radioanalytical letters 2(1969)-

Radiological Health Data 1(1960)-12(1971) Continues as Radiation Data and
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Radiotronics 29(1964)- 3^(1969)
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Nuclear Active 1969-

Nuclear Canada /5(1S>66}7, 6(1967), /7(1968)-S(1969J7. U(1972)-
Nuclear Data. Section A.1(1965)-4(1968) Continues as Huclear Data Tables.

Section A.
Muclear Data. Section B. 1(1966)-2(1968) Continues as Nuclear Data Sheets.

Section B.
Huclear Data Sheets. Section B. 3(1969)- 9 no I*(l973)
Nuclear Data Tables. Section A. 5(l968)-j(Continues as Atomic Data^and Nuclear

_ . JJaxa Tab les .
Nuclear Engineering 1(1956), £2(1957.)- 6(l96l)J

1O{1965)-13 no.lA9(Oct.l968). Continues as:
Nuclear Engineering International. 13 no.l50(Nov.!968) -15(2.970),

/I6(197lff, 17(1972)-
Nudear Fusion 1(1960)-
Nuclear India 1(1962)
Nuclear Instruments 1(1957)-3(1958) Continues as:

Huclear Instruments and Methods. 4(1959)-
Nuclear Law Bulletin no.6(Hov.l970)-
Neclear Newsletter from Switzerland (1968)-
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Nuclear Physics A. 90(1967)-
Nuclear Physics B. 1(1967-)-

Nuclear Safety 1(1959)-
Nuclear Science Abstracts l( 19^8)-10(1956), /U(1957)-12(1958J7^ 15(1959)-
Nuclear Science Abstracts of Czechoslovakia 1(1970)-
Nuclear Science Abstracts of Japan 5(1966)-9 no 2(1970) Cont .as Nuclear
Nuclear Science and Applications 1 ( X & h K 1968) Science Information of
Nuclear Science and Kngineering 1(1956)-
Nuclear Science Information of Japan 1(1970)-
Nucleonics l ( l974)- 25(1967)
Nucleus 7 no.3(July 1970)-
Nukleonika ll(1966)-i6(197l)D-7(l972)] 18(1973)-

Nuovo Cimento 3(1956)-39(1965) Continues as

Nuovo Cimento A 40(1965)-

Nuovo Cimento B 40(1965)-

Nuovo Cimento Supplemento 3(1956)-7(1969)

OEM Design [l no.2(Nov.l97l)-

Philippines Nuclear Journal 2(1969)-

Philips in Science and Industry 13(1967)-

Philips Semi-conductors and Integrated Circuits

Philips Technical Review[lO no.4(Oct.1948)- 23(1962)] 2*;(l962)-
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Reactor Fuel Processing 1(1958)-9(1966)
Reactor and Fuel Processing Technology 10 no.3(1967)-12(1969). Continues

Re?.eior Technology
Res.ctor Materials 5(1^62}-13(1970)
Reactor Technology lj5(l97O)-15(1972)

Reviews of Modern Physics 1(1929)-38(1966) /39( 1967^7, 40(1968)-
La Revista del ffuovo Cimento 1(1969)-

Revue de Physique Appliquee 2(1967)- 3(1963), 5(1970)-

Eoyal Society of New Zealand,Journal 1(1971?
Scan 3(1973)-
Sciapp News l ( l 9 7 l ) -
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174 no 4001(1971)- 174 no 4005(1971)

Science and Public Affairs:Bulletin of the Atomic Scientists 26(1970)- 30 no 4
Science and Technology nos 69, 76-90, 93(1969) 11974)
Scientae 12(1971)- 14 no 2(1973)
Scientific American [[199(1958)- 2O2(l96o)j , 205(1961)-

Scientific and Technical Aerospace Reports 4 no.18(1966)-7(1969)

Scientific Research 1(1966), ^(1967)-*(1969}7« Has ceased publication
Seahorse 1(1964)-3(1969)
Search 1(1970)-
Selby's Laboratory News 13 no 4(1963)-
Semiconductor Products and Solid State Technology 6 no.l2(Dec.l963)-10(l967)

Continues as
Solid State Technology 11(1968)-

South Africa.Council for Scientific and Industrial Research. Research

Review 19(1969)-
Soviet Atomic Energy 14(1964) ̂ 5(1968) ,29(1970)
Soviet Journal of Atomic Energy 4(1958)-13(1963) Continues as Soviet Atonic Energy.
Soviet Physics-DoWLady 3(1958)-
Soviet Physics-JETP 17(196l)-28(1969)
Soviet Physics-JECP, Letters 1(1965)-10(1969)
Symposium on the Art of Glassblowlng. Proceedings. lst(1956)-
Systerns Technology no 4(Apri l 1968), no l l ( 0 c t 1970)-
Technical Book Review Index 31 no.5(1965)-
Technical Information for Insbstry [j no 1(19*69)- 10 no 10 (1972M, 11 no 2
Technical Journal l ( l 9 7 4 ) - (1973)-
Tel lus 9(1937)- 11(1959), [12(196O)] , 13(1961)-
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Texas Instruments - Semiconductor and Components Data I969-

Transistor Data Book -2 ed. (196 )_ 23rd ed(l967>- 3Otfa e d ( l 9 7 l ) 32nd ed
Tree-ring Bulletin 29(1969)- (1972) 34th ed ( l973) -

UMESCO Courier (1971)-

U.S.A.E.G. Press Release (1964)-
U.S.A.E.C. Translation l i s t no.H8(Nov.l966)-no.129(1968)
Vacuum 14(1964)-
Varian Instruments Applications 6 (1972)-
Vickers Magazine I96O-
Weir Bulletin 1969-
Welding Bulletin no.60(Mar.l969)-
Whitakers Almanack 10e(l97O)-

Wireless World /7MMar.l968)-77(197l}7, T8(1972)-
Wool Science Heview[^(l9Z>9)- 16(1956)] 19(1961)-

Addit ions s ince the l a s t Progress Report , No.21. January-June 1973

Advances i n Mass Spectrometry l ( l 9 5 9 ) - 2 ( l 9 6 3 ) , 5(1971)
Atomic Data and Nuclear Data Tables 12(1973)-
B r i t i s h National Bibliography /T951-19727, ( l2Ol ) l973-
Geology l ( l 9 7 3 ) -
Reuter Applied Atomics Reports, no.918(1973)-

Additiona since the last Progress Report. No.22. July-Dec.1973

American Chemical Society, Journal 7l(l9^9)-75(l953). 89(1967)-

Annual review of Earth and Planetary Sciences. 1(1973)-

Archaeometry 16(197^)-

Chemical Society, Journal (1912)-(1953).

Decuscope 8(1969)-

Faraday Society, Transactions /56(l96O)-57(l96l). 6o(l96k).
63(1967) 67(1971^7

Geophysical Research Letters 1(197*0-

Hydrological Annual no.3(1955)-no(10) (1962). no.12(1964)-

Industrial Equipment News 2 no.7(l973)-

Industrial News no.2(l973)-

N.Z. Electron 1(1974)-

N.Z. Journal of Agricultural Research 1(1958)-

Royal Institute of Chemistry. Journal /84(l96o)-88(l96If_)7

SGSA Journal no.4(l972)-

Science and Industry no.l(l96U)- no.12(1966),, no.28(1973).-

Semiconductor application notes D.A.T.A.book 5th ed.
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U.S. Monthly Catalog of United States Government Publications

no. 9^(1973)-

World List of Scientific Periodicals (196U)-

X-ray Spectrometry 1(1972)-

Additions since the last Progress Report. Wo.25. Jan-June 1975

Australian National Bibliography 1975-

British Standarc.3 Yearbook 1972-

Canadian Research 8 no ^(July/Aug 1975)-

C5IR0 Publications l(l973)-

Industry and Society 1974-1975

Journal de Physique. Lettres 35 no 12(Dec 197^)-

Measurement Computation News Sept/Oct 1973-

National Radiological Protection Board NRPB no £(.1972)-

Produetivily and Technology no.1.(1975)-

Pure and Applied Chemistry 1(1960)

New Zealand Atomic.Energy Committee Information Circulars l(june 1975)-

United States Energy Research and Development Administration

Weekly Announcements [1(1975)-J [l no 2(1975)-

United States Nuclear Regulatory Commission. News Releases fl(l975)-
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British Nuclear Forum Bulletin 19(1976)-

Current Contents: Physical and Chemical Sciences 16(1976)—

Journal of Physics. G. Nuclear Physicsri(l975)-T
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Nuclear News 19(1976)-

Nucleonics Week [17(1976)]-

Power Engineering [72(1968)- 79(l975|j 80(1976)-


