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1. INTRODUCTION 

This report describes the work of the Institute during 
the period July-December 1975* 

Nuclear Physics 

Problems associated with the accelerator charging 
belt continued throughout the period, but nevertheless the 
accelerator was used for 195 hours of beam time. For the 
increasing demands made for X-ray fluorescence analyses, a new 
specimen holder was constructed to permit collimation of the 
X-ray beam to less than 1 mm in diameter. 

i 
The CAMAC system that we have been building up during 

the last year is now sufficiently complete for final testing. 

Analysis of the angular distribution data for the 
27 28 reaction 'Al(p,v) Si at the 2*»83 keV resonance was completed 

and agree well with overseas data. 

A wide variety of samples were examined by (X,X*) 
spectrometry. These included blood samples from arthritis 
patients for gold level) trace elements in cannabis to correlate 
with trace elements in the soils in which the cannabis plants 
grew; an attempt to study the relative rates of erosion of rocks 
by the study of trace elements in rocks and sand; and a number 
of forensic specimens. A novel experiment was an attempt to 
determine potassium in vivo. Nuclear accelerator techniques 
are ideal for the determination of nitrogen in steel, and for 
the production of small amounts of short-lived isotopes such as 
2k 11 
Na for water-flow experiments and C for carbon translocation 

experiments in maize. 
The feasibility of using nuclear magnetic resonance 

techniques for the detection of cancer in mice was attempted 
by injecting Sarcoma 180 cells in mice and later measuring the 
spin-lattice relaxation time (Tj)' of the leg muscles, liver, 
spleen, kidneys, heart, brain and blood. At present the dis
crimination between normal and cancerous mice given by their 



2. 

blood Tj is not good enough for practical use but warrants 
further research. 

The considerable experience gained by the Institute 
on information retrieval should pay off handsomely over the 
next few years as requests come in for documentation of the 
latest data on the many aspects of problems associated with 
nuclear power. Among the programmes to be written are a 
keyword index, an author index, a report number index, a 
corporate author index and a journal title index. 

Radiation Research 

For studies on the radiation sensitivity of bacteria 
it is most important that the radiation dose can bo accurately 
measured and reproduced. Using "instant conversion" electrons 
from the accelerator we were able to achieve highly reproducible 
dosimetry in any covered vessel free of gas phase. However 
in open vessels exposed to the atmosphere results were erratic. 
The most likely explanation is that ozone, or other chemically 
active gases are produced by electron irradiation. Methods of 
overcoming this problem are being considered. 

The yellowing of lignin components of paper and wood 
by light of wavelength greater than 320 nm is difficult to 
pxplain. The presence of a triplet energy state in lignin which 
might be the precursor for free radical formation has been shown 
to be the case using phospheresconce excitation spectroscopy. 
The yellowing of wool is a major industrial problem and may 
follow a similar mechanism to that in wood. 

The quantitative demonstration of triplet-triplet 
energy transfer between like molecules has never been shown. 
However by using flash photolysis and looking for non-exponential 
decay of triplet states of organic molecules immobilised in 
plastic (an analogue could be chlorophyll immobilised in plant 
tissue) quantitative figures can now be obtained for these 
energy transfer rates. 
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Oxygen-deficient (hypoxic) regions present within many 
tumours are believed to be one cause of poor tumour control by 
radio-therapy. Our aim is to develop chemicals which will 
sensitise hypoxic, but not normal, cells, or will prevent the 
repair mechanism in tumours. Five compounds are now under 
investigation for this purpose. They are metronidazole, three 
anilino-acridine derivatives and camphor, using as the test system 
E coli B/r grown in tryptone-glucose-yeast (TGY) medium. 

During this period the cobalt-60 source was used for 
37k hours for the irradiation of kiwi fruit cuttings, seeds, 
mice, soils and chemicals for outside laboratories. 

Isotope Geochemistry 

Research using sulphur isotopes continues on both New 
Zealand and overseas samples. At the Maratoto Mine, Coromandel, 
co-existing sulphide minerals from a gold-silver mineralisation 
from isotopic data indicate a temperature of formation of about 
300 C. A late pyrite associated with calcite overgrowing quartz 
crystals gave a 6 S value of +16.9. A 6 S value of +16 ± 1% 
had previously been calculated for the ore fluid at the Tui Mine. 
Barites continue to be a profitable source of research in their 
sulphur and oxygen isotopic values, while barite and pyrite 
mineralisations in copper deposits in Peru were studied isotopical 
and when related to our experimental sulphur isotope fractionation 
data indicates a temperature of formation of about 350 C Tor these 
late vein minerals. Pilling temperatures for primary two-phase 
fluid inclusions in the barite are in the range 290-320 C. 

Barite-pyrite and barite-water calibrations based on 
INS experimental work and theoretical calculations of Sakai are 
now being used in ore deposit research and giving meaningful 
results in geothermometry. 

For the IAEA Advisory Group meeting held in Pisa in 
September a paper was presented! "Idotope Work Applied to Geo-
thermal Systems at INS". Further isotopic work at Wairakei 
shows almost identical 6D (-kk%>) and 6 1 80 (-5.6&) in J 963 and 
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197^ samples. The constancy of the 6 0 values implies that 
the hot water feeding the exploited aquifer comes from a large 
reservoir and any rechange water has not been sufficient to 

18 change its 6 0 value. Studies have also been made on thermal 
vaters from Papua-New Guinea and indicate that hot spring water 
is a mixture of cold local meteoric water and hot water of 
marine origin. Fumarole samples also are of meteoric water 
origin, except one which has a sea—water component. 

In the hydrological field many ground-water samples 
-to ||: 

have been analysed for their 0/ 0 ratio. An isotopic study 
of the Wainua Plains, Nelson, has allowed the identification 
of capped and uncapped aquifers and shown that the lower aquifer 

[ is not re-charged from rivers and as such has little potential 
tor water-supply use, whereas the upper aquifer is fed directly 
from the Wairoa River. 

Rock dating has many ramifications. The Alpine Schists 
near the Lewis Pass summit average 163 ± 9 million years, while 
along the Hope Fault the average is 1^3 ± 7 million years. In 
petroleum exploration dating of igneous rocks from the bore 

i cores assists in the interpretation of geophysical surveys of 
the stratigraphic sequence. The dating of rocks from the Kaimai 

t 

Tunnel assisted in the interpretation of whether or not stable or 
:::.-iable rocks lie ahead of the present cutting. The dating 
1 tiio Mt Somers Volcanics (80-90 m.y. ) form a time-scale for 

! i.ioomagnetic studies and the variation of measured ages of 
slate samples from greywackes of the Wellington area should 
relate to the uplift history of these rocks and their structurr.l 
position with respect to major faults and shear zones associated 

I with the Alpine Fault system. 

Radioactive Dating and Fallout 

The carbon-li» dating project,while giving over each 
period a large number of carbon-li» ages of value to archeeologists 
and geologists, also provides valuable data for the soil 
scientist, the hydrologist and meteorologist. A soil profile 
from Judgeford showed that one metre of soil had accumulated 
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over 7000 years.While the C activity of the atmosphere remains 
essentially constant, surface water at Makara fluctuates by 2J%t 

suggesting periodic inflow of deeper water. Both preparation 
of C0„ procedures and counting procedures are continually re
evaluated to take advantage of the latest techniques. The 
purification of the CO„ over hot Cu-Ag is being introduced that 
may some time replace the lime furnace method. 

Improvements have been achieved with the tritium dating 
project. A single electrolysis cell to replace the existing 
three-stage process is proving successful. A liquid scintil
lation counter is being tested to replace,if possible,gas 
counting of tritium. Present results show that the liquid 
scintillation counter has a S^—fold liigher figure of merit than 
tho old Geiger counters. The scintillation counter is also 
proving of value in toxicology in investigations concerning 
tho metabolism of C-li|—labelled and T-labelled cannabis pl.-mts. 

Fallout studies are being directed towards studies of 
plutonium concentrations in sea-water and rain-water samples, 
and to fallout products in lake sediments and soils. This 
work involved the development of new radiochemical methods 
for the separation of radionuclides on ion-exchange columns. 
Sucti methods have applications in estimating the rate of build
up of sediments in New Zealand lakes. 

Radioisotope Applications 

We are faced with many problems involving the 
measurement of dilution ratios from sewer outfalls into harbours, 
rivers and the oceans, or of industrial waste into riveru. 
These studies involve placing at the outfall a radioactive 
tracer or dye and subsequently measuring the dilution ratio at 
various time intervals at a number of places remote from the 
outfall. The tidal influence of the sea or water movements, 
particularly in harbour or river mouth situations, complicates 
the dilution patterns. Attempts have been made using diffusion 
theory to mathematically calculate the sewage field under 
various wind and tidal conditions. These calculations proved 
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successful at the proposed Titahi Bay sewer outfall. At the 
Moa Point and Per.carrov outfalls instantaneous tracer 
injections wore used from which the concentrations in the 
sewage field resulting from a continuous discharge situation 
were calculated, using a numeral integration technique. Water-
tracing studies are under investigation at Broadlands, Lake 
Maraetai, the Waimakariri River, the Wainuiomata River and 
at Burnham. 

A considerable amount of energy has gone into the study 
ol the actinide elements, in particular uranium and thorium, 
mainly in connection with the development of methods for the 
U-Th dating of corals and carbonates. It is necessary to 
quantitatively remove and measure microgram quantities of these 
i ienionts from 20-30 g of shell or coral carbonate. The elements 
l;,ll with the following series: 

1. U-238 2. Th-232 3- U-235 
U-23U Ra-228 Pa-231 
Th-230 Th-228 
Ra-226 
Pb-210 
Bi-210 
Po-213 
Pb-206 

First an ion-exchange method was developed for the 
Lioparation of uranium, iron, protactinium, thorium and 
!•! iil)-ihly americium and plutonium. The next step was to find 
itiotliod of electrodeposition which would be readily applied 

i •., t.lu> effluent from the ion-exchange syste.n. From the loader 
i i Muin first uranium, then iron, protactinium and thorium could 

I)., fluted, in this order. Using tracers of Pa-231, U-232 and 
Th-228 we were able co show that polonium estimations could be 
don*' in the presence of actinide tracers, provided the level 
ol the tracer was comparable with that of the polr nium expected. 

The isotope application group covers a wide spectrum of work from 
C0,? measurements, gamma-ray well logging, atmospheric tritium 
measurements, environmental radon measurement, potassium levels 
in grass and clover plants to the determination of various 
natural radionuclides in coal. 
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Instrumentation 

The work of the electronic and mechanical engineering 
section involves a considerable amount of new design and 
construction work, and the updating and maintenance of the 
sophisticated equipment owned by the Institute. During this 
period, to cut down the work involved in the electrolysis of 
water for the tritium projects,r>w electrolysis cells and a 
continuous feed tank were designed and constructed, so that 
the three-stage cell electrolysis process could be replaced 
by a single-stage process. 

A binary decoder-driver for a teletypewriter was 
completed for the NMB machine. To automate mass spectrometer 
experiments it is necessary to build up what is called an 
interface bus to carry the information from the mass spectro
meter to the PDP-9 computer to be analysed and ultimately 
printed out. First,standardised circuit cards were designed 
to act as terminals to send and receive the bus information. 
Then the controller circuits into and out of the computer 
were designed. 

In one month during this period no less than one 
hundred requests for assistance were received, which gives 
some idea of the maintenance work involved. 
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2. KL5EAKCH PROJECTS 

A. Nuclear Physics 

A.1 General 

No experimental work was carried out but some progress 
was made in the analysis of the y-ray angular distribution ob-

27 2ft tained at the 2483 keV resonance in the Al(p,y) Si reaction. 

A. '2 Accelerator 

A.2.1 operation - R.D. More and C.R. Purcell 

IXiring this period the accelerator was used for 195 
hours of beam time. The proton beam was used for proton-indueod 
X-rav fluorescence and proton irradiation damage studies. The 
determination of nitrogen in steel, the production of radio
active carbon dioxide for plant studies and the production of 

Na for river-flow measurements were some of the uses of the 
deuteron beam. The breakdown of usage is as follows: 

Hours Machine Day 

(No Accelerator Section 

\\6 Radiation Chemistry Section 

!NS isotope Application Section 

;•' I liLnphysics Section 

protons 65.5 27 
deuterons 70.6 16 
electrons 39.7 19 
deuterons 16. h 5 
deuterons 2.5 3 
Total: 194.7 70 

A.2.2 Maintenance 

(a) Accelerator 

A now charging belt was installed to replace its 
electrically damaged predecessor. Initially running was good 
but recently trouble has been experienced in obtaining high 
voltages. Dew point testa wore taken, these were good, elimi
nating the moisture problem that was present six months previously 
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After checking all external parameters, the tank was removed and 
the belt found to be electrically damaged on the charging surface. 

During this period an ion source was replaced, this 
time a reconditioned ion source was installed and to-date seems 
to operate satisfactorily. 

(b) Turbo-molecular Pump Set 

A turbo-molecular pump set which had run only a few 
hours developed some loud internal noises, indicating that 
perhaps the bearings were faulty. On investigation it was found 
that the rotor was scraping on the body of* the pump near the 
bearing. New bearings were installed and replaced according to 
instructions. The pump then ran well and pumped to within tha 
manufacturer's specifications. The probable cause of the fault 
was that a bearing clamp was not properly fastened, allowing 
the bearings to move and subsequently allowing the rotor to 
touch the pump housing. 

A.3 Instrumentation 

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

Degradation was noticed in X-ray spectra, and on 
investigation it was found that X-rays were suffering enhanced 
scattering and attenuation in the detector. This was assumed 
to be due to condensation of material, most probably ice, on 
the front surface of the Si(Li) crystal and was rectified by 
warming the detector while maintaining vacuum. 

It is recommended that the condition of the Si(Li) 
55 detector be periodically checked with "̂ 'Mn X-rays. Additional 

scattering is shown as a humped continuum in the spectrum at 
energies less than those of the K X-rays. 

A.3«2 X-ray Fluorescence - G. Wallace, L. Wyatt 

As a result of the requirements frequently found 
necessary in forensic investigations, a new specimen holder has 
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been constructed to permit collimation of the X-ray beam to less 
than 1 mm in diameter. The instrument includes a range of Mo 
collimators, a sighting device and a sample carriage which 
allows adjustment in two dimensions. 

Construction of a low-power transmission X-ray tube 
with selectable anode material is proceeding. The anode 
materials will be Cu, Mo and Pr. 

A.3.3 Electronics 

(a) CAMAC System - G. Wallace, K.P. Pohl 

The long-awaited Branch Highway cable eventually arri
ved at the end of October. An attempt was immediately made to 
oliock out the whole CAMAC system, including both the INS-made 
ADC interface and the commercial Teletype driver module. After 
three weeks of effort our knowledge of CAMAC operations is con
siderably more accurate. Some changes will be necessary to the 
ADC interface module and possibly also to the Teletype driver 
to allow fully independent, simultaneous, real-time operation. 

(b) Other Electronics - K.P. Pohl 

Sundry assorted repairs and smaller projects such as 
..-(Mjuontial light drivers for open day displays were dealt with. 
.so i L Bureau neutron moisture probes again required attention, 
,;. dLd a brand new (non-functioning) gamma ray spectroueter, to 
be used for soil density profiling; the latter had to be returned 
to the U.K. for servicing. 

The 512-channel Nuclear Data ND130 analyser had to 
have cable drivers installed to allow it to 'dump* to the PDP-8 
from its new position in the X-ray counting room. 

A.'+ Experimental Program 

A.'+.l 5°Ti(p,y) 5 1V - G.J. McCallum, F.C. Rumsey, K.P. Pohl 

No further work was tarried out during the period. 
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A. 4. 2 27 2R 'Al(p,y) Si - G.J. McCallum, G.E. Coote, F.C. Rumsey 

Analysis of the angular distribution data taken at 
the 2*483 keV resonance using a 15 cm diani, 10 cm thick Nal(Tl) 
detector was completed. Results obtained agree well with Singh 
and Evans '. 

E. Transition 
' (level energies 

(MeV) in MeV) 

A coeff. A, coeff. 4 
This work 

A„ coeff. A^ coeff. 

Singh and Evans 

9-37 13-987 -• 4.617 0.317£0.Oil -0.04H0.021 
2.839 '1.618 -> 1.779 0.267+0.022 -o.o66±o.o4o 

O.3l±0.03 -o.067±0.042 
0.27±0.04 -O.058±0.019 

The alignment of the equipment was checked using the 
).84 MeV radia 

the 1579 keV resonance. 

27 27 isotropic 0. 84 MeV radiation from the Al(p,p'y) Al reaction at 

Angular distribution measurements were subsequently made 
using a 70 c c Ge(Li) detector. At the close distance used for 
those measurements (6 cm) systematic errors arising from detectui 
misalignment are difficult to avoid, consequently the 9-37 MeV 
angular distribution coefficients obtained with the Nal(Tl) de
tector were used to normalise the Ge(Li) detector data. 

The results of these measurements are listed below: 

E 
y 

(MeV) 
T r a n s i t i o n 

( l e v e l e n e r g i e s i n M e V ) 
A 2 c o e f f . A. c o e f f . 

1 . 7 7 9 1 . 7 7 9 -* 0 0 . 2 5 9 ± 0 . 0 1 0 - 0 . 0 9 9 ± 0 . 0 1 9 
2 . 8 3 9 4 . 6 1 8 ^ 1 . 7 7 9 O . 2 6 7 ± 0 . 0 1 2 - 0 . 0 7 1 ± 0 . 0 2 1 

4 . 5 6 9 1 3 . 9 8 7 -* 9 . 4 1 8 0 . 2 6 4 ± 0 . 1 3 0 - 0 . 0 1 3 ± 0 . 2 1 2 

5 - 3 9 8 1 3 . 9 8 7 1 8 . 5 8 9 - O . O 5 6 ± 0 . 2 0 9 0 . 0 8 6 z 0 . 1 8 4 
1 2 . 2 1 3 . 9 8 7 -> 1 . 7 7 9 - 0 . 2 2 5 ± 0 . 1 7 5 0 . 0 1 4 ± 0 . 1 7 2 

The excellent agreement between the 2.839 MeV angular 
distribution measurements indicate that the normalisation 
technique employed has not introduced any obvious systematic 
errors. 
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Angular distribution measurements were also made at 
the 2519 koV resonance, using the 15 cm x 10 cm Nal(Tl) detector. 
Preliminary analysis of these measurements yielded the following 
results : 

E T r a n s i t i o n A„ coe f f . A. coe f f . 
y 2 k 

(MuV) ( l e v e l e n e r g i e s i n M e V ) 
9 . 3 9 5 1 4 . 0 1 4 -) 4 . 6 1 7 0 . 1 0 5 ± 0 . 0 1 3 - 0 . 0 3 4 ± 0 . 0 1 8 

2.839 4 .618 -> 1.779 0.107 ± 0 .030 0 .086 ± o.oki 

A.4.3 A Study of New High-neutron-excess Nuclides -
G.E. Coote (with a group from Simon Fraser 
Univ. under J.M. D'Auria and B.D. Pate) 

Equipment for this experiment was described in the 
previous report (lNS-R-168). Assembly of the time-of-flight 
mass spectrometer was completed during November, including in
stallation of two safety systems. The first ensures that 
vacuum oporations are carried out in the correct order and that 
the pumps are protected against failure of power, water or 
vacuum tightness, while the second removes immediately the E.H.T. 
(20 kV) and the CEMA bias (2 kV) if the ion-gauge reads higher 
than 2.10~ torr. Fig 1 shows the spectrometer in schematic 

-7 form. A pressure of 5-1° torr has been attained with no gats 
tlow into the device. 

The Bendix CEMA (Chevron Electron Multiplier Array) 
was installed and tested with a source containing several Deta-
emitters. The pulses are taken directly from the collector 
to an OHTEC 118 preamplifier outside the chamber. The result1ng 
pulses have a rise-time of less than 10 nsec and the background 
rate w a s ~ 12 counts/sec. The detector has a sensitive area of 
5 cm . it has not yet been established that recoiling nuclei 
have been detected among the beta particles; as this is a 
saturating device there is no information in the pulse-height 
spectrum. 

An attempt was made to accumulate a time-of-flight 
spec t nun, using a NaT. crystal to detect gamma rays, but this was 



•20 kV To large pump 
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Fig. (l) - Diagram of time-of-flight mass spectrometer, to be used vith a gas-jet transport 

facility at TRIUMF. 
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interrupted by failure of the E.H.T. fjedthrough before peaks 
which might have corresponded to recoiling ions of different 
mass were definitely established. An electrode of different 
design has been ordered. 

At the TR1UMF cyclotron further measurements have been 
made on fission products following bombardment of uranium with 
500 MeV protons. This involves detection of gamma- and X-rays 
in coincidence and half-life determinations by counting at several 
intervals after transportation by the gas-jet. 

A.k.k (X,X») Spectrometry - G. Wallace 

(a) Blood Samples 

Several series of blood samples were received from 
the Wellcome Medical Research Institute, where efforts were being 
made to trace gold given in treatment of arthritis patients. 
Preparation of the blood included fractionation and lyophilisation. 
Due to the presence of Zn in the samples, the lowest limit of 
detection of Au (**'0.2 y.g) was higher than would normally have 
been obtained, and Au was not detected in patients' blood. This 
result has not without interest since the serum Au levels in
dicated that Au should be readily detected in, at least, the 
rod blood cells. 

(b) Wool Samples 

Some preliminary work was done for the Wool Research 
Organisation of New Zealand, in checking elements in wool which 
could be detected by the technique. 

(c) Ar«;on Case 

A black object, supplied by Chemistry Division from a 
house fire and suspected of being a match head, was identified 
AS such by comparison with a known match head. 

(d) Cannabis 

At the request of Chemistry Division, several samples 
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of cannabis were analysed by X-ray fluorescence to investigate 
if their source of origin could be correlated. It was found that 
the elements present, and their relative amounts, could be used 
to relate the cannabis sample to the soil in which the plants 
w^re grown, and therefore to the district. 

(e) Smash and grab 

A piece of glass found in a suspect's car was matched 
with a broken plate glass window which had been smashed in a 
robbery of a shop. 

(f) Air filters 

Several sets of air filters were analysed for V.U.W. 
Physics Department. Those near highways showed high levels of 
Fe, Br and Pb, corresponding with petrol emissions, and plant 
leaves removed from areas adjacent to the highways also revealed 
high concentrations of the same elements. 

(g) Graphite Monochromator 

A 2.5 x 2.5 cm singly-curved graphite crystal was 
received from Union Carbide for selective diffraction of fluo
rescent X-rays. Because little time has been available on this 
project, not much has been done with the monochromator other 
than to check that it works. The diffracted count rate is 
lower than anticipated and this may restrict its use in X-ray. 
fluorescence. 

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

A.4.5.1 Differential Erosion Investigation 

Following a request from Lincoln College an investi
gation of rock composition was carried out. It appears that 
there is a small catchment area which drains into the Waimakariri 
River, which contains a variety of rock types) gabbro, chert, 
sandstone and argillite. These erode to give a fine sand at the 
debouchement of the stream. It was of interest to determine the 
relative contribution of the different rock types to the sand, 
and hence the relative rates of erosion. 
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Samples of the rocks were analysed by (X,X*) spectro
metry. No attempt to derive absolute concentrations was made, 
but ratios of peaks to the major peak, iron, in the spectrum 
were used. Nine elements were estimated. It was found that 
the compositions of the rocks were quite variable, therefore 
sufficient samples (about 6-10 of each rock type) were analysed 
to determine the standard deviation of the distribution. 

For analysis of the results a least squares program 
was written, which juggled the rock compositions in such a way 
as to minimise the difference from the composition of the sand. 
The process was repeated in several different ways and the end 
result shown to be insensitive to minor variations in the algo
rithm used. The sand proved to be most nearly approximated by 
9-3% chert, 6l.5# argillite, 19«8# sandstone and 9.k^ gabbro. 
This did not correspond vith the subjective estimates of rela
tive erosion rates observed in the catchment area. Most of the 
figures for the calculated composition of the sand derived from 
the above proportions of the rock materials, differed from the 
actual composition by less than two standard deviations. 

A. k.5.2 Tritium Estimations Using a Si(Li) Detector 

In gas chromatography, an electron capture detector is 
used in some modes of operation. An essential part of such a 
detector is a radioactive source incorporating tritium. A 
request was received from Chemistry Division to determine whether 
tritium might have leaked out of one such detector. In this case 
the radioactive source was supposed to be a film of scandium 
tritide in the form of a cylinder with the activity inside. The 
outside of the cylinder was examined by (X,X') spectrometry to 
determine whether it really was scandium. Negligible scandium 
was seen, but on opening the cylinder and repeating the estimation 
the bulk of the material was shown to be scandium, showing that 
the scandium titride was in the form of a foil bonded to a backing 
of different composition. 

To determine tritium concentrations use was made of 
the principle described by Pearsorr '(1973)• This relies on the 
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excitation of some suitable material by the tritium, and the X-rays 
emitted are measured in a Si(Li) detector. In this case the 
scandium X-rays were detected and a count Tor several minutes 
was quite sufficient to quantify the differences in a number of 
foils submitted. This method appears rapid and quite sensitive 
enough for its purpose, since the amounts of activity in the 
foils may be as high as 30 mCi. 

A.k.5.3 Corrosion Product Determination 

Following a request from Chemistry Division some 
specimens of pipe were examined by(p,X) and (X,X*) spectrometry 
to determine the composition of deposits. The results are still 
being evaluated. 

A.U.^.h Soil Composition 

Following a request from Massey University a number of 
soils were examined by (p,X) and (X,X*) spectrometry in connection 
with a project involving soil leaching. The results are still 
being evaluated. 

A.4.5«5 Nematode Composition 

Following the installation of a microcollimator on 
the X-ray tube, another attempt at analysing nematodes was made, 
but the specimens did not survive transit through the mail. 

A. k.5.6 Forensic Work 

Work for Chemistry Division included analysis of paint 
rn a wheel brace, wood, a Jersey, gloves,and bolt cutters. 
Reasonable success was achieved. 

A. ̂ .5.7 In-vivo Potassium Analysis 

This is of potential significance for clinical diag
nosis. Examination of (X,X') spectra of mouse livers showed 
that, with a molybdenum tube, the sensitivity was low and further 
decreased by scatter from the water contained in tissues. De
termination to ± 1^% was possible but the exercise was postponed 
until completion of the copper X-ray tube which will give better 
sensitivity. 
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A.4.5-8 Medallion Examination 

During 'open days' many submitted specimens were 
analysed by (X,X') spectrometry. One medallion claimed to be 
gold clad apparently contained nc gold. Be-examination of this 
specimen at leisure showed that a gain shift had occurred but 
that the gold was thinner than 1 |un. 

A.k.5•9 Archaeological Samples 

Some Mediterranean samples were examined by (X,X') 
spectrometry. From surface residues it was established that 
they had been used for copper smelting, not bronze manufacture. 
Some Far Eastern pottery was also examined and the characteris
tic cobalt blue detected. The authenticity of the pieces was 
confirmed (though not absolutely) by these analyses. 

A.k.6 Nitrogen Determination in Steel - R.D. More and 
C.R. Pureell 

Nitrogen determinations in steel samples were carried 
out for Chemistry Division and an engineering firm. The deu-
teron beam was used in the reaction N(d,py) N and the 
characteristic y-rays from the excited nitrogen measured. 

2k k.k.7 Production of Na - R.D. More, B.J. Barry and 
C.R. Pureell 

After trying several target materials, NaBr proved to 
be the most suitable substance. Yields of 8 i»Cx were obtained 
with a deuteron beam of 8 (iA at an energy of 2.9 MeV. This yield 
is sufficient for small tracer experiments. A production run 

2k 
of Na, using NaBr as a target, was used for a water-flow ex
periment in the Wainuiomata River. 

A. k.S Production of Radioactive Carbon Dioxide - R.D. More 
and C.R. Pureell 

Some production runs of C0 2 were conducted for the 
biophysics section of PEL. These runs were to calibrate counting 
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equipment in the plant chamber prior to commencement of carbon 
translocation experiments on maize. 

A.k.9 Anatase Studies - N.E. Whitehead 

The studies reported in an earlier report (lNS-R-157) 
were continued and finished. Samples of anatase, hydrated and 
with various impurities were irradiated with gamma rays, electrons 
and protons, all of 1.2 MeV. All irradiations were performed 
in air, including the proton irradiation. In the latter case 
the proton beam emerged into the air through a nickel foiL. 
The energy on emergence was calculated by measuring the path of 
the protons in air,and the energy of the machine adjusted so 
that the sample (placed near the foil) was irradiated with pro
tons of the correct energy. It did not prove possible to 
monitor the current via the usual methods, due to the intense 
ionisation of the surrounding air. 

The irradiations produced varying effects in tho sample. 
The dark coloration produced on heating, (described previously) 
was produced by protons and electrons but not gamma rays. A 
dose rate as low as practicable for electrons gave the same 
coloration, implying that the effect was not due to dose rate, 
or if it was, there was a threshold-type effect operating. ESR 
signals of differing kinds were produced by the proton and elec
tron irradiations and also effects on the thermal conductivity 
on annealing, and it was also shown that some of ^he anatase 
was converted to rutile (the alternative crystalline form). 

The explanation of the differences between electron 
and gamma irradiation is not simple, but may lie in the energy 
per unit volume deposited in the samples. Such differences have 

3) been seen for irradiation of alumina (Gamble, 196'»). ' 

The darkening produced on heating of an irradiated 
sample is a novel finding (except that some unirradiated dia
monds are known to do this too). (Rafter, pers. coram. ) The 
presence of sulphuric acid as an impurity appears to be important. 
The study has been written up for publication. 
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A.5 Huclear Magnetic Resonance 

A. 5.1 Development of Equipment - V.A. He aid, J.W. Pin—11 r 
and It. P. Pohl 

The major piece of equipment constructed during the 
period was a module to format and control the transfer of data 
from the digital signal averager to output devices such as a 
Teletype or a high speed paper tape punch. Experimental infor
mation set up on switches is also output. 

Other items completed were the gated phase-shifters, 
equipment for diffusion coefficient measurements and a magnet 
homogeneity controller. The completion of this equipment has 
enabled the experimental program to begin in earnest. 

Design work on a sample temperature controller has 
begun. Due to other commitments no progress has been made on 
the analogue modules. 

A.5.2 Experimental - L.A. McLachlan 

An experiment was conducted to examine the effect of 
induced cancer in mice as detected by NMR. Forty-seven mice 
were injected with killed Sarcoma 180 cells, fourteen with a 
filtered supermutant of the Sarcoma 180 solution, and twenty 
with 0.9% saline solution. The mice were killed at varying times 
after injection and the spin-lattice relaxation time, T-|, of the 
leg muscles, liver, spleen, kidneys, heart, brain and blood 
measured by the Tj null method. Twenty-six mice had tumours 
when they were killed, two had regressing tumours and at least 
three had completely regressed tumours. It is not known whether 
the other mice had regressed tumours or whether the injection 
of cancer cells was rejected in the first place. The principal 
results obtained from thase measurements are illustrated in figs. 
2 and 3. Analysis of this experiment is nearly finished and it 
is being written up both as an internal report and for publi
cation. Several conclusions can be drawn, provided the limita
tions due to both the statistical uncertainty from the small 
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number of measurements made, and the uncharacteristic behaviour 
of transplantable tumours in small mammals are not forgotten. 

There was no great difference in the mean relaxation 
times of the mice injected with Sarcoma 180 and the normal mice, 
except for the leg muscle injected with Sarcoma 180. In this 
case there was a clear distinction between normal tissue which 
always had T. below 58O ms and cancerous tissue which has T.. 
greater than 58O ms. The region of uncertainty is small, being 
due mainly to the lack of a histological examination of the 
tissue rather than imperfections in the NMR method. Overall the 
error in diagnosis is about 5#« Good temperature control of the 
sample is needed, however, to keep the error low. 

The standard deviations of T- for cancerous mice were 
the same, or larger, than those of normal mice. Of particular 
importance is the fact that the standard deviation for the T. 
of blood of cancerous mice is nearly twice that of normal mice. 
A detailed examination of the relaxation time distribution 
showed that of the mice which had tumours, between one third and 
two thirds had T- values outside that for normal mouse blood; 
the large uncertainty being caused by one normal mouse having an 
unusually low relaxation time. As it stands, the discrimination 
between normal and cancerous mice given by their blood T.. is not 
good enough for practical use, but it is good enough to warrant 
further research on this effect. 

Another experiment was completed which was basically 
a duplicate of the first experiment with a few changes being 
made in the experimental method. Digital recording of the signal 
had become available so T.. was now measured by the 90°-90 pulse 
sequence and T_ could now be measured by the Carr-Purcell-
Meiboom-Gill (CPMG) sequence. A hundred and twenty mice were 
used but some mistakes were made in the injections and only the 
control mice injected with saline solution and those injected 
intramuscularly with Sarcoma 180 cells gave useful results. 
Evaluation of the results of this experiment is not yet completed. 

Interdisciplinary projects of this sort are complex 
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and involve many people, all of whom make a necessary contri
bution to the project. In the present case these people are, 
first and foremost, Dr V. Hamilton of the National Health 
Institute who got the mice in the first place, injected them 
and clinically examined them; Mrs M.A. Cox, Misses L. Windsor 
and N. Wood, who undertook the sometimes unpleasant job of 
dissecting the mice; Mr F.R. Clarke, who made many long, draughty, 
odorous drives; Mr G.I. McCallum, who wrote the computer programs, 
and Mrs F.C. Rumsey, who is still struggling with the punched 
tape output. As well as these, there are the people who were, 
or still are involved in constructing the NMR equipment. 

A.6 PDP-8 Data Processor 

A. 6.1 Operation 

The processor continued to operate satisfactorily 
throughout the period. 

Total time run to date 20 Jk9 hours 
Time used during period 466 " 

A.7 PDP-11 Data Processor 

A.7.1 Operation - K.P. Pohl, G. Wallace, C.R. Pureell 

The PDP-11 computer was shifted into its new permanent 
quarters, was cleaned to remove the excess dust and dirt accum-
mulated during the building extensions* Two weeks of persistent 
effort was required to cajole it back into operation. Two 
"identical" boards which had been transposed during cleaning 
were part of the problem, but the main trouble was traced to a 
slightly misaligned connector. This had not even been touched 
during either the shifting or the cleaning. 

The replacement memory (see previous report) also 
arrived and was installed without problems so that we now have 
a full 28 K memory in the PDP-11. 

Total hours run to date 8997 hours 
Time during period 812 " 
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A. 7-2 Programming 

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

Some minor modifications were made to the device 
handlers. 

In anticipation of the implementation of CAMAC, some 
exploratory programming was done, using the foreground of the 
RT-11 system. This included a foreground version of PIP, used 
for transferring data between peripheral devices. Some time 
was spent in testing the new CAMAC system, and a few faults were 
discovered. 

Although the foreground system of RT-11 is designed 
for real-time acquisition of data, it has several disadvantages 
when required for use by two independent operators. There is 
only one console device, and background operation must be ter
minated to change foreground programs. As a result of this 
inflexibility, a second teletype has been added, interfaced 
through CAMAC, to act as the foreground console device, and a 
minimal foreground monitor system has been written to permit 
program loading and execution without the termination of back
ground programs. No attempt has been made to overcome the fore
ground's inability to load peripheral device handlers, but this 
is not envisaged to be a difficult problem. 

The CAMAC foreground system is entirely interrupt 
driven, and is not expected to degrade background operation 
except at high rates of data transfer. Because our CAMAC 
system is small, and a fast response was required with core 
economy, it was decided not to attempt an implementation of the 
CAMAC software language IML. This may be later reviewed, par
ticularly if IML macros become available for our type of branch 
driver. 

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

The previous progress report, INS-R-168, set out the 
then current status of INIS and the aims of the continuing work 
on it. Apart from writing descriptions of the programs and 

* 
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completing an account of the whole project for possible publi
cation, these aims have been substantially met. 

(i) SDI Service 

During the current six month period the National 
Radiation Laboratory requested that an additional subject area 
be searched regularly and NZED asked that eight additional sub
ject areas be searched. This brings the total number of profiles 
searched for outside organisations to 20. In addition Mr John 
Gilbert of the Commission for the Environment visited the Ins
titute to discuss INIS, and indicated that he would like to have 
some searches done in the new year. 

Early in the period programs SIBYL and SIBYLA (des
cribed in INS-R-168) were modified so that unavailable special 
characters were translated properly (see INS-R-168) whenever they 
occurred rather than only if they occured in titles. From July 
SIBYL was used for SDI searches and from September SIBYLA was 
used so that abstracts, which were included on tape from that 
date, would be printed out on the monthly lists. 

These programs proved to be rather more satisfactory 
than those previously used and there seems to be no reason why 
they should be further modified. 

(ii) Cumulation of Data 

This is proceeding but has been delayed because of two 
defective tapes and because a replacement tape was sent from 
Vienna in EBCDIC code instead of the standard extended ASCII. 
In future a full year's INIS data may take three 2400 ft tape 
reels because of the presence of abstracts. 

At present the following cumulations are available (each 
on one 2400 ft tape stored at Vogel Computer Centre): 

INIS Vol 4 Nos 1-12 (Jan-Jun 1973) 
INIS Vol 5 Nos 1-12 (Jan-Jun 1974) 
INIS Vol 5 Nos 13-24 (Jul-Dec 1974) 
INIS Vol 6 Nos 1-12 (Jan-Jun 1975) 
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The cumulation of Vol.6 Nos 13-24 is in progress and 
that of Vol k Nos 13-24 is held up until a translation table is 
received from Vienna. Vol 1-3 are held on the tapes at INS but 
have not been copied on MWD tapes yet and it seems doubtful 
whether there is at./ good reason to do so. 

(iii) Interactive Retrospective Retrieval 

The previous progress report discussed the rather li
mited aim of this project. During the present six month period 
program SILINE was written with this aim in view. It was always 
conceived as being relatively unsophisticated and because of 
the limitations discussed it remains a demonstration program 
rather than a retrieval tool, but it does demonstrate the feasi
bility and some of the possibilities of interactive retrospective 
retrieval. 

A.9 Nuclear Power Bibliographic Project - D.C. Robinson 

Towards the end of the six month period there was 
increasing interest in nuclear power generation. The Director 
requested that a computer system be designed to keep track of 
a rapidly increasing file of preprints and reprints on all 
aspects of this field and to allow them to be rapidly identified 
and retrieved. 

This need was met by cataloging and indexing all the 
papers according to the INIS rules and storing the information 
on disc l i'-3 INIS format but with an internal number replacing 
the INIS RN (record number). This number was also stamped on 
the preprint or reprint which was then stored in a filing cabinet 
in numerical order. 

Since the bibliographic information is held in the INIS 
format,all previously developed INIS programs may be used with it 
but since the file is relatively small only SILINE, the inter
active retrieval program, is very appropriate. It is hoped to 
put the data in a form suitable for this program at some later 
date. 
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To get the data into the INIS format a completely new 
program -S1NPUT- was written, and another new program -SINIPALL-
lists the whole file in numerical order, together with all the 
bibliographic information. These two programs were completed 
by the end of the year. Further planned programs will provide 
various types of indexes. Those envisaged are: a keyword index, 
an author index, a report number index, a corporate author index 
and a journal title index. A KVIC index is also a possibility. 



29. 

B. Radiation Research 
B.l General 

Experimental work is summarised below. Research on 
aqueous solutions B.3 was curtailed in this period owing to 
pressure or other work. 

B. 2 Radiation Sources 
B.2.1 Electron Beam Irradiations - H.C. Sutton, P.B. Roberts 

An attempt was made in this period to establish 
conditions and dosimetry suitable for the irradiation of 
suspensions of bacteria with electron beams, produced by the 
"instant conversion" technique. Two vessels, one for dosimetry 
and one for experimental irradiations, were covered with glass 
cover slips or thin films of plastic, and were placed side by 
side under the electron beam. In confirmation of earlier 
results it was shown firstly that the ratio of electron beam 
current density in the two positions remained constant to 1% 
ragardless of the erratic and uncontrollable variations of 
beam current and voJtage which occur during instant conversion 
operation. It was also shown that the ratio of radiation dose 
received in the two positions in two similar vessels of equal 
height, as measured by ferrous sulphate dosimetry, also 
remained constant, provided that each vessel was completely 
filled with solution with no supernatent gas phase. However, 
when the vessels were only partly filled with ferrous sulphate 
to a constant height, with oxygen or air passing over them, 
then erratic results were obtained. This became particularly 
evident when the solution in one vessel was bubbled with oxygen, 
as will be required for bacteria suspensions, and was observed 
even when both voltage and beam current remained nearly constant 
during irradiation. 

The most likely reason for these observations is that 
ozone or other cheir Jally active gases are produced by electron 
irradiation of the gas above or bubbling through the solution, 
and that this reacts with ferrous sulphate. Somewhat similar 
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60 observations have been reported during Co y-irradiations 
vith a large aerated headspace^ *, but the magnitude of the 
effect vith electron beam irradiations was quite unexpected, 
and sometimes amounted to J0% apparent variation of yield. 
Methods of overcoming this are in preparation, but could not 
be tested in this period owing to problems with the Van de 
Graaff accelerator. 

Electron beam irradiations of samples of anatase in 
air were carried out for Dr N. Whitehead. Radiation-induced 
changes in optical absorption of perspex were used to determine 
the megarad doses given, after previous calibration with Co 
gamma radiation. 

B.2.2 Cobalt Source 

Nothing to report. 

B.3 Radiation Chemistry of Aqueous Solutions -
H.C. Sutton and P.B. Roberts 

B.3.1 Biochemical Reactions of Superoxide Radical Ion (0~*) 

Experimental studies on reactions with oxyhaemoglobin 
and methaemoglobin have been completed, and have been written 
up for publication in collaboration with Dr C.C. Winterboura 
of the Pathology Department, Christchurch Hospital. The 
results and conclusions were given in progress report 25* 

No further studies have been made on reactions with 
unsaturated organic compounds owing to lack of electron beam 
facilities in this period. 

' ' J.J. Macfarlane, R.P. Reeve and W.T. Spragg, Int. J. 
Applied Radiation and Isotopes, I968, 12, 883. 



31-

B.4 Radiation Mechanisms in Plastics and Solids -
V.H. Nelhuish 

B.U.I Free Radicals and Radical Ions in Perspex 

No work was done in this period but results of 
previous experiments are being written up for publication. 

B.k.2(a) Fluorescence and Phosphorescence 

The yellowing of the lignin components of paper and 
wood by wavelengths greater than 320 nm is difficult to 
explain because the main absorption band of the molecules 
making up the lignin chain is at about 285 nm. Phosphorescence 
studies have been made on model lignin compounds of the general 
structure (i) to see if a triplet state, which might be the 

0R1 

OHo 

I 

precursor for free radical formation, could be excited at 
310 nm. E.S.R, work done at PEL by G.J. Smith and I.J. Miller 
showed that a triplet state might be excited in this region. 
More sensitive and quantitative measurements have been done 
using phosphorescence excitation spectroscopy which confirms 
the original observation. The details oi the photophysics 
of this reaction are not yet clear and the possibility of 
impurities has not been entirely ruled out. Further work is 
to be done on more molecules of this structure using different 
solvents. 

A paper on a double beam, single photomultiplier 
spectrofluorimeter with zero hold, described in report No.23; 
p.h5, has been published in the J.Phys.E.Sci.Inst.(1975) 8,815-

B.4.2(b) Flash photolysis 

(l) In an earlier report (no.19, p.35, 1972) it was 
shown that transfer of triplet energy from long-lived (seconds) 

(or 
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aromatic molecules to a triplet level in the host matrix (PMMA) 
can be observed at arounu room temperature as a non-exponential 
decay of the guest triplet. However transfer from short-lived 
n-7% triplet states (e.g. benzophenone) to the "VfChost state 
was not investigated. The possibility of the transfer of 
energy from the triplet state of benzophenone to PMNA was 
suggested by NcGlynn (j.Chem.Phys.(1972) 56, 1309) who pointed 
out that my earlier results (Trans.Faraday Soc.(l966) 62. 3384) 
could be interpreted as arising from triplet transfer from 
benzophenone to a PMMA triplet. I have now observed from 
triplet-triplet absorption measurements made on benzophenone 
in PMMA at temperatures from IOO to 296 K that the increase 
in non-exponential decay as the temperature is raised (see fig.l) 
shows that triplet transfer by exchange interaction is important 
above about 200 K. The energy transfer equation (curves shown 
on fig.l) has been fitted to the experimental points and the 
efficiency of transfer calculated. The insert in Fig.l shows 
a log plot of the transfer efficiency versus l/T from which it 
is possible to obtain the activation energy for transfer 
(1300 cm" ). This result is somewhat larger than that obtained 
from phosphorescence measurements made in 1966 (llOO cm ). 

It is also possible to detect the PMMA triplet by 
its absorption band at 395 na (lifetime » 1.2 sec) which has 
been populated by energy transfer from benzophenone. 

One conclusion may be drawn from these experiments: 
benzophenone may not be a suitable molecule for preventing 
light damage to perspex, despite the fact that it is a good 
ultraviolet absorber. 

(2) Triplet-triplet transfer between like molecules 
has been known for decades in crystalline material where it 
is observed as triplet exciton transfer. This type of transfer 
is considered to be much less efficient in the glassy state 
and few experiments have been made on such systems. Flash 
photolysis studies have now been made on PMMA solutions of 
naphthalene or phenanthrene at room temperature to see if the 
rate of transfer could be measured. 
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Fig. 1 - Decay of benzophenone triplet (OD = optical density 
of T - T absorption at 530 nm). 
Insert, log transfer efficiency vs l/T 
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The concentrations needed to observe non-exponential 
decay of the triplet were O.l M. The results appear to fit 
the equation derived frost the assumption of triplet-triplet 
transfer by exchange interaction with a transfer rate constant 
equal to the rate constant for emission at an average molecular 
separation of 12 A. 

The transfer rate decreased as the temperature was 
lowered, suggesting that high vibrational modes are needed 
for efficient energy transfer. 

B.5 Radiation Biology - P.B. Roberts, L.A. Windsor 

Progress reports 2k and 25 gave an account of the 
general aims, methods and terminology of the bacteriology 
laboratory. 

B.5.1 Development of Radiation Sensitizers for 
Tumour Therapy 

The oxygen-deficient (hypoxic) regions present 
within many tumours are believed to be one cause of poor tumour 
control by radiotherapy. We hope to develop chemicals which 
will sensitise hypoxic, but not normal, cells thus establishing 
a therapeutic gain in the dose required for tumour control. 
Another approach is through chemicals which prevent the 
operation of repair mechanisms in tumours. Five compounds 
are now under investigation, using as the test system E coli B/r 
grown in TGY medium, harvested during the late log growth 
phase, and irradiated with Co y-rays at dose rates around 
1.2 krad/min. 

(a) Metronidazole (Flagyl) 

The clinical use of metronidazole in the treatment 
of bacterial infections is well established. This has 
prompted its use in patient trials for radiotherapautic 
purposes even though laboratory experiments elsewhere suggest 
it has only a moderate sensitising ability. Metronidazole is 
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typical of most hypoxic cell sensitisers, which are selected 
by virtue of a high electron affinity. 

Metronidazole was found to behave as a classic 
hypoxic cell sensitiser in our system, i.e., it had no effect 
in the presence of 0_ whilst in a N, environment ( {12 ppm 0_) 
the slope of the survival curve, but not the sLoulder, was 
modified. The ratio of the survival curve slopes,with and 
without metronidazole (the enhancement ratio),was 1.7 for a 
5 mN concentration, compared with an oxygen enhancement ratio 
of 2.7. Toxic effects of metronidazole, already evident as a 
2rj% reduction in the viability of unirradiated cells, precluded 
the use of higher concentrations. The results agree with 
overseas data using the bacterium) Serratia marcescens. 

(b) Anilino-ac ridines 

The Cancer Research Laboratory, Auckland, has 
developed numerous anilino-acridine derivatives, which show 
promise in the chemotherapy of tumours. These compounds 
have a basic chemical structure which leads us to suspect 
that they night be radiation sensitisers, giving an extra 
dimension to possible tumour control. As a first step three 
compounds are to be screened for sensitising ability, namely 
derivatives 118J»1, 139W) and 10092. The l^>^ra for these 
compounds have been determined for our bacterial system as 

/ 50 about 10, 1 and 0.5 pM respectively (LD::. is the concentration 
of drug which is lethal to 50}fc of cells in 3 hours, the antici
pated time of exposure to the drug during radiation experiments). 
Thus these anilino-acridines are very toxic to bacteria and, 
if our screening system is to detect any sensitiaation, they 
will need to be highly efficient at very low concentrations. 

(c) Camphor (with O.J. Smith, P.E.L.) 

If the rate of oxygen consumption within a tumour 
could be reduced by addition of a drug, the oxygen-deficient 
volume might be expected to decrease and lead to lower doses 
for complete tumour control. This theory can only be tested 
with raulti-cellular systems with dimensions exceeding the 
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oxygen diffusion distance in tissue. Single call systeas 
such as bacteria are useful however in determining if any 
other sensitising action of the drug could be anticipated to 
complicate the data from multi-cellular or aniaal systeas. 

Caaphor is known to reduce oxygen consumption in 
cells. Ve have aade a preliminary study which indicates that 
it is also a sensitiser of hypoxic bacterial calls. At 1 aM 
concentration, caaphor has little affect in oxygen but 
under hypoxic conditions it increases sensitivity at doses 
below 30 krad virtually to that found in oxygen. The exact 
response at higher doses remains to be established so it is 
not possible, as yet, to decide whether it is the slop* or 
shoulder of the survival curve (or both) which has been 
affected. This is a surprising result since the best 
sensitisers have always been highly electron affinic or 
suspected to inhibit repair oech&nisns. The structure of 
camphor suggested, and polarography confirmed, that caaphor 
is not electron affinic and an ability to inhibit repair is 
not immediately obvious, although temporary inhibition of DNA 
and protein synthesis has been demonstrated elsewhere by 
higher caaphor concentrations. Further work on this compound 
should prove valuable. 

B.6 Applications in Industry 
B.6.1 Wood-plastic 

Nothing to report. 

B.6.2 Genetic Mutations in Kiwi Fruit - P.B. Roberts 

About 50 cuttings each of the varieties Tomuri and 
Hayvard have been gamma-irradiated with doses ranging between 
1 and 60 krads to the buds. Our efforts have been rewarded 
by a crate of kiwi fruit from Plant Diseases Division, who 
are now cultivating the irradiated cuttings. 
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B.6.3 Service Irradiation - L.V. Windsor 

The Co source was used for other laboratories as 
follows: 

122 h r s 

k it 

1 n 

25 n 

Calibration of dosimeter for Tasman Vaccine 
Laboratories 
Irradiation of fruit cuttings for Plant Diseases 
Division, D.S.I.R. 
Irradiation of mice for Department of Agriculture 
Irradia+ion of seeds for Massey University 
Sterilisation of soil samples for DSXR Soil 
Bureau 98 " 
Irradiation of chemical specimens for DSIR 
Chemistry Division 8k n 

Irradiation of specimens for Otago University kO " 
374 « 
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C. Isotope Geochemistry - Stable Isotopes 

C.l General 

C.l.l Summary - J.R. Hulston 

Currently much effort is going into completing a 
number of research projects in time for presentation at the 
stable isotope conference to be held at the Institute, 4-6 
August 1976t and with the organisation of the conference 
itself. Research using sulphur isotopes continues in the 
measurement of field samples, laboratory studies of isotope 
equilibria and in the theoretical calculation of isotope 
effects in sulphate solutions. Hydrological studies using the 
stable isotopes of water include the groundwaters of the 
Waimea Plains, the volcanic springs and fumaroles of Rabaul, 
Papua-New Guinea and the geothermal discharges in the Wairakei 
power production area. Carbon isotope studies of the 
carbonate species from the warm springs of the South Island 
of New Zealand, conducted in association with chemical studies, 
offer interesting ways of studying mineral formation and 
dissolution underground. 

Potassium-argon dating projects on Canterbury 
volcanic rocks have recently been completed and new studies 
of Mesozoic greywacke and argillite sequences of the North 
Island have begun. An on-line MS-10 mass spectrometer has now 
been satisfactorily integrated with the argon extraction system, 
enabling us to analyse three samples per day. 

C.l.2 Stable isotope Conference, August k-6, 1976 -
B.W. Robinson 

A second circular shoving the final sessions adopted 
for the conference (see Progress Report No.25) and giving the 
format for Abstracts was circulated in December. The 
anticipated attendance level is still .high, although many 
potential participants are having difficulty obtaining travel 
support. The conference is also attracting scientists who 
will work here for a short period. 
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The section on techniques, instrumentation and 
standardisation is being given strong emphasis with respect 
to standardisation and will be held early in the program 
with the hope that useful discussion and ideas may develop 
over the conference period. 

C.1.3 Open Days, H»-15 October 1975 

Permanent displays were designed by members of the 
section for use in 1975 a**d future open days. Static displays 
(in the library) comprised: 

1. CLIMATES OP THE PAST 
2. STUDIES ON THE ORIGIN OF ORE DEPOSITS - Using 

Stable Isotopes 
3- GEOTHERMAL SYSTEMS - Estimation of Underground 

Temperatures - Using Stable Isotopes 
k. HEAVY WATER IN NEW ZEALAND - Its Use for Tracing 

in the Hydrological Cycle 
5. GEOCHRONOLOGY - DATING OF ROC'S - New Zealand 

Applications. 
The tiass spectrometer laboratory and one of the chemical 
laboratories were also on display. In rddition to displaying 
the mass spectrometers in operation, a working model illustrating 
the principles of mass spectrometry was on display in the 
laboratory. 

C.l.U Mass Spectrometry Conference, 25-28 January 1977 -
J.R. Hulston 

Arrangements by the Committee of the Australian and 
New Zealand Society for Mass Spectrometry (ANZSMS) are well 
in hand for the above conference. Because two lecture 
theatres and space for trade exhibitors will be required, the 
conference will be held at Victoi.'ia University of Wellington 
rather than in Lower Hutt. The following guest lecturers have 
accepted +he Committee's invitation to present plenary lectures: 

Professor Evan Horning, Director of the Institute 
for Lipid Research, Baylor College of Medicine, 
Houston, U.S.A., 
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Professor S.R. Taylor, School of Earth Sciences, 
The Australian National University, Canberra, ACT. 

Dr Kemp Fowler, Department of Medicine, Sydney 
University. 

A grant to assist with the guest lecturers' travelling expenses 
has been made by the Medical Research Council. 

C.1.5 Overseas Study - D.G.L. Lyon 

In December Dr G.L. Lyon returned from one year's 
leave at the Physics Department, University of Calgary, 
Alberta, Canada. At Calgary he worked with Professor H. Roy 
Krouse and Dr Hugh M. Brown on a number of stable isotope 
projects: deuterium analyses of snow and stream waters at 
Marmot Creek, a representative basin in the Rocky Mountains, 
to determine groundwater re-charge patterns; a survey of 
Albertan crude oils for deuterium concentrations; tracing of 
atmospheric sulphur dioxide by stable isotope analyses. From 
Calgary he was able to attend the International Symposium on 
the Thermal Regime of Glaciers and Ice Sheets,at Vancouver,in 
April 1975, the Second United Nations Symposium on the 
Development and Use of Geothermal Resources, held in San 
Francisco in May 1975, and a symposium on the organic geo
chemistry of natural gases at the Annual Meeting of the 
Geological Society of America,at Salt Lake City in October,1975. 
Notes on the visits to other laboratories in North America and 
Europe are elaborated in his overseas report (lNS-R-175)« 

C. 2 Ore and Rock Genesis 

C.2.1 Stable Isotope Studies of Ore Deposits - B.W.Robinson, 
L.J. Prieditis and D.R. Pettis 

C.2.1.1 Mineralisation at the Maratoto Mine, Coromandel 

The gold-silver mineralisation at the Maratoto Mine 
was described in Progress Report No.23. Sulphide minerals 
have been separated from the ore samples, although many 
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difficulties were encountered due to the fine-grained nature 
of the ore. The following sulphur isotope results on the 
samples have been obtained. 

R.No. Description 6 3 S C D_(&) 

UbiU/l Acanthite from silver ore in wide 
calcite vein. Camoola S., 3rd level 
workings + 1.6 

" /6 Chalcopyrite from silver ore 
Silver Queen, 5th level + 1 . 6 

" /8 Green sphalerite from silver ore in 
quartz. Silver Queen, 5th level + 2 . 6 

" /8A,B,C Chalcopyrite from above average + 2 . 1 

" /'_) Acanthite from silver ore 
Camoola N. Uth level + 0.7 

" /lO Pyrite associated with calcite over
growing quartz crystals. Silver 
Queen 5th level +16.9 

" /l2 Pyrite from silver ore. Camoola S. 
Slope at Winz + 3*6 

" /l3 Pyrite from silver ore in calcite 
vein from 1+61*4/1 + 3«6 

Only the sample RJ46II+/8 has two minerals, sphalerite and 
chalcopyrite,which appear to be co-genetic and likely to be 
in isotopic equilibrium. The difference in isotopic values 

o indicates a temperature of formation of about 300 C, in 
agreement with primary and pseudo secondary fluid inclusion 
filling temperatures (260-290 C without pressure correction), 
for quartz samples from Maratoto. The mineral pair pyrite 
(R*46lf4/13) and acanthite (RU6lU/l) are not demonstrably co-
genetic, and the difference in isotopic values indicates a 
temperature of about U50 C. 

The range cf sulphur isotope values for the main stage 
minerals is similar to that for the sulphides from the Tui Mine. 

34 A late pyrite however shows enrichment in S. This may be 
the result of a limited supply of ^ulphur in the ore fluid and 

32 continued sulphide deposition depleting the ore fluid H ?S in S, 
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or a chemical effect, whereby complete reduction of a relatively 
high f0_ ore fluid resulting in the sulphide o"* S values closely 
representing the 6 Sr_ value. A 6 Sj.- value of +16 ± ljfe was 
calculated for the ore fluid at the Tui Nine. 

Future work on Maratoto samples will concentrate on 
mineral pairs and paragenetic trends. A suite of quartz and 
carbonate samples were given to Mr T. Christie of Geology 
Department, V.U.W., whose Ph.D. research is on the Coromandel 
mineralisation. He is initially examining fluid inclusion 
with heating and feeezing stage techniques. 

C.2.1.2 Mississippi Valley-type Deposits, Derbyshire, U.K. 
B.W. Robinson 

A few further samples of galena and barite were 
analysed to complete the study which was last described in 
Progress Report No.2**. The barite isotopic values, group 
into linear arrays on a 6 S versus 6 0 plot with best fit 
straight line slopes of 0.72, 0.75 and 0.73 for the Derbyshire 
samples and 0.51 for Whitwell samples. These values lie close 
to the theoretical slopes for barite precipitating in 
equilibrium with an ore fluid containing reduced sulphur in 
solu+ion, over a temperature range of about 50-150 C. the 
temperature variations cause the linear correlations, and 
multiple lines are produced by the nixing of two ore fluids 
and/or reduced sulphur sources which gives rise to a 
geographic change in isotope values. A joint paper with 
Dr F.R. Ineson, Geology Department, University of Sheffield, 
is being prepared for presentation at the International 
Geological Congress in Sydney, August 1976. 

C.2.1.3 Yauricocha Copper Deposit, Peru - B.V. Robinson 

Samples of barite and pyrite were obtained from 
Mr D. Weigel, University of Auckland, in order to obtain more 
information on late veins of covellite-enargite, barite and 
pyrite, which cut earlier copper sulphide mineral assemblages 
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at the Yauricocha deposit. Sulphur isotopic analyses of the 
pyrite and barite are -0.5 and +18.9% GDT, respectively. 
Using the experimental sulphur isotope fractionation data for 
HS07-BaS0., HS07-H S and Sakai's (19°8) theoretical calculations 
for FeS^-H S, the difference of 19.^ indicates a temperature 
of formation of about 350 C for these late veins. Filling 
temperatures for primary two-phase fluid inclusions in the 
barite are in the range 290-320 C, uncorrected for pressure 
and the Na/K/Ca geothermometer applied to leachates from these 
inclusions indicates a temperature of 307 to 390 C (D. Weigel, 
pers. comm.), in good agreement with the isotope temperature. 
Oxygen isotope analyses of two barites gave values of +9.9 
and +10.k%t. The ore fluid can be approximated as a 3 mole kg" 
NaCl solution and, making a correction of 2.55k for the BaSO. -

18 pure H ?0 fractionation, calculated 6 0 values for the ore 
fluid are +6.9 and +7.k%. These values lie within the range 
for magmatic waters and are consistent with the magmatic 
theories for the origin of this deposit. 

The barite-pyrite and barite-water calibrations 
based on the INS experimental work and theoretical calculations 
of Sakai are now being used in ore deposit research and give 
meaningful results. 

C. 2.1.1* Experimental Studies of Sulphur Isotope Equilibrium -
B.V. Robinson and L.J. Prieditis 

Runs are in progress at 300 and 350 C to study sulphur 
isotope exchange in the following systems: 

a) Na - SO^ - HS" 
b) Na - CI - S0]j - HS" 
c) PbS - BaSO^ - NaCl - HgO 

These are long-term experiments with run times up to 
several months. Gold tub<> charges have been prepared to study 
the following systems as furnaces became available. 

a) Sb 2S 3 - HS" - NaCl - HgO 
b) BaSO^ - PbS - NaCl - h*20 - SO" - HS~ 
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C.2.1.5 Shanrocke Copper Nine, Rhodesia - B.V. Robinson 

A paper entitled "Isotopic Evidence on the Origin 
of the Shanrocke Copper Mine, Rhodesia" with Dr R.H. Thole, 
has been accepted for publication in Mineraliusi Deposita. 

C.2.1.6 Sulphur Isotope Standards - B.V. Robinson 

The new INS BaSO. standard R^Okk (see C.2.3.2) will 
be used both for oxygen and sulphur isotope reference in the 
future. Six analyses so far give fi34§ +10.7 ±0.2% CDT. 

Difficulty had been experienced in comparing 6 S 
results from out laboratory with those of Mr J. Smith's at 
CSIRO, North Ryde. Ve analysed the CSIRO substandard and 
obtained a value of +1.0 ± O.ljfc CDT, with our R2268 at +3-2 ± 0.1&. 
CSIRO reports a value of +0.8/t for their substandard and +2.95k 
for our R2268. Thus the laboratories consistently differ by 
about 0.3%; this will not be reconciled until we can exchange 
primary standards. 

C.2.2 Carbon and Oxygen Isotopes in Petrogenesis 
18 C.2.2.I Proportional Variations of Geochemical 6 0 Scale -

An Interlaboratory Comparison - P. Blattner (G.S.) 
and J.R. Hulston 

Proportional or approximately proportional errors 
(e.g. due to inlet valve leakage) may detract considerably 
from the value of geochemical isotope analyses. To our 
knowledge no pair of solids, suitable for checking such errors, 
has been circulated to date. Ve have therefore made available 

18 to other research laboratories two solid 6 0 reference samples. 
One of the present samplos is Te Kuiti Limestone as analysed 
by Craig in 1957 ( 6 1 8 ° P D B " ~'*'1^)» the. other is a low l 8 0 
coarse-grained calcite (6 Opnn -275»)» 

An announcement concerning the availability of these 
samples appears in Oeochimica et Cosmochimica Acta 22. (1975) 1715« 
The results of the intt-rcomparison will be presented at the 
Stable Isotope Conference in August 1976. 
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C.2.3 Isotupic Studies of Sulphates - II.V. Robinson, 
D.B. Pettis 

C.2.3.1 Oxygen Isotopic Fractionation Between liarium 
Sulphate and Water at High Temperatures 

The developments on this project can be found in 
Progress Reports 22, 2k and 25. Complete oxchange expel intents 
have been run at 35° and 300°C,and agreement (within error of 
measurement) with the partial exchange experiments was achieved. 
The temperature calibration curve for BaSO, -H O oxygen isotope 
fractionation was determined by giving most weight to the high 
tempera cure runs and less weight to the low temperature runs, 
where the exchange is low and uncertainty high. Thus the 
di.fl'iculties previously experienced with the purtial equilibrium 
technique are considerably reduced. 

The calibration curve has been used in isotope 
studies of Derbyshire mineralisation, the Tui Mine, the 
Yauricocha deposit and the Kuroko deposits, Japan, where 
satisfactory results have been obtained. Sulphur and oxygen 
isotope analyses of barite can now be used as isotopic 
indicators and in geothormometry. A manuscript entitled "Oxygen 
and Sulphur Isotope Equilibria in the BaSO. — HSOj - H O System 
from 110 to 35O C and Applications" has been written witli 
M. Kusakabe and will eventually be submitted to Geochimica ct 
Oosmochimica Acta. 

C.2.3-2 Sulphate Isotope Standards - B.W. Robinson 

Barium sulphate prepared from Analar sulphuric acid 
and barium chloride has proved to give the most reproducible 
18 i*) 0 results. Consequently a large amount (100 g) of BaSO. 

(H50M) was prepared to supercede Rl»595t which ran out after 
use at a sub-standard for a short period. Fifteen analyses of 

1ft R^Okk gave a 6 0 value of +12.0 ± 0.3ft SMOW, using a a__ „ » 
o 2 2 

value of 1.01*07 at 25 C to correct to the SMOV scale. 
Standard RU595 has a value of +10,5 + 0.3?t. 

Also during this period standards MP I and MP II used 
18 by Dr A. Truesdell, Monlo Park, were analysed. MP I gave a 6 0 
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value of +5-2 ± 0.3% and MP II gave +11.9 ± 0.3% compared to 
the Menlo Park values of *k.9% and +11.5% respectively. Our 
analyses are consistently about 0.3% higher since Menlo Park 
obtained 5 0 values of +11.5% for our earlier R2998 standard 
and +10.2% for R&595* All results do however agree within the 
quoted error of ± 0.3%-

C.2.3-3 Calculation of Isotope Equilibrium Constants 
in Sulphate Solutions - J.R. Hulston 

Vork has continued with the fitting of a force 
constant model to the infrared spectra of HS07, DS07, H_S0. 
and D SO, solutions, with the aim of using these models to 
calculate the oxygen isotope equilibrium constants of HS o7 

18 and H S 0,. Difficulties have been encountered however in 
obtaining a unique solution for the force constant parameters 
even though there are more experimental infrared frequencies 
available than there are unknown parameters in the force 
constant model. This indetermination would appear to arise 
because changes of some of S-0 bond force constants which 

18 cause a frequency shift on 0 isotope substitution do not 
significantly affect the vibration frequencies of the 0-H bonds 
under deuterium isotope substitution. It therefore appears 
that the best estimate of the oxygen isotope equilibrium 
constants of HSOT and H 2S0. , which can be made at present, will 
need to assume that some of the smaller interaction force 
constants are similar to those in the SO. molecule. Vork is 
continuing in this direction. 

C-3 Geothermal Studies 

C.3.1 General 

C.3.I.I IAEA Advisory Group on the Application of Nuclear 
Techniques to Geothermal Studies - J.R. Hulston 

Although no one from the Institute was able to 
attend the meeting of this group held in Pisa, Italy, in 
September 1975, a report of the work of the isotope geochemistry 
group at INS was delivered by Dr A.J. Ellis of Chemistry Division, 
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D.S.I.R. This report has now been written up under the title 
"Isoi ,,)e Work Applied to Geothermal Systems at the Institute 
of Nuclear Sciences, N.Z." and it will appear in the proceedings 
of the meeting. 

C-3.1.2 Geothermometry - J.R. Hulston and M.A. Cox 

A number of earlier samples from Tikitere and Vhite 
Island have been re-analysed in order to measure the isolopic 
composition of the hydrogen. A field trip for a repeat collection from 
a number of wells in the Wairakei geothermal area is planned 
for February 1976. When these samples are completed it. j s 
planned that this work be written up for publication. 

O.3.I.3 Carbon Isotope Measurements from tha Warm Springs 
of the South Island - J.R. Hulston, M.A. Cox 

Dr Ivan Barnes, who is currently visiting Chemistry 
Division from the U.S. Geological Survey, is interested in a 
careful study of the chemical composition of spring waters 
to determine which minerals are depositing and which dis:-olving 
underground. As he was planning to collect from the warm 
springs of the South Island of New Zealand, the opportunity 
was taken to initiate a joint project to study the carbon 
i.sotopic ratios of the bicarbonate and carbon dioxide of these 
samples. The results of these measurements indicate that in 
most, but not all, of these waters the 6 C and total carbon 
analyses can be explained by the addition of a variable iimount 
of heavy carbonate carbon (& C ~ 0%>), to a relatively constant 
quantity of carbon of 6 C value about —25%>. The reasons for 
the results which differ from this pattern are currently under 
discussion. 

Extension of this work to the North Island warm 
springs is planned in the near future. 

C.3.2 Hydrogen and Oxygon Isotope Studies of Geothermal 
Waters 

C.3.2.1 Wairakei Geothermal Area - M.K. Stewart, M.A. Cox 

18 The hD and h 0 values of the downhole water phase 
determined from samples collected from Wairakei in 197^ were 
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found to be remarkably constant between wells (6D = —kk ± 
It SMOW, 6 1 0 = -5.6 ± O.lfc SHOW) and essentially identical 
to the results from samples collected in 1963. The hydro-
thermal water thus has an oxygen-18 shift of about 1.2/tc 

18 compared to nearby meteoric water (6 0 = -6.8%). A smaller 
number of samples collected in 1971 have similar 5D values 

18 but more variable 6 0 values (INS Progress Report No.25). 
18 The constancy of the 6 0 values between I963 and 197^ 

implies that the hot water feeding the exploited aquifer (the 
Waiora formation) comes from a large reservoir (within or 
below the Vairakei ignimbrite) and that this large reservoir 
has not gained enough recharge water since exploitation 

18 commenced to have changed its 6 0 values. Further work on 
D values of surface waters may allow the recharge area to be 
more closely defined. 

C.3-2.2 Papua-New Guinea - J.R. Hulston, M.A. Cox 

Deuterium/hydrogen and 0/ 0 ratio measurements 
of thermal waters in Matupi Harbour and Sulphur Creek, Rabaul 
Caldera,have been made as part of a joint study with the 
University of Queensland and the Australian Bureau of Mineral 
Resources. The isotope results indicate that the spring 
waters are the result of mixing of cold local meteoric waters 
with hot water of marine origin. The concentration of the 
chemicals in these waters (particularly the chloride ion) are 
however logarithmically, not linearly, correlated to the 
1sotopic composition (and temperature), indicating that either 
leaching or micropore filtration is occurring in conjunction 
with the mixing process. 

The isotopic results from the fumarole samples 
indicate that with one exception the vapour comes from meteoric 

18, 
water, evaporating in the 100 -200 C region. The one fumarole 

18 sample which has more positive &D and & O values, and hence 
could have a sea-water component, comes from the inner fumarole 
ring of the crater of Rabalankaia Volcano. It is suggested 
that this fumarole may be fed from a deeper source of water 
which contains a sea-water component. The fumarole results 
;iriJ hard to interpret because the chloride content in the 
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vapour phase is very low and thus less information is available 
than on White Island, where the high HC1 content results in a 
significant chloride content in the water vapour phase. 

C.3'3 Sulphur Isotope Studies of White Island and Ketetahi -
B.W. Robinson, L.J. Prieditis, D.R. Pettis 

Samples of total sulphur from White Island fumaroles 
were collected in November 197^ and May 1975 by Dr W. Giggenbach 
and isotopically analysed together with samples representing 
SO„ from some of the fumaroles. The values lie within the range 
of previously analysed samples and show a trend to more negative 
: S values, reflecting the increasing temperatures after a low 
temperature period in early 197^. 

Six gas samples from Ketetahi were processed to 
extract H S as Ag„S; the 6 S values of these lay between 
+1.3 and +3-3*=» which is typical for H S in other New Zealand 
(^eothermal areas. 

C.k Studies of the Hydrological Cycle 

C.-4.1 Deuterium-Hydrogen Ratio Measurements 

C..4.1.1 General - M.K. Stewart, M.A. Cox, J.E.R. Penman 

Several recurring problems with the Micromass 602C 
mass spectrometer have hampered but not seriously slowed the 
H o w of samples analysed for deuterium. All, except one of 
these problems have now been solved. Incomplete closure of 
the changeover valves (mentioned in the previous 6-monthly 
report) has been overcome by replacing the old changeover 
valves with a new set. Since it appears that the problem with 
the old valves originated from faulty materials used in their 
construction, the old valves are being renovated free of charge. 

Problems with inaccurate reading of numbers by the 
computer have recurred several times and have been temporarily 
corrected by software changes or by replacing batteries in the 
temporary interface between the mass spectrometer and tho computer. 
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A problem with noisy traces (standard deviation of 
measurement were about ± 0.8 to 1.0% on average) has been 
overcome by increasing the power to the analyser diffusion 
pump, as suggested in recent versions of the aicroaass manual. 
This has improved the pumping and prevented the occasional 
release of H 0 gas ("burping") which caused the trace instability. 
Standard deviations are now about 0.3 to 0.$%. 

C.H.2 Oxygen-l8/Qxygen-l6 Ratio Measurements in 
Waters - M.K. Stewart, N.A. Cox 

18 16 Analysis of 0/ 0 ratios continued at a good rate 
without technical problems. 2U0 samples and 100 standards 
were analysed during the period and several projects 
approached completion. Hydrological samples from an 
extensive study of groundwaters in the Vaimea Plains, Nelson 
(see Ct.3) and the first samples from the Takaka Valley were 
run. Geothermal samples included waters from Orakeikorako, 
Wairakei, Ketetahi and White Island in New Zealand and the 
first of a collection of waters from the Phillippines from 
Dr R.B. Glover of Chemistry Division, DSIR. 

C.-'*.3 Vaimca Plains Hydrology - M.K. Stewart, M.A. Cox 

An isotopic study of the Waimea Plains is being 
carried out in conjunction with Mr A. Gugelmarin, to identify 
the sources and rates of recharge of the several ground
water aquifers within the plains. Dr M.R. Johnston of the 
N.Z. Geological Survey arid Nelson Catchment Board is co
operating in this work. 

Two main rivers (the Wai-iti and the Wairoa) drain 
the surrounding high country and converge to form the Waimea 
River on the plains. Measurements over twelve months have 
shown that the rivers have very little seasonal variation in 
oxygen-18 content and that the Wai-iti and Vairoa Rivers are 
isotopically indistinguishable (6 0 « -7.2%). The Waimea 

18 River has a slightly higher 6 0 of -7-Ojt. Rainfall on the 
plains shows a large seasonal variation and has an average 
value of about -b.O/b, a value typical also of local streams. 
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18 Irrigation water, drawn from wells in the plains, has 6 0 
values in the range -6.0 to -J.0%>, but deuterium measurements 
on these samples show the effects of evaporation (i.e. higher 

18 6D and 6 0 values, in the ratio of 4:l). 

Cores from drillholos made by the Nelson Catchment 
Board have allowed the identification of two capped aquifers 
(an upper and a lower) and several (uncapped) aquifers in 
recent river gravels above the capped aquifers. Our 
measurement of water from these holes show that the lower 
capped aquifer receives recharge from the overlying aquifer 
and by infiltration of rain water (the 6 0 values range from 
-7.0 to -6.19(D), but is not recharged directly from the rivers. 
The water has a considerable age (greater than 10 years) and 
the aquifer has a 3I0W rate of recharge and consequently 
little potential for further water supply use. 

The upper capped aquifer is fed directly by seepage 
from the Wairoa River in the inland part of the plains, as 
shown by the response of well levels to rises of the river 

18 level and by 6 0 values of -7-2%> in waters of nearby wells. 
18 However, the 6 0 values become greater towards the sea 

18 (6 0 = -7«2 to -6.2%>) showing that local rainwater infiltrates 
18 into the aquifer. A steady variation in the 6 0 values with 

time has also been observed, but the cause is not understood 
at present. 

The shallow uncapped aquifers contain river water 
and evaporated river water in the vicinity of the river and 
rainwater at greater distances from the river. The upper 
capped aquifer and uncapped aquifer waters thus appear to have 
a greater potential for water supply. 



C.5 Geochronology - C.J. Adams 

C.5.1 Potassium-Argon Dating Projects 

(1) Age of tt •> Alpine Schists, Lewis Pass -
Hanmer Springs area - with R. Burden and 
G.W. Bird (V.U.V.) 

Twenty-five total-rock argillite age determinations 
have been completed along a traverse across the metamorphic and 
structural gradient of the low-grade Alpine Schists and Torlesse 
greywackes in north-west Canterbury. These results form the main 
part of a B.Sc(Hons) project to be submitted by Mr Burden in 1976 
and extend a similar study made by D. Sheppard in Lewis Pass area 
(see Progress Report No.2l). 

The ages fall into two groups, the first consisting 
of samples near the Lewis Pass summit which average I63 ± 7 ni.y. 
(mid-Jurassic) and a second group collected along the Hope Fault 
which average 1^3 -t 7 m.y. (upper Jurassic). The older age 
could extend an east-west age gradient delineated by Sheppard 
and is consistent with similar ages from the Chatham Islands 
and unpublished ages of low-grade slates in the Wellington 
j;roywackes. The younger age, 1^3 m.y., may simply reflect a 
denpur position in the structural sequence of the Alpine Schists 
and Torlesse greywackes or alternatively.be the result of some 
rli sturbances of the age pattern by the Hope Fault, a major 
ai tive transcurrent fault in the South Island. 

(2) Resolution No.1 Offshore well, C . iterbury 
Bight - B.P. Todd Exploration 

A teschenite body encountered in the drilling of the 
Resolution No.l petroleum exploration offshore well was dated 
in some detail. The teschenite represents either an isolated 
horizon in a thick sedimentary sequence or the local basement 
of such a sequence (i.e. depth below which oil recovery is very 
unlikely). Dating of these igneous rocks also confirms the 
interpretations of geophysical surveys of the stratigraphic 
sequence. 

http://alternatively.be
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Coarsely crystalline and pegmatitic varieties of the 

teschenite were dated but total rock, pyroxene, plagioclase and 

analcite fractions all had exceptionally high atmospheric argon 

contents, 95-99%» thus making accurate determinations impossible. 

It is possible that a large proportion of the atmospheric argon 

was absorbed en to analcite crystals during the crushing of the 

rock, since the amount of atmospheric argon varied with mesh 

size of total rock powder used. The most reliable ages 12 ± 2 

m.y. were obtained from very small samples of biotitc separated 

from the teschenite and the upper Miocene age can only be 

compared with the older volcanics of the Lyttleton Volcano on 

the Akaroa Peninsula to the north. It seems probable therefore 

that the teschenite is a relatively thin intrusive body into the 

sedimentary sequence. 

(3) Beesons Island Andesites, Kaimai Railway Tunnel -

B. Hegan (N.Z. Geological Survey) Turangi 

Progress on the central sections of the Kaimai Railway 

Tunnel has been extremely slow owing to unstable rock which is 

u.^ieved to form the boundary between the Beesons Island 

andesites of the Kaimai Ranges and younger, overlying Plio-

Pleistocene volcanics. Work on further sections of the tunnel 

relies heavily on the knowledge of geological sequence and par

ticularly on the extent of relatively stable andesite and their 

relation to any possible unstable, overlying younger sediments 

and crushed rock. Some K-Ar whole-rock age determinations of 

andesites in the completed western part of the tunnel were com

pared with similar rocks close to the unstable zone ahead of 

the western rock face. ilie ages of all samples collected were 
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close to h m.y. (Pliocene) and suggest that the unstable zone is 

within the Beesons Island andesite and there is no evidence that 

a zone of younger stable rock is being approached. 

Much of the completed western section of the tunnel 

runs through hot ground up to 38 C and it was interesting to 

note that the atmospheric argon content of the rocks increased 

directly with their present temperature but without any signi

ficant loss of radiogenic argon. 

(k) Mt Somers Volcanics, Canterbury - P. Oliver 
(University of Canterbury) 

Dating of the Mt Somers Volcanics has now been extended 
over the complete geographic range of Cretaceous volcanics in 
the Mt Somers, Mt Misery, Malvern Hills, Rakaia and Rangitata 
Gorge areas and ages of both andesites and rhyolites in the 
sequences fall consistently in the range 80-90 m.y. (Upper 
Cretaceous). These dates form a time-scale for palaeomagnetic 
studies of the andesite volcanics, which can then be compared 
with similar rocks elsewhere in the Chatham Islands and the South 
Island. At least one sample dated seems to be much younger 
(Oligocene) and is almost certainly a correlative of occasional 
volcanic flows in Oligocene sediments in Canterbury. 

(5) Age of low-grade metamorphism of the Wellington 
greywackes - G.W. Bird (V.U.W.) and T. Grant-
Taylor (N.Z.G.S.) Lower Hutt 

During November,argillite and low-grade slate samples 
of prehnite-pumpellyite metamorphic grade were collected in the 
Wellington district to extend studies of the Torlesse greywackes 
into the North Island. It is hoped to investigate the variation 
of measured ages with the uplift history of these rocks, their 
metamorphic rank and structural position with respect to major 
faults and shear zones associated with the Alpine Fault system. 
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C-5-2 Argon Analysis - C.J. Adams 

The argon extraction system and MS10 mass spectrometer 
were operated throughout this period and 210 argon analyses were 
completed. Nearly half of these were duplicate analyses of 
samples previously run on the Reynolds mass spectrometer prin
cipally concerning projects on the Chatham Island schists and 
volcanics; the Richtersveldt dykes, South Africa; and TakitLmu 
intrusions of Southland. In each case the cross-checks confirm 
data to be published shortly. 

The copper oxide furnace was not used in the argon 
purification line for some time and eventually was removed and 
replaced by 3A molecular sieve to trap water vapour. This proved 
very effective and considerably quicker than the original liquid 
nitrogen cold trap. 

Some preliminary experiments showed that the water-
cooled sample furnace tube could be satisfactorily replaced with 
an air-cooled furnace which is considerably longer. The quartz 
lining tubes have been made slightly larger and the rhodium heat 
shields replaced by tantalum. Three of four samples can be 
packed in this tube and at present three argon analyses can be 
done per day. 

The MS10 mass spectrometer has been tested extensively 
now and has proved versatile and simple to use. Periodic stan
dardisation with air calibration capsules and mineral standards 
has been very satisfactory. A fourth set of air capsules GAS 
60-79 were made and measured in December. 

C-5.4 Potassium Analysis - C.J. Adams, J.E. Park 

17^ potassium analyses were done in this period, 
chiefly concerned with the Alpine Schists and Mt Somers volcanics 
projects mentioned above. 

C.5.5 Rubidium-Strontium Dating Project 

Work has continued slowly bat steadily on conversion of 
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the visitor's offices in Block B to chemical laboratories for the 
Rb-Sr project. The main delays have been caused by long delivery 
time for fans used in the ventilation system. 

The publication of Rb-Sr results mentioned in previous 
reports has been held up, whilst computer programs for least 
squares regression analysis and error evaluation of Rb—Sr isochron 
data are being prepared. 

C.3.6 Mineral Separation - D. Nicholson 

Work completed in this period: 
(a) Sulphide minerals separated from three Maratoto (Coromandel) 

ore samples and heavy minerals extracted from two South 
Canterbury loess samples (for Dr B.W. Robinson). 

(h) Six Kaimai Tunnel andesite samples for K-Ar whole-rock 
dating. 

(c) Preparation of samples for Rb-Sr and K-Ar dating, from a 
sequence of Haast Schist samples extending from the Haast 
Pass to Wanaka and around Lake Wakatipu: - 23 K-Ar whole-
rock and 23 Rb-Sr whole-rock powders, Ik biotite, 1 muscovite, 
1 chlorite and 5 feldspar separations. 

(d) Whole-rock powders, biotite and titan-augite mineral sepa
rations from teschenite in the Resolution No.l offshore 
well. 

(e) Biotite and muscovite separation and purification of five 
pegmatites and granites associated with molybdenum mine
ralisation in NW Nelson. 

(f) Three total rock, 3 hornblende and 2 biotite separations 
of lamprophyres from the Lower Buller Gorge district. 

(g) Seven total rock K-Ar samples from drill-core argillite 
samples of the Kaimanawa Schists in the Tongariro Power 
Scheme tunnels and Rangipo Power House exploration drive. 

(h) K-Ar total-rock samples of k6 argillites from the Wellington 
greywackes and 1 biotite separation from greywacke .sample. 
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C.6 Research in Other Fields 

C.6.1 Nitrogen Isotopes in Forestry and Agriculture -
B.W. Robinson, L.J. Prieditis, D.R. Pettis 

Further analyses connected with the two research 
projects - nitrogen fixation in established pastures and 
N-15-enriched fertiliser studies on pumice soils (outlined 
in Progress Report No.25) - were completed during this period. 

In the project with Forest Research Institute no 
nitrate has yet been detected in the lysimeter. Also from 
the analyses completed it appears that the N—15 is dominantly 
held in the litter and the foliage; it has moved into the 
latest spring flush needles of 1975• The lysimeter will be 
monitored in 1976 and more soil, litter and foliage samples 
collected. On the basis of these results it will be decided 
if the area is to be clear-felled in 1977 or later. 

C.6.2 Sulphur Isotopes in Soils - B.W. Robinson 
and L.J. Prieditis 

Barite had been observed in two core samples of S. 
Canterbury loess; the barite was extracted by C.W. Childs of 
Soil Bureau and submitted for isotopic analysis. Sample 
No.37 gave 6 1 80 +11.0% and 6 3 / fS +1U.9&; sample No.31 6 1 80 
+ 5%> and 6 S +16.5%. The analyses indicate that the sulphate 
was not supplied diî ectly from sea-water sulphate and the 
results probably reflect biological activity in the soil. 
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D. Radioactive Dating and Fallout 

D. 1 General 

Spectacular improvements (within a worldwide context) 
continued with A. Gugelmann's overhaul of tritium procedures. 
A batch electrolysis system was developed with a volume 
reduction that exceeds the universally accepted practical 
maximum three times. Handling has been greatly reduced and 
the new liquid scintillation counter has a figure of merit that 
is fifty times that of the Geiger counters, with reproducibility 
five times as good. 

Our tritium - C-14 low-background counting is now 
being applied to the study of cannabis metabolism with Chemistry 
Division. 

Sea water on the Makara coast continued to show C-14 
fluctuations, indicating varying mixing with deeper water. 

Carl Brenninkmeijer has just completed a silver-based 
purification system for carbon dioxide for C—Ik counting. A 
suitable opportunity is still being awaited to start modernising 
obsolescent electronics. 

The fallout technique has been speeded up by W. Mason's 
introduction of a new elution method. 

D.l.l C-14 Enrichment - H.S. Jansen 

This subject has been held in abeyance in the absence 
of a fume cupboard that can cope safely with hydrogen cyanide -
potassium cyanide counter flow columns. 

D.2 Carbon-1^ Dating and Carbon-lU 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 period l6l samples were processed, 55 f° r 
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counter A (2C litres C0„), 47 for counter B (5.5 litres CO_) 
51 for counter C (12.5 litres C0 2) and 8 for counter D (small 
volume CH.). The samples processed may be classified as 
follows:-

N.Z. Geological Survey, D.S.I.R. 6k 
Soil Bureau, D.S.I.R. 13 
N.Z. Forest Service k 
N.Z. Archaeological Association 2 
Universities 19 
Museums 9 
Overseas contributors 3 
Institute of Nuclear Sciences 

Makara sea water 9 
Makara air 7 
Tarawa air 8 
Fiji air k 
Campbell Island air 7 
Humic acid project k 
Standards 8 kl 

Total: 161 

D.2.2 Carbon-lfy Concentration in Soils and 
Soil Fractions 

A 10-sample profile of a Judgeford soil, 100 inn 
apart and reaching to 1 m depth, gave a perfect picture of 
the radiocarbon remaining at each horizon. The results ranged 
from a A C w.r.t. 0.05 Oxalic Acid 1958 value at +150 ± 3% 
at the surface to -565 ± 5%> at 1 m depth, the latter figure 
representing an age of 687O. ± 110j- years before 1950. In 

13 ' addition to this, the 6 C w.r.t. PDB value became less 
negative with depth. The differences are relatively small, 
but when the trend overall is considered, they are nevertheless 
significant. The range is from a 6 C value of -27.5$ at the 
surface to -21.7%) at 1 m depth. Some thought is being given 

13 to assessing depth and age of soil by considering the 6 C 

value alone, if consistent correlation can be shown. 

D.2.3 Ocean Profiles 
No ocean profiles were determined. Surface ocean 
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water at Makara fluctuated by 27% round a value of 8j% for 
a C between June 197*» and September 1975» suggesting periodic 
inflow of deeper water. 

D.2.4 Carbon-14 Standards and Data Processing - H.S. Jansen 

The whole system of data files and handling programs 
has been completed. Debugging files and programs continued, 
as faults showed up during the wide variety of operations. 
Locating errors in files has become very laborious since the 
PDP-11 monitor was changed to Real Time (RT)-ll and Error 
(ERR)-option in READ statements became inoperative. This is 
expected to improve when a later version of RT-11 becomes 
available. 

An arrangement has been made with Mr K. Aldous of 
the Applied Mathematics Division so that a larger computer 
will become accessible for re-sorting new data into the 
existing files. This should result in a time-saving of some 
70% if access proves adequate. 

Day-to-day processing on the Shed-2 terminal of PEL's 
HP2000E computer continues to operate very satisfactorily, 
except for the excessive noise of the teletype in the laboratory. 
Re-siting is being considered, but a problem is the dual role 
of the teletype, which doubles as a data acquisition machine 
with hourly readout for C-ll» data from the counters. 

D.2.5 C-li» Counting Equipment 
D.2.5.1 Carbon Dioxide Counters A and C - M.K. Burr 

Counter A - Filling System. With a certain amount 
of basic maintenance (cleaning taps, gauges, etc.) this system 
has operated reasonably well, thus postponing the immediate 
urgency for its replacement. However it will still be necessary 
sometime in the future for the system to be re-built but as 
it will be a major operation, which could put us out of counting 
for some time, it is preferable that the work not be done until 
it is absolutely necessary or there is a pause in sample 
production. 
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Counter A and associated electronics. No major 
problems have occurred and full-time counting has been 
maintained. The replacing of a leaking coupling capacitor in 
the preamplifier resulted in the reduction of the cross-point 
voltage of approximately 70 volts. 

Counter C and associated electronics. This system 
has been in full-time operation and has given virtually no 
trouble. It is suggested that a 10 kV Fluke EHT supply be 
ordered to replace the existing 6 kV, as the average sample 
has a cross-point of approximately 5980 volts, thus having 
very little margin to compensate for samples with a slightly 
higher than normal impurity content. 

D.2.5.2 Carbon Dioxide Counter B - D.R. Currie 

This has been used to carry out routine C-l*» 
measurements satisfactorily during the review period. 
Consideration has been given to converting the electronics to 
solid state devices because of the difficulty in obtaining 
some replacement parts. 

D.2.6 Development of Small C-lU (Currie) Counter - D.R. Currie 

Both the ring counter and the small counter have been 
wired but, due to lack of time put in on this project, no 
further progress can be reported. The filling system needs 
further work. 

D.2.7 Methane C-14 (Fairhall) Counter - D.R. Currie 

During the review period remedial work was carried 
out on the vacuum system enabling the counter to be operated 
from 20 August 1975• The ring-gas storage cylinder was re
filled from a methane gas cylinder and during the review period 
nine samples, varying from <+5 oil to O.k litre, were measured 
successfully. 

D.2.8 Geological Sample Contamination Investigation - D.R.Currie 

Estimation of organic compounds in local streams was 



investigated, along with ways of oxidising these compounds to 
carbon dioxide for counting. The simplest and most effective 
way so far seems to be evaporation to dryness and subsequent 
combustion. Successful experiments on the effects of 
deliberately contaminating old carbon-14 samples have been 
made. The efficiency of one often used sample de—contamination 
procedure is investigated. The organic solution used for 
contaminating old samples was concentrated from stream water 
from Black Creek at Mangaroa. 

D.2.9 Stand-by Inverter to Run Equipment - D.R. Currie 

Parts have now been obtained Tor a filter for the 
stand-by inverter reported in Progress Report 25, and when 
time is available the filter will be added. Then the equipment 
can be given an extended test. 

D.2.10 Carbon Dioxide Purification - C.A.M. Brenninkmeijer 

The use of lime to purify counter C0„ is not as 
simple as other purification techniques,and much depends on 
the technicians charged with this work. After solving the 
problem of finding the right quality lime, the production of 
a good lime furnace-filling is difficult. The operation of 
the lime furnaces is critical, but a start was made with the 
introduction of an alternative furnace, i.e. the use of hot 
copper and silver to bind or decompose impurities, especially 
electronegative impurities. A vacuum system and a circulation 
system has been designed and constructed. Also, attention was 
paid to several aspects of C-14 counting such as the choice 
of counting gas, optimal counter design and enrichment. 

D.3 Tritium in Environmental Waters - A.A. Gugelmannn, 
and H. Anderson 

D.3.1 General 

In the period under review efforts were concentrated 
on the further development of batch electrolysis, as the liquid 
scintillation counter was expected to arrive towards the end 
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of the year. As only one suitable power supply was available 
and on account of the ill-health of Mrs Anderson, parallel 
operation of the old system was no longer possible. 

D.3.2 Electrolysis 

The first, triple electrode batch cell gave ijmiediately 
good results, so that further investigation of continuous 
feeding was postponed. For the cell cooled by tap water (lk C) 
a typical set of figures was: 

vol'ime reduction: V = 86.3 
tritium enrichment: z = 61.5 
cell performance: r = 0.924. 

Considering that on a world-vide basis a volume 
reduction up to 30 had been accepted as a practical ""y'—ini 
for tritium recovery, the experiments were successful. This 
permitted the design of a complete system which offered simple 
operation. A first set of ten cells was completed in November 
and running-in started immediately. Routine operations can 
be expected for the first half of 1976. 

The old vacuum distillation plant has still to be 
used until a re-designed system is completed. This slows 
throughput and reduces sample recovery for the time being to 
similar levels as the old system ( 1 sample/day), nevertheless 
at a considerable saving in labour, as only ten cells have to 
be handled instead of 30, without intermediate transfers and 
distillations. 

D.3.3 Tritium Counting 

In November the liquid scintillation counter was 
installed and testing for performance and reproducibility 
occupied most of the counting time. Using Beckmann Poly-Q 
vials the values for maximum E*/B are: 
TU/cpm 108.6, net count rate for standard TNBS -13*178.7 cpm 
Background cpm 2.1. TU/cpm for old counter 1100. 
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In other words, the liquid scintillation counter has a 50-fold 
higher figure of merit than the old Geiger counters. 

Reproducibility of the sample preparations proved to 
be better as well, with 1C = 0.$% compared to 2.k% for counter 
no.66. For the gas fillings of the Geiger counters eight 
samples required two days for one operator, whereas now the 
equivalent requires hardly more than one hour. Further 
improvements, using automatic dispensers are still possible, 
but this is not urgent. 

In the period 19 November to 29 December 1975, 159 
counting runs were recorded. This is more than four Geiger 
counters could have achieved together in a similar period. 
Also it is now possible to measure all routine controls of the 
tritium levels in the laboratories without enrichment. Low-
level performance for C-lJ* with 5 ml benzene samples in a full 
C-lJ| window reached a counting efficiency of 9k% with 23 cpm 
background or in a narrow window 66% efficiency with 11.1 cpm 
background. Comparisons with the INS-built machine are not 
reliable at this stage as it has not yet operated consistently. 

Preliminary investigations concerning the metabolism 
of doubly-labelled cannabis plants were made in collaboration 
with Dr N.K. McCallum from Chemistry Division (Toxicology). 
The high cost of the dual labelled compounds requires low level 
counting techniques to use the available amount for a sufficient 
number of samples. 

D.k Radioactive Fallout - W.J. Mason 

Two rain samples and one sea sample were analysed 
during the period for fallout, see Table 1 and 2. 

Some standard Pu-239 arrived, so preliminary tests 
were carried out to find a suitable method for measuring 
plutonium in sea and rain samples. We have so far achieved 60# 
recoveries. We are also waiting for a new semiconductor 
detector for the alpha spectrometer since the one we have at 
tin' moment has been contaminated with high activity. 
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A new method was developed for the ion-exchange 
separation of Y, Eu, Pm, Nb and Ce, which will be quicker than 
the old method, particularly for- lake sediment samples, since 
we will be able to do either three or six at a time (how many 
we do depends on the pre-processing time before going on the 
ion-exchange resin). The method was developed with the help 
of two papers published in the literature: 
1. Journal of Radioanalytical Chemistry, vol.26 (l973» 17-1?) 
2. Radiochemical and Radioanalytical Letters 1974 (l8/l)7-l4). 
The first reference gives a mathematical formula for predicting 
the position of a rare earth peak by changing either, or both 
the molecular concentration of the elutant (NH. lactate) and 
the pH. The second gives a method for starting the elution of 
yttrium at pH 4.2 and 0.2 M NH. lactate instead of at pH 3.1. 
The effect J.S that the rare earths start coming off after 10 
tubes (6 minutes to fill) instead of about tube 50 (6 minutes 
to fill). 

A soil sample was analysed for Sr-90 by a method 
which is an adaption of the present lake sediment method. Using 
Gracefield Shed-2 soil a value of 103 pc/kg was measured. It 
will now be necessary to find an appropriate place to take 
samples and measure every three months so as to see over a 
period of time the rate at which Sr—90 is disappearing from 
the top soil. 

Some preliminary work was done for Dr Adams on the 
manufacturing and testing of an ion selective electrode to 
measure potassium for K-Ar dating. A membrane containing the 
antibiotic valinomycin was prepared in a matrix of PVC and 
dibutylphthalate about 1 mm thick; this was attached to a 
cellv.loid tube. Tests were carried out to see which other 
common rock-forming ions affect the response of the membrane. 
Quite a few of them did. Work has stoppeii pending the arrival 
of some m-benzene disulphonic acid which has a high boiling 
point so it will enable us to boil off other anions present 

t i it i 
such as F , CI , SO. , N0_. 

Some hack-up work was done for Mr McCabe who in 
conjunction with Grasslands Division, Palmers^on North used 
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K-^2 to measure the uptake of potassium by plants growing in a 
hydroponic solution. Extremely low K concentrations were 
measured ( 0.1 ppm K) using the modified flame photometer. 

Some time during the period was spent doing K analyses 
for Dr Adams. 

The laboratory centrifuge, after 20 years continuous 
service, finally broke down (electric motor arcing). It was 
repaired and reconditioned by Mr R.G. Ditchburn. 

D.5 Dating by Electron-spin Resonance - N.E. Whitehead 

A satisfactory standard (pitch) was found, and the 
program re-started with a number of irradiations and spectrum 
determinations. 

D.6 Sediment Dating - W.J. McCabe, R.G. Ditchburn 

Work was re-commenced on the Lake Pukaki cores. 
Preliminary counting indicates that lead-210 dating will be 
impossible due to the low level of unsupported activity. 
However the caesium-137 activity was measurable and should 
provide a means of determining the sedimentation rate. 



TAi-tl.B 1 -RADIONUCLIDES IN RAIN UJATER - J u l y - December 1975 

Sta t ion - Cracaf ie ld , Lower Hutt . E 174°S5* S 41°14' S t a i n l e s s Steel Collector 30.5 cm diameter 

Sampling 
per iod 

R a i n f a l l 
cm. 

Cs-137 
Tj s 30y, 

Sr-90 
• 28y. 

Om-147 
2 .65y . 

Ce-144 
284d. 

i v - 9 1 
59d. 

Pr-143 
1 3 . 7 d . 

ao-140 
1 2 . 8 d . 

Nd-147 
1 1 . I d . a 1 4 0 / c 90 3a. / S r _ 1 3 7 / c 9C Cs / S r 

A p r i l 
May 
J u n e 

4 3 . 8 0 

2 
mc/km 

p c / 1 

0 . 0 7 8 

0 . 1 7 7 

O.O56 

0 . 1 2 6 

0 . 3 4 

0 . 7 7 

0 . 9 3 

2 . 1 0 

0 . 4 7 

1 . 0 6 
1 . 4 0 

J u l y 
A u g u s t 
S e p t e m v 

4 3 . 0 7 
e r 

mc/km 

pc/i 

0 . 0 9 2 

0 . 2 1 1 

O.O63 

0 . 9 6 

0 . 2 4 

0 . 5 4 

0 . 7 9 

1 . 8 1 

0 . 1 6 

0 . 3 7 
l.Jk 

TABLE 2 - RADIONUCLIDE CONTENT OF NEW ZEALAND COASTAL WATERS 

K . N o . L o c a t i o n C o l l e c t i o n 
D a t e 

C h l o r i d e 
g / 1 

C s - 1 3 7 
p c / 1 

T £ = 3 0 y . 

S r - 9 0 
p c / 1 
= 2 8 y . 

P m - 1 4 8 
p c / 1 

= 2 . 6 5 . y . 

C e - 1 4 4 
p c / 1 

= 2 8 4 d . 

Y - 9 1 
p c / 1 
=59cl . 

P r - 1 4 3 
p c / 1 

= 1 3 . 7 d . 

b a - 1 4 0 
p c / 1 

= 1 2 . 8 d . 

N d - 1 4 7 
p c / 1 

1 1 . I d . 
^ C s / ^ S x 

5 0 3 5 Makara 2 5 . 9 . 7 5 1 9 . 4 5 O.O57 0 . 0 6 4 

i i 
1 ; 

0 . 0 3 7 ; 

- i i 
The overall uncartainties givo a standard deviation of approximately *_ 5% 
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E. Radioisotope Applications - W.J. McCabe 

Mr D.C. Lowe returned from his overseas visit during 
October. During his absence Mr 0. Rowse maintained the 
atmospheric C0„ and tritium stations at Baring Head. 

E.l Manukau Harbour Project 
No action. 

E.2 Wellington Harbour Investigation 

This work is completed and reported in INS-R-1^3 and 
INS-R-I63. The methods developed for the injection and tracing 
of the radioactive patches have proved to yield sufficient 
data for the computer evaluation of the dispersion of effluenr. 
The time integration of the results to give dilution ratios of 
the associated field, while subject to gross assumptions, is 
believed to be of sufficient accuracy if used with care. It 
has been shown that by calibration of dye patches, dye injections 
alone could usefully give approximate limits of dilution ratios 
of a sewage field. Correspondence between calculated and 
measured bacteria fields was reasonable, but there are obviously 
more complicated factors governing concentrations of bacteria 
in the receiving waters. 

Although the method of analysis used was completely 
numerical, there is sufficient flexibility in it to enable 
extension of the results for a statistical survey of an outfall 
under all conditions. 

E.3 Underground Flow at Broadlands 
No action. 

E.k Lake Maraetai Project 
No action. 

E.5 Activation analysis 

No further action is proposed on this project. It 
will be deleted from the next report. 
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E.6 Iodide in Natural Waters - B.J. Barry 

Extracts of soil samples from a Maori archaeological 
site near Wellington were analysed for iodide by electrode for 
Victoria University. It was thought that iodide might be 
present due to the use of seaweed in human activities at the 
site. However, only very low levels (around 10 ng.ml- iodide) 
near the detection limit were found. 

E.7 Actinide Chemistry - N.E. Whitehead, W.J. McCabe, 
and R.G. Ditchburn 

Polonium (Po) estimations are performed under 
conditions under which some of the actinides might conceivably 
interfere. Experiments were performed to check on the 
possibility and extent of this. A silver disk, similar to the 
stainless steel disk used for electroplating the actinides was 
spun for 30 minutes at 90 C in a M HC1 solution maintained in 
a reducing state with SOp. Less than 0.5$ of the Pa-231 added 
plated out. The combined U-232, Th-228 tracer was treated in 
a similar manner. Significant activity was plated out from this 
tracer. This decreased on counting with an apparent half-life 
of about 60 minutes and was therefore possibly Bi-212. Long 
term (several days) however, the activity reached a minimum, 
then increased again, showing that some plating out (less than 
0.7#) of the initial activity of uranium and thorium had 
occurred. The result of these experiments is that polonium 
estimations may be done in the presence of actinide tracers, 
provided the level of tracer is comparable with that of the 
polonium expected (in which case any error introduced will be 
very small). 

E.7'1 Ion Exchange Separations 

Using Dowex 5OWX8, further work yielded the following 
system for the separation of uranium, iron, protactinium, 
thorium and probably americium and plutonium. The loaded column 
is eluted with 0.5 H_S0. which yields uranium, then iron may be 
stripped with 2 M HC1. Protactinium is then eluted with 0.7 M 
H SO, saturated with S0„, and thorium with 2.5 M H„S0. or 
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oxalic acid (the former is preferable if further processing 
is to be performed). Plutonium and americium do not elute 
under these conditions. Americium may be eluted with 6-8 M 
HC1, or k M HNO + O.O596 H ^ . 

E.7-2 Electrodeposition of Protactinium 

Various conditions were investigated, the aim being 
to find a method of electrodeposition which would be readily 
applied to the effluent from an ion exchange system such as 
described above. Difficulty was experienced initially with 
low yields, deposition on the apparatus in places other than 
those desired, and other phenomena which appeared related to 
possible hydrolysis processes. It seems that there is a time 
dependent phenomenon here. Fuming with sulphuric acid turns 
the protactinium into a form which does not precipitate, i.e., 
it reverses hydrolysis processes. 

It was found that the optimum conditions for electro
deposition were about pH 7 in sulphate medium with 696 sodium 
fluoride present at 85-90 C. These conditions resemble those 
found independently by other authors. Care should be taken 
to prevent the solution becoming alkaline during adjustment 
to pH 7. Two new 2*00 m m 2 alpha detectors were ordered for 
this project. 

E.7.3 Plutonium Isotope Ratio Estimation 

An attempt was made to determine the Pu-238/Pu-239 
ratio in a specimen of Pu-239 from Amersham to be used for 
standardisation of a plutonium estimation method. Since no 
satisfactory alpha detector was available, gamma ray spectro
metry and X-ray spectrometry were used. Alpha counting is the 
method of choice. The y-ray spectrum showed a major peak at 
59 keV not attributable to plutonium isotopes which could, 
however, be U-232 (from Pu-236 decay) or U-237 (from Pu-2'»l). 
The former wan better supported by the evidence. The peaks 
due to Pu-238 were as expected very small and the best 
estimate possible was that the Pu-238 content could be as high 
as k t 2 % 
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E.8 Atmospheric CO Project - D.C. Lowe, O.J. Rowse 

Recording continued although instrumental problems 
still persisted. A URAS 2T infrared analyser was ordered to 
replace the present instrument. 

i 

E. 9 Brick Densities - B.J. Barry 

A report (lNS-R-174) on this work, which was 
summarised in Progress Report 2k, has been completed. No 
further action is required. 

E.10 Iodide as a Resin Tra:er 

No further work will be done as PEL has cancelled 
i the protein separation project. 

E.ll C0„ Levels in Cylinders - B.J. Barry, O.J. Rowse 

This service was performed on MV Hawea and MV Aorangi. 

E.12 Cassette Recorders 

No action. 

E.13 Waimakariri River Estuary - W.J. McCabe, B.J. Barry 

Tests postponed because of continued high river 
flows up to the end of the year. 

E.Ik Flow Measurements 

E. lii.l Waimakariri River Gauging - B.J. Barry, W.J. McCabe 

No action. 

E.l*».2 Wainuiomata River - B.J. Barry 

Two flow measurements were made of the Wainuiomata 
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River. In both cases continuous injections were used and the 
activity was determined by continuous monitoring combined with 
sampling at a known time. On both days the flow was approximately 
0.5 m-" sec • Several valuable lessons concerning the techniques 
of flow measurement were learned. 

The requirements for measuring flow without achieving 
complete mixing of the tracer have been investigated. It turns 
out that the pattern of flow variation across the river must be 
known. It is not clear how this could be determined but it may 
be that the concentration variation itself could provide a clue. 

E.15 Trade Waste Effluent Flows - B.J. Barry 

The report was completed. No further action is 
required. 

E.16 Well Logging - B.J. Barry 

Gamma logs of an artesian bore at the Shandon Golf 
Club were produced for Geophysics Division as part of their 
investigation of such methods. 

L.I? Mixing of Concrete - B.J. Barry, W.J. McCabe 

The experiments described in the previous progress 
report were carried out. Some inefficient mixing occurred at 
the top of the batch of concrete tested but mixing was otherwise 
satisfactory. A report on the project has been completed, 
1NS-R-171. 

E.18 Atmospheric Tritium - D.C. Lowe, O.J. Rowse 

Measurements continue. 

E.19 Burnham Underground Water Flows - W.J. McCabe 

A safety assessment for a tracer investigation, using 
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iodine-131, to study the rate of movement of surface irrigated 
effluent into and along the underground water system was 
prepared. The test is scheduled for January 1976. 

E. 20 Potassium Uptake by Grass and Clover — W.J. McCabe 
and B.J. Barry 

In collaboration with Dr Hay of Grasslands Division, 
a preliminary trial was made to observe the movement of low-
level potassium ( 1 ppm) from nutrient solutions to grass and 
clover plants which had been raised in high and low level 
potassium solutions. High specific activity potassium-^2 was 
used as the tracer. 

E.21 Environmental Radon Measurements - N.E. Whitehead 

The method of Kerr et al. (Analyst 87_, 9M-8, 1962) 
was used as modified by Gregory (NRL, 197*0 • I* consists of 
isolating the 20-minute half-life Bi-2H# daughter of Rn-222 
by precipitating it as the bismuth salt of n-propyl gallate. 
The precipitate is then counted. The method was standardised 
by a known radium source, which generated a known amount of 
radon in a ^iven time. This method is to be used at Broadlands 
^eothermal field in February 1976. The sensitivity appears 
to be 20-100 pCi 1~ which is rather insensitive, but adequate 
for natural waters. 

Taking advantage of a field trip by Chemistry Division, 
samples of most South Island hot springs were collected, and 
analysed. The difficulties experienced are summarised in 
INS-R-176. The results ranged from 100-1800 pCi l" . 

E.22 Gamma Activity Determinations - N.E. Whitehead 

(a) The Ge(Li) detector was used to determine the 
identity and extent of possible impurities in a sample of Mo-99 
for Wellington Hospital. These were mainly minor amounts of 
fission products. 

(b) An attempt was made to determine the amounts of 
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various natural radionuclides in coal. This was done by filling 
a large per^pex jacket with coal and surrounding the detector 
with it. Even on a fifteen hour count uranium and radium were 
not detectable, only small amounts of Pb-212 from the thorium 
decay series. The statistical error was still very poor, so 
this approach was abandoned. A proper coincidence array is 
needed, or chemistry, to separate the individual nuclides. 

(c) For Open Day a demonstration was set up, showing 
the activity of natural potassium. The 5 x 6 inch (12 cm x 
15 cm) Nal(Tl) detector was used, and a single channel analyser 
with scaler was set up to detect the 1U60 keV peak of K-40 with 
maximum sensitivity. A 5°0 S bottle of potassium sulphate 
(containing twice as much K-40 as the average body) causes a 
marked increase in count rate when placed near the detector. 

(d) Some drilling cores (Geophysics Division) were 
tested in a Nal(Tl) well crystal, in an exercise to examine 
the feasibility of well-logging. Differences were observed 
but they did not correspond to those observed in the field, and 
it would appear that radon in the drillhole is the major 
contributor to the activity rather than other naturally occurring 
i sotopes. 

(e) Using the Ge(Li) detector, attempts were made 
;o estimate Cs-137 for the National Radiation Laboratory. 
ALthough the isotope could be detected, the amounts were low 
•:. i the calibration curve was not satisfactory. It was 
concluded that a much more sophisticated detector array for 
low background work was needed. 
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F. Instrumentation - J.D. McCormick 

F.l Mechanical - L. Wyatt, A. Jalil, J. MacKintosh 
and C. Long 

F.l.l Open Days - L. Wyatt 

Considerable time during the period under review was 
spent in preparing exhibits for the open days which were held 
in November 1975- Three large photographic display boards 
were prepared with the assistance of the Head Office photographer. 
Also a schematic display of our vacuum leak detection facility 
was prepared. Using suitable lighting and electronic control, 
(made by B. Lett) a simulated pump-down and leak-testing 
programme could be shown. 

F.l.2 Mini-collimator and Scanning Sample Holder _ L. Wyatt 

This equipment, reported on briefly in the last six-
monthly report (F.l.3), has now been completed. The collimator 
made of aluminium is wedge-shaped and four inches long. One 
side is fitted with a molybdenum sleeve,which is a snug fit 
on the X-ray tube. Three different molybdenum collimators 
can be fitted into this sleeve to project through to the long 
sloping face of the block, where the scanning sample holder 
is located. This sample holder is designed to track along 
this sloping face from end-to-end and up and down; this is 
achieved by precision-made screws and round guide bars which 
keep the sample holder on an even plane during adjustments. 
A sighting aperture for alignment purposes was also provided. 

F.1.3 Miscellaneous - L. Wyatt 

A number of relatively small items were also completed:-
Machining of •Vero' boxes for the electronic section; a new 
induction coil for the R.F. heater in the oxygen isotope 
laboratory; extension pieces for vacuum pumps (new labs in 
Block B); new thermocouple connection for the sulphur project, 
and new electrodes for the same project; and a new furnace tube 
for the carbon dating project. 
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F.1.4 Electrolysis Cells - A. Jalil 

To achieve faster and higher tritium enrichment, 
better apparatus is called for. A continuous feed electrolysis 
cell was designed, drawn and constructed in the engineering 
workshop. 

The construction of a cell is shown in Fig.l. It 
consists of three major metal parts. The exact composition 
of the metal used is very important. The outer casing is of 
47.62 mm O.D. mild steel tube. To this a brass threaded 
collar is welded at one end, and the bottom end is blanked off, 
with a mild steel retaining cone welded to it. The intermediate 
cell is of JOk stainless steel, 31.75 urn O.D. and has a 10 mm 
diameter stainless steel splashing unit welded to the top end. 
It is held in place by a PTFE insulation ring provided with an 
0-ring seal which in turn is held firmly by an M10 stainless 
steel locking nut. Two sets of four ventilation holes, 5 nun 
diameter, were drilled on the top circumference of the cell, 
thus allowing gases to escape. The inner cell is of mild 
steel tube, 19*05 O.D., and is resting on a mild steel retaining 
cone which is insulated from the intermediate cell by PTFE 
spacer rings at the top and bottom. Draining slots 1 mm wide 
by 12 mm length were machined on the end of the tube. The 
three major components are held in place by a brass locking 
ring, which also acts as a negative connection. 

Before experiments were carried out, grease and dirt 
wore removed in benzene, followed by a warm phosphoric acid 
bath for ten minutes, then a hot water rinse, and a filling 
with 1% NaOH to neutralise traces of the acid. The first time 
the cell was run, a filling of 1# NaOH was used to protect it 
against corrosion. The current was kept at 5 A at approx. 2.1 V, 
and run for one week. During this time the surface of the cell 
became coated with a uniform grey layer. The cell was then 
cooled in a mineral oil (Mobil Rubex 75) to eliminate the 
problem of exterior cell corrosion and to improve the performance. 
So far no serious problems have been noted in the design, or the 
performance, although minor changes were made between manu
facturing the prototype and the ten additional units required. 
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F.1.5 Continuous Peed Tank (see Fig.2) - A. Jalil 

A tank, 220 am in diameter by 55 am high, made from 
type 30̂ 1 stainless steel, has a conical base and is fitted 
with a perspex cover, sealed with an "0"-ring and held in 
place by six M6 cap screws. A 5 ai OD stainless steel tube, 
complete with a standard Edwards vacuuai fitting, was argon-arc 
welded to the lower part of the tank (to provide a connection 
to an electrolysis cell). The perspex cover is fitted with a 
filler cap and a filter-breather unit. The tank is mounted on 
four adjustable legs. 

F.1.6 Miscellaneous - A. Jalil 

During this period several saall and urgent jobs 
were undertaken: posters made for D.S.I.R. Open Days; 
modification to the K-Ar oven; a stainless flaring tool and 
an electronic rack. 

F.1.7 Nickel Reaction Tubes - J. MacKintosh 

Two experimental reaction tubes were made of 
aluminium. The modified design incorporates O-ring grooves 
in the top flange for easy assembly. Four reaction tubes, 
two 128 mm and two 152 mm long were made from stainless steel 
tube and were fitted with nickel flanges.(oxygen Isotope lab.). 

F.1.8 Hoke Valve Diaphragms - J. MacKintosh 

Hoke valve diaphragms were made, using the University 
of Queensland technique. A precision jig for swaging the 
serrations in the stainless steel diaphragms were made. A 
stainless steel Jig was also accurately machined and used for 
the lopping of the coned seal and new bellows fitted. Test 
results are awaited from the mass spectrometry section. 

F.1.9 A die for blood sample pellets - J. MacKintosh 

A die, withstanding a pressure of 20 psi, for 
producing blood-sample pellets of 1 cm diameter, was precision 
machined. 
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F.1.10 Mould for Shield - J. MacKintosh 

A mould for casting lead shields for underwater 
probes was male to close tolerance. 

Two 7 c m underwater probes to a new design, complete 
with cable fittings, were manufactured and tested to k atm. 

F.l.ll Miscellaneous - J. MacKintosh 

Various other items were completed, i.e., a card 
trolley for the library, brackets for rack mountings, drilling 
jigs and glass-to-metal seals for the tritium counter. 

F.1.12 Methane carbon-lU Counting System - C. Long 

Parts were made from brass for the methane counter 
which required the machining of O-ring grooves and flanges. 
Special nuts were required for quick attachment purposes. 
Parts similar to those mentioned above were made for the 
vacuum system. These required the modification of a Whitey 
valve type 0KM2. 

P.1.13 Carbon-1^ Benzene Counting System - C. Long 

Caps for the sample vials,made from tufnol,required 
O-rings and machining to fit each individual vial. 

F.2 Scientific Glassblowing - J. Judd 

The period covered is from the date of return to 
duty in October, till December. Various small jobs that had 
accumulated were done, including a filament change for the 
mass spectrometry laboratory and work for the Biophysics, 
Materials, Science and Mechanical Development Research 
sections of PEL. The new glass cut-off machine was installed 
and a start was wie on a system for Mr C. Brenninkmeijer 
for removal of contaminants from, carbon dioxide samples as 
an alternative to the lime furnace in current use. 
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F.3 Electronics - V.H. Heald, J. Plummer, N.B. 
Spedding, R.G. Currie, B.J. Lett 

F.3-1 NMR Updating - W.H. Heald 

The transmitter drive unit which was held up for a 
few components is now caompleted and working satisfactorily. 
The unit housing the power supplies for homogeneity 
adjustment and the magnet field stabiliser is complete, as 
is a pulser unit for diffusion coefficient measurements. 

Design work has started on a temperature controller 
for setting the temperature of the sample by using a current 
of warmed or cooled air. The actual sample temperature is 
to be displayed digitally. 

F.3.2 Rb-Sr Laboratory - W.H. Heald 

MOVD has now let the contract for the ventilation 
system. 

F.3.3 Underwater Probes - W.H. Heald 

The small probes have now been completed. Two of 
the large probes are under construction. 

F.J.k Binary Decoder-Driver - J. Plummer 

The work on the binary decoder-driver for a Tele
typewriter (model ASR 33)t described in the last progress 
report (F.3.4), has been completed. The equipment has now 
run successfully for several months. A handbook for this 
is in preparation. 

F.3.5 Interface Bus (IEEE W8-1975) - J. Plummer 

The design of the modules (see previous report,F.3«5) 
has been updated to comply with the officially (1975) used 
specifications of the IEEE. The main modules have been bench 
tested and are now being incorporated into equipmert designed 
by other staff. 
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The design of the interface controller (80 integrated 
circuits) is well advanced. The controller passes on the 
instructions to the interface bus from the PDP-9 computer. 
Optical isolation for the computer is also included. 

5.3-6 A Remote Terminal Prom a Calculator - N.B. Spedding 

A Spicer FMP 1200 printing calculator was converted 
to act as a remote "terminal" on the IEEE instrument interface 
bus. To take advantage of the printer control functions 
already present in the calculator, an opto-isolator "keyboard" 
replaces the original, and sixteen character/printing 
functions are available, including digits 0-9, decimal point, 
symbols: -r, -, *; clear entry and clear. The printer also 
has a print red/black facility which has been used to indicate 
parity error in the byte serial ASCII input. Cycle time 
(owing to the non-bounce circuitry in the calculator) is forty 
milliseconds for a non-print function and eight hundred milli
seconds for printing. 

A keyboard decoder was also built operating on an 
eight by eight matrix, with an erasable programmable read-only 
memory to provide one to one key-function allocation, and the 
output is (eight-bit) byte serial. 

Both designs offer maximum flexibility in the 
conversion of other brands of calculators, and although 
designed to work into talker/listener interface modules, lend 
themselves readily to direct control from other sources, 
capable of operating a two-wire handshake. 

F.3.7 Four-channel Data Recorders - R.C. Currie 

These recorders, designed for field use, use 
integrated circuit electronics of a type which consumes 
extremely low power - a feature which is of no little importance 
to battery-operated equipment. The received data are processed 
and then stored on cassette tape, a small commercial cassette 
tape recorder being integrally built into the unit. Four of 
these recorders are in the course of construction. 
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F.3.8 Cobalt Source - R.G. Currie 

Some work was done in connection with the leakage 
of hydraulic fluid in the lifting mechanism. A microswitch 
was installed on the equipment in a manner that, should the 
J»l kg source after being raised tend to fall 5 <•• or more, a 
warning light would appear on the control panel. This was 
done after ensuring that the most likely causes of leaking 
fluid had been investigated and corrected. A new "elapsed-
time' meter and a new "total-hours" meter were purchased and 
installed to replace worn out meters. 

F.3.9 Ultrasonic Cleaner - R.G. Currie 

This equipment was used in the K-Ar laboratory, 
showed a marked falling off in efficiency. The ultrasonic 
generator was found to be working satisfactorily but the 
transducer, which is mounted under the bath unit, had failed. 
The price of a new transducer was obtained from its American 
manufacturer and an order has been issued for its replacement. 

P.3.10 Philips R.F. Induction Heater - R.G. Currie 

Loss of power from this R.F. generator was due to 
a faulty rectifier socket which was replaced. The opportunity 
was taken to substitute semiconductor rectifiers to replace 
the valve rectifiers as was done to the generator used with 
the oxygen extraction system. 

F.3.11 Ultraviolet Spectrophotometer - R.G. Currie 

A loss of output from the ultraviolet spectrophoto
meter was found to be due to a burned out valve rectifier. 
A semiconductor rectifier was substituted. Amplifier valves 
were checked and two failing ones replaced. 

P.3.12 Maintenance - R.G. Currie 

The number of calls relating to equipment mal
functions over a monthly period is estimated at no less than 
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a hundred. Many of these are quickly rectified (e.g. broken 
leads, replaced component, etc.) and are not reported separately. 

There are also calls to make electric heating 
elements ior special projects. For example, a 25 w heating 
element was made for the sulphur laboratory for temperatures 
up to 200 C and run off a Variac from the 230 V mains. 

F.3.13 Pirani Gauges - B.J. Lett 

The electronic units of four Pirani gauges were 
constructed and tested. Another four old gauges were repaired 
and tested. Most of these units went into the engineering 
section's stock to replace units in service that require 
overhaul and re-calibration. The remainder units are for 
general use by the Institute. 

F.3.1^ Tektronix 536 Oscilloscope Repair and 
Re-calibration - B.J. Lett 

Several faults in the oscilloscope were corrected. 
These mainly involved replacing valves and making re-calibration 
adjustments. 

F.3-15 Laboratory Furnace for Mass Spectrometry - B.J. Lett 

A furnace was constructed, using a ceramic tube 
8.5 cm in diameter and $0 cm long, thermally insulated with 
per.lj.ve. A chromel-alumel thermocouple was bonded to the 
tube to sense the temperature, while a Eurotherm temperature 
controller controlled it. This furnace reaches 500 C in 33 
minutes and draws 800 watts at full power. 

F.3.16 Philips Radiation Counter - B.J. Lett 

This instrument, used by the isotope application 
section, had an obscure fault in the printer control and L. 
similar one in the scaler. In the circuit area of the printer 
fault there are two logic circuit loops, Oi.e wiLhin,and 
connected to the other. Along with fault intermictency and 
discrete component circuitry, pin-pointing the problem source 

http://per.lj.ve
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proved elusive. It was found that a pulse from circuit board 
D, having been fed through an amplifier and some components 
on board A, was marginally low in voltage. This resulted in 
the fault being intermittent as the following transistor 
sometimes turned "on" and sometimes not. By modifying the 
amplifier to increase the pulse from k.k volts to 6 volts the 
printer's fault was cured. There was a similar problem with 
the scaler. During the investigations two low-gain tran
sistors were located and replaced as well as two faulty diodes. 
All three units - timer, scaler and printer - were finally 
checked in operation and found satisfactory. 

F.3.17 Open Days - B.J. Lett 

The circuitry for an animated light display was 
designed and constructed to show the method used in vacuum 
leak detection. Assistance was given in various areas with 
the manning of displays during the open days. 

F.3.18 Philips PM3230 Oscilloscopes - B.J. Lett 

This oscilloscope had several faults requiring a 
new bush to be made for mounting of the range potentiometer, 
re-connecting of the socket on the probe cable, cleaning of 
the contacts in the probe, adjusting the upper and lower 
vertical amplifiers and adjusting the time-base speed. Re-
calibration procedures for amplifiers and time-base were 
also carried out. 

F.3.19 Faulty Oven - G.J. Lett 

The Baird and Tallock oven in lab.k t shed 2 developed 
thermostat problems that were corrected by cleaning the 
contacts, replacing a broken flexible coupling and re-adjusting 
the calibration. A final check on system operation was made 
and found satisfactory. 

F.3.20 Solenoid Driver for BRPE Tape Punch -
NMR Project - B.J. Lett 

A 28 volt direct current power supply was constructed 
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along with nine transistor solenoid drivers. Several 
connecting cables were also made. 

F.3-21 Multi-purpose Power Supply - B.J. Lett 

A bench power supply was required for use with 
prototype electronic circuits. It needed to be of small 
size for convenience and must deliver several voltages at 
reasonably high current. It was duly designed and constructed 
and has four outputs delivering respectively:- 5 volts at 
1 amp positive, 5 volts at 0.8 amp negative, 12 volts at 
O.15 amp negative, and 12 volts at 0.55 amp positive. Of 
the output voltages, the worst case mains ripple on full load 
is 0.3% and the worst case regulation is 0.8%. Additional 
features are the protection of the outputs against damage 
from high voltage surges from inductive loads as well as 
individually fused and switched outputs. This supply has been 
in constant use since completion. 

F.3.22 IEEE Data I,\e - B.J. Lett 

Two circuit modules for "talker" and "listener" 
modes respectively were constructed. These are part of the 
data bus system, currently being engineered by the electronic 
engineering section, that will interface the PDP-11 computer 
to the solid source mass spectrometer. 
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3. Open Days 

The Institute held its first Open Days on 17 and 18 
October in conjunction with Chemistry Division. As this was 
the first such event for us a great amount of organisation 
was needed to prepare the display material. Over 30 display 
panels were designed by staff members but the actual art work 
was carried out by a local commercial firm "Display Promotions 
Ltd". The quality of their work and general co-operation were 
greatly appreciated. 

Displays were set up in 22 locations around the various 
buildings on the two sites; the displays ranged from simple 
descriptive panels to complicated working models. 

On the first day most of the visitors were either 
invited guests or school groups, but from k p.m. on Friday, 
17 October until closing time on Saturday the displays were 
open to the public. 

It is estimated that 3-1*000 visitors viewed the exhibits. 
This large attendance amply justified the effort that had gone 
into preparing displays and will simplify the organisation of 
future open days. 

'»• Planning for Nuclear Power 

During this period we saw the start of what was to become 
an increasing demand on our time for information relating to 
the problems associated with nuclear power. For the NZAEC a 
paper was first prepared on the "State of Nuclear Energy and 
Research in New Zealand". This wad followed by lectures pre
pared on "Nuclear Science - What it Means to You?", "Are you 
Prepared for Nuclear Energy?" and a review paper on the "Nuclear 
Energy of Canada". 

For the November meeting of the NZAEC the following 
papers were prepared! 

Nuclear Energy 
A - A Brief Review 
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B - Environmental Aspects of Nuclear Power -
A Plan of Approach 

C - Radiation from Nuclear Power Plants 

A few days before the general election din November 1975 
the Government announced the names of the members of a "Fact 
Finding Group on Nuclear Power", with the terms of reference: 
to report by 31 March 1977 to Government on the possible 
environmental consequences of a nuclear power production 
programme compared with possible alternatives. 

Because the Institute's library has been designated as 
national resource on nuclear information for many years, and 
because of the general scientific expertise of many of the 
Institute's staff on many aspects of nuclear science,it was 
decided that with the assistance of scientists from other 
divisions of DSIR we would write a series of reports that could 
be of assistance not only to the NZAEC but also to the Fact 
Finding Group on Nuclear Power. This involved us in a con
siderable amount of work over the vacation period, and the 
results will be discussed in the next report. 
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5. ACKNOWLEDGMENTS 

During this period we again saw staff leaving for 
overseas studies, resignations and staff replacements. Dr B.J. 
O'Brien left for a two-year appointaent with the United 
Nations Environmental Programme at Chelsea College, London; 
Dr G. Coote is still at Simon Fraser University, Vancouver; 
Dr C.B. Taylor with the IAEA in Vienna, and Roger Sparks 
finishing off his Ph.D. studies at the University of Utrecht. 

Mr G.C. Flower left the Institute to study for a 
master degree. Mr L. Whiteley left to take up an appointment 
with the MOWD Training Branch. Mr J. Johl returned to America 
and Miss C. Madalinski was married and is living in Australia. 
I wi sh to express my appreciation to these staff members for their 
contribution over the years to both the social and scientific 
aspects of the life of the Institute. My personal thanks to 
Mr Whiteley for keeping ray car going for so many years past 
its prime. 

New appointees were Mr J.G. West, to replace Mr Johl in 
the accelerator physics section; Miss Janet Gabites, appointed 
to assist Dr Chris Adams in the K-Ar laboratory; Mr C.W Long 
replacing Mr L. Whiteley in the mechanical engineering work
shop. Mr C.A.M. Brenninkmeijer was appointed to assist in the 
rarbon-lU and tritium laboratories, and Mr R.F. Scarth from 
Canada was appointed to assist in some aspects of nuclear 
.science planning. Miss Christine Collins joined the library 
staff. To all these new staff members we wish a long and 
enjoyable career with the Institute. 

This year was notable for two main events: the holding 
of the Open Days, and the formation by the Government of a 
'Fact Finding Group on Nuclear Power', whose chairman is Sir 
Malcolm Burns. The Open Day arrangements were organised by 
Mr G.J. McCallum. It was a most successful occasion both from 
an educational and public relations view point, and I wish to 
thank most sincerely all those who put so much personal effort 
and time in making it such a success. 
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The formation of the Fact Finding Committee on Nuclear 
Power will mean that many of us at the Institute will have to 
reorientate our work over the next 18 months to 2 years, but 
I feel sure the members of the staff will be able to meet all 
demands likely to be made on them. 

Finally, I thank staff membert for their loyalty to me 
arid to the Department over the year. Each year has its 
achievements, its failures, its good days and bad days, but 
in total it is the joy of living and working in equilibrium 
with one's fellow men that makes looking forward tc the future 
so worth while. 

(T.A. Rafter) 
Director 



90. 
APPENDIX I 

CURRENT RESEARCH PROJECTS 
For ease of administration and finance, the work of the Institute 

is grouped under project headings. These six-monthly 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 Sulphur Isotopes 
102 C-lh Age Measurements 
103 1 3C/ 1 2C Variation in Nature 
105 Industrial Applications 
106 !?N Studies 
107 
108 
109 
110 
111 
112 
113 
11U 
115 

120 
121 
1.2k 

125 
126 

129 

132 

14 C Natural 
Deuterium Measurements 
Mass Spectrometers 
Cosmic Ray Studies 
Tritium 
Cobalt Source 
Radioactive Fallout 
Potassium-Argon Measurements 
Radiation Chemistry 

a) In Aqueous Media 
fb) In Plastic Media 
, c) Industrial Applications 
Ld) Biological Applications 

Theoretical Study of 
Isotope Effects 

Geothermal Geochemistry 
Oxygen Isotopes 

(a.) Sulphates 
(b) Rocks 
(c) Waters 

Glassblowing 
Accelerator Physics 

a) Accelerator 
Accelerator Electronics 
Nuclear Reactions 
Activation Analysis 
Radiation Damage 
P-decay Studies 
Proton-induced X-ray 

Fluorescence 
(h) X-ray Fluorescence 

Engineering 

i a) Mechanical 
b) Electronic 

Atmospheric C0„ 

Rafter/Robinson/Prieditis/Pettis 
Jansen/McGill/Brenninkmeijer/Burr/ 

Currie/Wood/Shirer 
McGill/Prieditis/Hulston/Cox 
McCabe/Pohl/Rowse/Ditchburn/Barry/Lowe 
Robinson/Prieditis 
Rafter/Jansen/Burr/McGill/Wood/ 

Shirer/D. R. Currie 
Rulston/Lyon/Cox/Stewart 
Hulston/Penman/Prieditis/Stewart 
Jansen 
Gugelmann/Priedi tis/Anders en 
Sutton 
McCabe/Ditchburn/Mason 
Adams/Penman/Hulston/Gabites/Nicholson 
Sutton/Windsor 
Melhuish 
Sutton 
Roberts/Windsor 

cj dj e] 
fl 

ie) 

Hulston 
Lyon/Hulston/Cox/Stewart/Robinson 
Rafter/Robinson/Pettis/Prieditis 
Blattner(NZGS)/Smolnicki(NZGS) 
Gugelmann/Cox/st ewart 
Judd 
McCallum/More 
Pureell 
McCallum/Pohl 
Wallace/Wnitehead 
McLachlan 
D.C. Robinson 
Vhitehead/D.C.Robinson/McCallum 
Wallace 
McCormick 
Wyatt/Whiteley/Jalil/Long 
neald/Plummer/Spedding/R.G.Currie/Lett 
Lowe/Rowse 
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APPENDIX I I 
S T A F F 

Professional Staff 
Rafter, T.A. 
Sutton, H.C. 
McCallum, G.J. 
O'Brien, B.J. 
Hulston, J.R. 
McCabe, W.J. 
McCormick, J.D. 
Coote, G.E. 
Taylor, C.B. 
Jansen, H.S. 
Manning, M.R. 
Adama, C.J.D. 
Roberts, P.B. 
Melhuish, W.H. 
McLaehlan, L.A. 
Robinson, D.C. 
Heald, W.H. 
Plummer, J.W. 
Robinson, B.W. 
Whitehead, N.E. 
Wallace, G. 
Sparks, R.J. 
Stewart, M.K. 
Pohl, K.P. 
Lyon, G.L. 
Love, D.C. 
Barry, B.J. 
Mason, W.J. 
Gugelmann, A.A. 
Spedding, N.B. 
Flower, G.C. 
Brenninkmeijer,C. 
West,J.G. 
Gabites, J.E. 
Scarth, R.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.) 
M.Sc., Ph.D.(M.I.T.) 
M.Sc., Ph.D.(McMaster) 
B.Sc.(N.Z.) 
C.Eng., M.I.E.E. 

S c , Ph.D. (Canberra) 
Sc.lSt Andrews). Dr.rer.nat.(Heidelberg) 
Sc.(N.Z.) 
Sc., Ph.D.(McMaster) 

B.Sc.(Hons), Ph.D. (Oxford) 
B.Sc.(Hons), Ph.D.(Vales) 
M.Sc., Ph.D.(V.U.V. ,N.Z.) 
M.Sc., Ph.D.(British Columbia) 
M.Sc., Ph.D.(A.U., N.Z.) 
B.Sc, C.Eng., M.I.E.E. 
Dip.EE.,(I.E.E.London),C.Eng., M.I.E.E., M.I.E.R.E. 
B.Sc.(Hons), M.Sc.(Leeds). Ph.D.(Alberta) 
M.Sc., Ph.D.(Massey, N.Z.I 
M.Sc., Ph.D.(V.U.V., N.Z.) 
M.Sc.(Studying for Ph.D., Univ.of Utrecht) 
M.Sc., Ph.D.(Univ.of Pennsylvania) 
M.Sc.(V.U.W., N.Z.) 
B.Sc 
B.Sc 
M.Sc. 
B.Sc. 
M.Sc. 
B.Sc. 
B.Sc. 
. M. _ 
B.E. (1st Class Hons), M.E.(lst Class Hons) (A.U. ,,N. Z. ) 
B.Sc.(Hons)(V.U.W., N.Z.) 
B.Sc.(Manitoba), M. Sc.(Birmingham) 

.(Hons), Ph.D.(Massey, N.Z.) 

.(Hons), M.Sc.(V.U.V., N.Z.) 
V.U.W.), Ph.D.(Waikato, N.Z.) 
V.U.W. , N.Z.) 
Univ.of Bern) 
Otago Univ.,.N.Z.) 
A.U., N.Z. ) 

B.Sc., M.Sc.(Groningen) 

Visitors 
Blattner, P. Ph.D.(Univ.of Basle), N.Z. Geological Survey 
Smolnicki, I.frliss) N.Z.C.S. " " " 
Currie, D.R. M.Sc.(A.U., N.Z.) 

Technical Staff 
Burr, M.K. 
Judd, W.J. 
More, R.D. 
Penman, J.E.R. 
Wyatt, L. 
Ditchburn, R.G. 
McGill, R.C. 
Prieditis, L.J. 
Whiteley, L. 
Cox, M.A.(Mrs) 
Currie, R.G. 

A.M.N.Z.I., Mech.E. 
N.Z.C.S. 
N.Z.C.S. 
N.Z.C.S. 
N.Z.T.C. 
N.Z.C.S. 
M. N. Z. E.I. 
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Johl, J. 
Jalil, A. 
Rowse, O.J. 
MacKintosh, J. 
Purcell, C.R. 
Andersen, H.C.(Mrs) 
Lett, B.J. 
Wood, N.K. (Miss) 
Windsor, L.A. (Miss) 
Pettis, D.R. (Miss) 
Long, C.W. 

Temporary Technical Staff 
Rumsey, F. (Mrs) 
Shirer, M. (Mrs) 
Nicholson, D. 

Administrative Staff 
Kavanagh, P.B. 
Bond, J.P. (Mrs) 
Burr, P.D. (Mrs) 
Stuart, S.A. (Miss) 
Henderson, H.M. (Mrs) 
Genet, C.A. (Mrs) 
Madalinski, C. (Miss) 
Ruddlesden, C.A. (Mrs) 
Grace, L.A. 

Temporary Administrative 
Clarke, F.H. 
Stephens, M. (Mrs) 

B.S.E.E.(M.I.T.) 
N.Z.T.C. 
N.Z.C.S. 
N.Z.C.S. 
N.Z. C.S. 

N.Z.C.S.I. 

B.Sc.(Otago, N.Z.) 
B.Sc, B.E. Mini..g, A.O.S.M. 

Administrative Officer 
Clerk 
Clerical Assistant 
Senior Shorthand Typist 
Typist 
Librarian, N.Z.L.A. Cert. 
Library Assistant 
Library Assistant 
Caretaker/Groundsman 

Staff 
Driver 
Cafeteria Manageress 
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PAPERS. REPORTS. LABORATORY NOTES. MANUALS 
This report starts at the first contribution number 
with an incomplete reference in the previous report. 

Contribution No. 
700 Currie, D.R.t 1974* A simple portable 6 kV supply suitable for supplying 

Geiger counters or proportional counters using low 
voltage regulation. (in preparation) 

701 Brown, G.N., 1974: 
A nickel-cadmium battery charger. 
INS-M-25. 

702 Rafter, T.A. 1974: 
Visit of Dr I.K.Walker and Directors to the INS, 
9 August 1974, for review of scientists. 
INS-R-150. 

703 Rafter, T.A., 1974: 
Visit r f Agricultural and Biological Directors of 
D.S.I.R. to INS. 17 September 1974. 
INS-R-151. 

704 O'Brien, B.J. 1974: 
Report on a visit to Australia 11-13 February 1974. 
INS-R-152. 

705 O'Brien, B.J., 1974: 
The internal dose committments in the northern 
temperate zone from 89sr, l40Ba, 1311 and^Cs 
produced' in nuclear tests. 

706 Adams, C. J.D., 1975* 
Discovery of Pre-Cambrian rocks in New Zealand: age 
relations of the Greenland Group and Constant Gneiss, 
Vest Coast, South Island. 
Earth and Planetary Science Letters. 28 : 98-104. 

707 Currie, B.G., Hulston, J.R., 1974* 
The use of HP2100A computer simultaneously as a remote 
job entry terminal to a large computer and as a multi
user BASIC system. N.Z. Physics and Engineering 
Laboratory Report 462. 

708 Hulston, J.R., 1974: 
Fractionation of Stp.ble isotopes and its application 
to geological problems. ANZAAS 46th Symposium on 
physics in geology, Canberra, 20 Jan.1975* 

709 Hulston, J.R. and Stewart, M.K., 1974: 
Hydrogen and oxygen isotope ratio studies of geothermal 
waters. Australian and New Zealand Society for Mass 
Spectrometry Conference,3rd,Canberra, Jan.l975« 

710 Adams, C.J.D., 1974: 
Modern techniques and applications in Rb-Sr and 
K-Ar dating. Report.on overseas study leave 
25 March - 18 September 1974. 
INS-R-153 

711 Adams, C.J.D., 1975* 
New Zealand potassium-argon age list 2. N.Z. Journal 
of Geology and Geophysics. 18(3) « 443-67- 1975» 
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712 Adams, C.J.D. , Robinson, P., I97I1: 
Age metamorphism of schists of the Chatham Islands, 
New Zealand Plateau. 
Journal of Geology and Geophysics, (in Press) 

713 Grindley, G.V., Adams, C.J.D., Lumb, J.T., Matters, 
W.A., 1974: 
Palaeomagnetism and potassium argon dating of Upper 
Cretaceous and Cenozoic volcanic rocks of the 
Chatham Islands, New Zealand. 
N.Z. Journal of Geology and Geophysics, (in Press) 

714 0«Brien, B.J., 1974: 
Future concentrations of carbon dioxide in the 
atmosphere and the ocean. 

715 O'Brien, B.J., 1974: 
Radiation doses to man from Cs-136 produced in 
nuclear weapons. 

716 Sutton, H.C. 1974: 
Report on industrial applications of ionising 
radiations and on- some aspects of radiation 
biology on relation to nuclear power. 
INS-R-155. 

717 Sutton, H.C., 1975: 
Reactions of the hydroperoxy radical (HOg) with 
nitrogen dioxide and tetranitromethane in aqueous 
solution. 
Chemical Society. Faraday Transactions I. 71 * 21kZ-kl. 

718 Kavanagh, P.B. 1974: 
Visit of Australian Atomic Energy Commission 
delegation. 
INS-R-I56. 

719 Robinson, B.W., Kusakabe, M., 1975* 34 3 2 Quantitative preparation of sulfur dioxide for S/J S 
analyses from sulfides by combustion with cuprous 
oxide. 
Analytical Chemistry. 47(7) * 1179-81. 

720 Stewart, M.K., 1974: 
Stable isotopes in raindrops: effects of evaporation 
and isotopic exchange. 
American Geophysical Union. Journal. 55 ' 267. 
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721 Stewart, M.K., 1974: 
Stable isotopes in raindrops and lakest laboratory 
and natural studies. Abstract. 
Dissertation Abstracts International 35(4) : 22917. 

722 Hulston, J.R., Card, K.A., Hall, K.R. , Throughton, J.H. , 
197U* 
Stable carbon isotope applications in agronomy. I. 
Techniques for carbon isotope analysis, interpre
tation of results and an estimate of costs involved, 
(in preparation). 

723 Whitehead, N.E., 1975: 
Conversational computer. 
INS-P-123. 

724 McCallum, 6. J. t ed. 
Accelerator Physics Group progress report, July -
December 1974. 
INS-R-157. 

725 Kusakabe, M., 1975 * 
Hydrogen, oxygen and sulphur isotope study of waters 
from the Hakone geothermal system, Japan. Submitted to 
Geothermics. 

726 INS Progress Report 24, July-December 197^* 

727 Whitehead, N.E., Ditchburn, R.G., 1975$ 
Extraction of thorium from solutions, using tri-
benzylamine. 
INS-LN-43' 

728 Lowe, D.C., Rowse, O.J., 1975* 
The operation of the atmospheric CO2 project at 
Baring Head. 
INS-LN-44. 

729 Melhuish, V.H., 1975* 
A double-beam, single photomultiplier spectrofluorimeter. 
Journal of Physics.E. Scientific Instruments 8 s 815-16. 

730 Melhuish, V.H., 1975* 
Report on a visit to Australia, 21-25 October 1974s 
The 7th AINSE Radiation Chemistry Conference at 
Lucas Heights, 21-23 October 197*•• 
INS-R-157. 
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731 Rafter, T.A., 1975* 
Report in 1UPAC Commission V.7- Analytical Radio-
chemistry and Nuclear Materials, Analytical Chemistry 
Division and the 28th International Union of Pur* 
and Applied Chemistry Conference, Madrid, Spain, 
2-11 September 1975* 
INS-R-158. 

732 Roberts, P.B., 1975* 
Some biological consequences of increased ultraviolet 
light intensity. 
INS-R-I59. 

733 McCallum, G.J., Coote, 6.E., 1975* 
Influence of source-detector distance on relative 
intensity and angular correlation measurements with 
Ge(Li) spectrometers. 
Nuclear Instruments and Methods. 130 * 189-97. 

73i» Thole, R., Robinson, B.W., 1975* 
Isotopic evidence for the origin of the Shamrocke 
Copper Nine, Rhodesia. 
Mineralium Deposita.(in Press) 

735 Whitehead, N.E., 1975* 
Current applications of semiconductor X-ray detectors 
in chemical analysis. 
INS-R-217. 

736 Rafter, T.A., O'Leary, J.T., 1975* 
The state of nuclear energy and research in New 
Zealand. 26 March 1975 (Report to the Minister of 
Science). 
INS-R-160. 

737 Cxopp, P.L., McCallum, G.J., Wallace, 0., Whitehead, N.E., 
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 SW-1-3. 
INS-R-161. 
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739 Hulston, J.R., 1975* 
Stable isotope aass spectrometry in Australia; a 
report of a visit to Australia to attend ANZSMS 
and ANZAAS conferences, January 1975* 
INS-R-162. 

7̂ 0 Hulston, J.R.( 1975* Theoretical calculation of oxygen and sulphur 
isotope equilibria in geo thermal sulphate solutions, 
(in preparation) 

7*»1 Robinson, B.V., 1975* 
Isotope equilibria in hydrothermal pyrites. Submitted to 
D.S.I.R. Special Bulletin 218. 

7̂ 2 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.(in preparation) 

743 Wallace, G., 1975* 
Computer modelling for a new Vest Coast sewage 
outfall. 
INS-R-I63. 

7kk Spedding, N.B., 1975* 
Packard tri-carb liquid scintillation counter. 
INS-M-26. 

745 Airey, P.L., Sutton, H.C., 1975* 
The electrochemistry of the HO2 and Og radicals 
under steady state conditions. Part I. The 
electrochemistry of Ojj at neutral pH. Submitted to 
Chemical Society Journal. Faraday I. 

7*»6 Airey, P.L. , Sutton H.C., 1975* 
The electrochemistry of the HO2 and O-j radicals 
under steady state conditions. Part II. The 
effect of pH over the range O.k to 11. Submitted to 
Chemical Society Journal. Faraday 1. 
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747 Rafter, T.A., 1975: 
The nuclear industry in Canada; a review paper. 
INS-R-164. 

748 McCallum, G.J., 1975: 
The nuclear industry in U.S.A.; a review paper 
INS-R-I65. 

749 O'Brien, B.J.,1975: 
The development of nuclear power in the United 
Kingdom and Europe. 
INS-R-166. 

750 Whitehead, N.E. , 1975: 
Report on overseas tour 30th Narch-28th June 1975' 
INS-R-I67. 

751 Adams, C.J.D.,1975: 
K-Ar ages of glauconite from sites 280 and 28l,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-I69. 

754 Spodding, N.B.,1975» 
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., Molloy, B.P.J.,1975: 
Radiocarbon enrichment of the environment as an 
indicator in plant soil studies. Part I. Organic 
matter accumulation in some New Zealand soils. 
Submitted to Journal of Soil Science. 
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756 Whitehead, N.E., ;975» 
A comparison of X-ray spectrometry with other 
multi-element analysis techniques. 
1NS-R-170. 

757 Barry, B.J., 1975s 
Mixing of an anti-shrink additive with concrete. 
INS-R-171. 

758 Sutton, H.C., Roberts, P.B., Vinterbourn, Christine C. , 
1975: 
The rate of reaction of superoxide radical ion to 
oxy- and methaemoglobin. Submitted to 
Biochemical Journal. 

759 Pater son, C.J., Blattner, P., 1975? 
Origin of scheelite mineralisation at Glenorchy, 
New Zealand, in the light of oxygen isotope data. 
Submitted to Economic Geology. 

760 Goh, K.M., Molloy, B.P.J., Rafter, T.A., 1975: 
Radiocarbon enrichment of the environment as an 
indicator in plant soil studies. Part II. 
Radiocarbon dating of quaternary loess deposits, 
Banks Peninsula, Canterbury, New Zealand. 
Submitted to Quaternary Research. 

761 Goh, K.M., Stout, J.D., Rafter, T.A.,1975s 
Radiocarbon enrichment of the environment as an 
indicator in plant soil studies. Part III. 
Radiocarbon enrichment of soil organic fractions. 
Submitted to Soil Science. 

762 Rafter, T.A.,1975* 
Report on the 19th regular session of the 
International Atomic Energy Agency, Vienna, 
22-28 September 1975. 
INS-R-172. 

763 Rafter, T.A., 1975* 
Nuclear energy; a brief review. 
TNS-R-173. 

76U McLachlan, L.A., 1975' 
Algebraic analysis of a noisy exponential decay. 
Submitted to Journal of Magnetic Resonance. 
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Kusakabe, M., Rafter, T.A., Stout, J.D., Collie, T.W., 
1975: 
Sulphur isotopic variations in nature. Part 12. 
Isotopic ratios of sulphur extracted froa some 
plants, soil and related Materials. Submitted to 
N.Z. Journal of Science. 
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APPENDIX IV 
LIST OF PERIODICALS CURRENTLY HELD IN THE LIBRARY 

A.E.I. Engineering 1(1965)-
Abstracts with Programs 4(197£)~ 
Acta Physica Polonica[l5 no 6 (1956)- 36(1969)! continues as : 

Acta Physica Polonica A 37(1970)-
Acta Physica Polonica B 1(1970)-

Advances in Activation Analysis 1(1969)-
Advances in Free Radical Chemistry 1(1966) - 3 ( 1 9 7 6 ) 
Advances in Nuclear Physics 1(1968)-
Advances in Nuclear Science and Technology 1(1968)-
Advances in X-ny Analysis 13(1970)-
Advances in Radiation Chemistry 1(1969)-

American Chemical Society, Journal* 5 3 ( 1 9 3 1 ) . 5 5 n o . 2 ( l 9 3 3 ) - 8 7 no.8(1965)189(1967) . 
American Geophysical Union, Transactions / 2 9 ( l 9 l » 8 ) - 3 8 ( l 9 5 7 _ ) 7 *»9 ( l968 ) -
American Journal of Physics 15(1947)-
American Machinist 111(1967)-
American Nuclear Society, Transactions 1(1958)-
American Petroleum Ins t i tu te . Selected Mass Spectral Data E47(19o9)-
Aminco Laboratory News / 2 1 no.3(0ct ,1965)- 24 no. 4( Dec. 1968)7, 25(1969)-
Analytical Chemistry ^20(1948)7, 2l( l949)-22(l950), /23(195l) .£5(1953)7,26(l954), 

^7(1955)-28(1956)7, 29(1957)-31(1959), /?2(1960]7,33(1961)-
Annals of Physics 26(196^)- (81(1973)] 8*1(197** 8 9 ( 1 9 7 5 ) -
Annual Review of Nuclear Science 1(1952)-
Antarctic 5(1968)-

Antarctic Journal of the U.S. /}(1968]J, 4(1969)- 7 ( 1 9 7 2 ) 8 ( 1 9 7 3 ) -
Applied Atomics no.907(1973)- ( 1 9 1 7 ) 1 9 7 3 . C o n t i n u e s a s Reuter A p p l i e d Atomics 
Applied Science and Technology Inde:: ffi{ 1969)-&{ 1970)7* 59(1971)-
Arkiv for Pysik 28(1965)- 40(1969) Continues as Physica Scripta 

ASEA Journal /3i(1958)"36(l963j7 3 7 ( 1 9 6 4 ) -
Asian Pacif ic Record 2(1971) 
Asian Atomic Newsletter I ( l 9 6 4 ) - 3 ( l 9 6 7 ) 

Atom no.22 (Aug.1958)-
Atom Informationen no.5(1972)-
Atoriic Energy in Australia 2(Sept . l959)-
Atomic Energy Review 1(1963)-5(1967),/5(1968)-9(1971)7-
Atonindex 10 no ,19(0ct . l968) - l l no.30(Mar,1970) Continues as INIS Atomindex 
Australasian Bulletin of Medical Physics and.Biophysics No.30(Dec.l966)-
Australasian Newsletter of Medical Physics No8.l8(Mar.l964)-29(Dec.l966). 

continues as Australasian Bulletin of Medical Physics and Biophysics. 
Australian Journal of Science 19( 1956),/20(l957)-2l(l958)7,22(l959)-29( 1967), 

/30(1967)7,31(1963) /J2(1969)7 continues as SEARCH 
* 
Additions since the last, No. 25, Progress Report see at the 
end of this list. 
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BICC BuUetin no.38(Mar,1965), no.4l(Dec. l965)-
Br i t i sh Society of Sc ien t i f i c Glassblovers, Journal 1(1964)-
Bri t i sh Technology Index 8 ( 1 9 6 9 ) -
Br i t i sh Union Catalog** of Per iodica ls 19&4-
BuUetin D'informations Scient i f iques et Techniques 1(1957)-
BuUetin of the Atomic Sc i en t i s t s 19 no.8(l963)-«5(l969) 3 0 ( 1 9 7 * ) - C o n t . a s 

S c i e n c e 
Public Af fa i r s : BuUet in of the Atomic Sc ient i s t s 

BuUetin of the European Communities 1(1968)-

CAMAC B u l l e t i n I . ( l 9 7 l ) - H ( D e c . 1975 ) 
Camera Times l ( l 9 6 5 ) - 1 2 ( l 9 6 6 ) 
C a n a d i a n J o u r n a l o f P h y s i c s 4 2 ( 1 9 6 4 ) -
C a n a d i a n R e s e a r c h 8 no k (July/Aug- 1 9 7 5 ) -
C a n a d i a n R e s e a r c h and Development 1 ( 1 9 6 8 ) - 8 n o 3 (May / June 1 9 7 5 ) 

c o n t i n u e s a s C a n a d i a n Research 
CERN C o u r i e r [ l ( l 9 6 o ) l 2 ( 1 9 6 2 ) -

Chemical Geology 2(1967)^(1969) , EkP&ffl» 6(1970)-
Chemical Society. Spec ia l i s t Periodical Report. Photochemistry: a review 

of the 1(1968)-

Checistry and Industry in New Zealand 1 no . l2 ( l965 ) -
Chemistry in Br i ta in 1(1965)- 2 ( 1 9 6 6 ) [ 3 ( 1 9 6 7 ^ 11 no 6 ( J u n e 1 9 7 5 ) -
Chemistry in New Zealand 31(1967)-
Conments on Nuclear and P a r t i c l e Physics 1(1967)' 5 ( 1 9 7 2 ) 
Component Technology 1 no .7(Sept . l965)-
Camputer Physios Communications 1(1969)-
Ccmputer Survey/1( 1962)-3(1964^7, 4(1964)- 1 1 ( 1 9 7 2 ) [ 1 2 ( 1 9 7 3 ) - l * ( l 9 7 5 ) J 
Conferences, Meetings and Training Courses in Atomic Energy. no.20(Sept . l962)-

57(Ko".1968) 
Cosmic Data / l 7 ( l 9 6 6 ) -

C u r r e n t T o p i c s i n R a d i a t i o n Research Q u a r t e r l y . 8 ( l 9 7 2 ) -
Current Papers in Physics c f o 
D.A.T.A. Dig i ta l In tegra ted C i rcu i t Handbook 1971-
D.A.T.A. Semiconductor Handbook I968-
D . A . T . A . T h y r i s t o r Handbook 1973 
Danske Videnskabernes Selskab Biologiske Skrifter /lB(1972j7# 19(1972)-
Danske Videnskabernes Selskab Materaatifik-Fysike, aeddelelser 18(1940)-
Danske Videnskabernes Selskab Matematisk-Fysike, skrif ter 1(1956) 
Data from Radiation Protect ion Programs 1(1963)-6(1968) 
Diary of Developments Jan(1963)-(1968) 1 9 7 0 -
Digi ta l Newsletter. D ig i t a l Equipment Australia Pty.Ltd. 1(1970)-
Digi ta l Newsletter. Dig i ta l Equipment Corp. Maynard U.S.A. £(1969)-*(1971}7-
Dominion Engineer [p^ltf&fl, 36(l969)-37 no.2(l970) [38 n o . l ( l 9 7 2 ) -
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Earth and Planetary Science Let ters 9(1970)-
Econondc Goology /6~4(1969]7, 65(1970)-
Elect rc-nuclea i re 110.1(1965) -6(1966) 

Electro-tachnology ^2(1963^7 . 73(l964)-76(l965), ^77(1966)-79(1967)7, 
80(i967)-3l(1968), £ e ( l 9 6 8 j 7 . 83(1969)-84(1969), 
85(1970). 90(1972)-

Electronic Design-21 no.5(1973)-

El'ectronic Engineering 37(1965)-42(1970), /*3(l97l)7» 4*( l972)-
Elect ronics 19(1946)-
Elect ronics and Cceanunications ^ ( I 9 6 l ) - l l ( l 9 6 3 j 7 » 12(1964)-13(1965), 

/ I4 ( i966) - I7(1969y» 19(1971)-
Electronics and Connunications (Magazine Press Ltd..Auckland). 26 n o . l 0 ( l 9 7 2 ) - 2 8 ( * 7 $ 
E l e c t r o n i c Let ters 1(1965)-4(1968) ffilS&fjJ , 6(1970)-
Electronios Weekly cfo 
Electronics World 73(1965)-84(1970),^85(l97ll7,86(l97l). Continues as 

Popular E lec t ron ics . 
Endeavour no.86(May.l963)-
Engineering 197(1964), /l98(1964)-200(1965)7, 201(1966), ^02(1966)7, 

203(1967)- 204(1967),^05(1968)-206(1968J7, 207(1969), 
^08(1969)-210(1970)7, 211(1971)-

Engineers' Digest 25(1964)-
Environmental Radioact iv i ty in Hew Zealand H.R.L.-F3l(l968)» 
Euratoir. Bul le t in 2(1963)-7(1968) continues as Euro-spectra 
Euratom Information 2(1964)-
Euro Abstracts 8( I970) 
Euro-spectra 8(1969)-
Executive 4 no .1-5 . 7-10(1970) 
Fisons Journal no .8 ( l966) -
Fisons News no.54(l966)-no.73(July I969) Continues as Fisons Prof i le 
Fisons Prof i le 1(1969)-
Food I r r a d i a t i o n I (1960)- l l ( l 9 7 l ) 
Fractions No.2( l97 l ) , no .2(1972)-
Fusion 10(1963)-
GEC Journal 29(1962)-34(1967) Continues as GBC-*EX Journal 
GEC-AEI Journal 35(1968)-
General Radio Experimet.*er 36 no.8 and 9(Aug.-Sept.I962)-44(1970) 
Geochemical Journal 1(1966)-£(1968), &{\<&ifl, 4(1970)-
Qeochimica et Cosmochimica Acta 1(1951)" • 
Geothermics 1(1972)-

G e o t i j n e s / r o ( l 9 6 5 ) - l M l 9 6 9 ) 7 » 1 5 ( 1 9 7 0 -
Oreat Britain A.E.R.E. Information Bulletin no .9 l2( l964) - no.l312(Dec.l97l) 

Continues as Harwell Information Bulletin 
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Great Britain Government Publications Monthly Catalogue 19^7» 1971-
Hanilton Reccrd 1(1966)-
Handbook of Chemistry and Physics I969-
Handbook of Vacuum Physics 1(1964)- 3(1964) 
Harwell Information Bulletin no.1313(1972)-
Health 12 no.3(Sept.l970)-
Health Physics 1(1959)-
Hewlett-Packard Journal 12 no 9(May 1 9 6 l ) -

High Energy Chemistry 1(1967)-
Higher Education and Research 9(1965)-
Home Science Alumnae of N.Z., journal I967-I968 
IEEE Transactions on Nuclear Science NS-10(1963)-
INIS Abstracts 1(1970)- 6 ( 1 9 7 5 ) 
INIS Atomindex l(May 1970)-

I.R.E. Transactions on Nucear Science NS-3(1956)-JIS-9(1962) Continues as 
I.E.E.E. Transactions on Nuclear Science . 

Impact of Science en Society 1 9 ( 1 9 6 9 ) , 2 l ( l 9 7 l ) -
Index to New Zealand Periodicals i 9 6 0 , 1 9 6 1 , 1 9 7 0 -

Industrial Bulletin 20(1964)-23(1967), ^F4(1968J7 Continues as Industrial 
Development 

Industrial Development 1(1971)- k (1974 C o n t i n u e s a s P r o d u c t i v i t y & 
Industrial Research 1 3 ( l 9 7 l ) - Techno logy 

Industry Research and Technology Weekly N e w s l e t t e r _ / n o . 9 6 ( » 7 l ) - n o 2 1 S ( , 7 3 
Instrument News 14(1962)- C o n t i n u e s a s I n d u s t r y and S o c i e t y . 

Instrument Practice /5B(1964,}7, 19(l968)-25(l97l) Continues as Process 
Instrumentation 

Instrumentation 15(1962)- 25 no l ( l 9 7 2 ) 
Instruments and Experimental Techniques no.1(1964)-^(1970) 
International Atomic Energy Agency Bulletin 1(1959)-
Internaticnal Civi l Defence Bulletin no.l03(1964)-
International Electronics [ 6 ( 1 9 6 3 ) - 8(1961* j] 9 ( 1 9 6 5 ) - 1 7 ( 1 9 7 0 ) 
International Journal for Radiation Physics and Chemistry 3(1971)-
International Journal of Applied Radiation and Isotopes 1(1956)-19(1968), 

/20(l969i7» 21(1970)-
International Journal of Chemical Kinetics 1(1969)- 4 ( 1 9 7 2 ) 
International Journal of Mass Spectrometry and loo Physics 1(1968)-
International Science and Technology no.4( l962)-69(Sepl967) . Continues as 

Science and Technology. 
I n t e r n a t i o n a l Journa l o f R a d i a t i o n B i o l o g y ; and R e l a t e d S t u d i e s 

i n P h y s i c s , Chemistry and M e d i c i n e . 2 5 ( 1 9 7 * 0 -
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International Union of Geodesy and Geophysics ^no.26(l96ojy-
Isotopes and Radiation Technology l(l963)-9 no.4(July 1972) Ceased publication. 
JAEU - Journal of Asian Electronic Union[1968- ij(l97l) 
Japan Camera Trade News no.1962(1966)-
Jena Review No.5(1963)-
Joblinglass no.5(1966) 
Journal de Physique 24(1963)-
Joumal de Physique Colloque I966-1968 
Journal of Atmospheric and Terrestrial Physics 27(1965) -30(1968) 
Journal of Chemical Physics 1(1933)-

Journal of Geophysical Research / 6 r l ( l 9 5 6 ) - 6 6 ( l 9 6 l j 7 . 6 7 ( 1 9 6 2 ) -
Joumal of Inorganic and Nuclear Chemistry 1(1955)-
Jourr-1 of Nuclsar Energy, Parts A and B. Reactor Science 1(195*0-20(1966) 

Continues as Journal of Nuclear Energy 
Journal of Nuclear Energy, Part C. Plasma Physics 1(1959)-8(1966) 

Continues as Journal of Nuclear Energy 
Journal of Nuclear Energy 21(1967)- 2 6 ( 1 9 7 2 ) 

Journal of Nuclear Science and Technology /X(l964)-2(l965)7» 3(1966)-
Journal of Physical Chemistry ^3(1959)7» 71(1967)-
Journal of Physics E. Journal of Scient i f ic Instruments 1(1968)-
Journal of Radioanalytical Chemistry 1(1968)-
Journai of Science and Technology 36(1969)-39 no ( l ) Jan 1972 
Journal of Sc ient i f ic Instruments 40(1963)-44(1967) Continues as Journal 

of Physics E. Journal of Sc ient i f ic Instruments. 
Laboratory Practice /^{l^JJ, 13(1964)-14(1965), 2?5(1966]7, 16(1967)-
Lettere a l Nuovo Cimento 1(1969)- , 
Library of Congress - Subject Headings. Supplement. 1971-
List of Bibliographies on Nuclear Energy 2(1962)-
List of References on Nuclear Energy 12(l96o) -10 no. lS(Sept. l968) Continues 

as Atomindex. 
Machine Design [}%V&fl', 36(1964), fiUl&fl, 38(1966)-
Machine Design and Control 8(1970), ^?(197lJ|7 
Marconi Instrumentation 9(1964)-
Mass Spectrometry Bulletin /T(l966)-2(l968,}7, 3(1969)-
Material News July 1964-1567 

Measurement News June/July (I965)- Ju ly /Aug 1 9 7 3 . C o n t . a s Measurement 
Medicamundi 7 ( l 9 6 l ) - Computation News. 

Meetings on Atomic Energy 1(1969)-

Microelectronics ^2(1969)-3(1970)7/ 4(1972)-

Mineralium Deposita 4(1969)-
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Minerva 8(1970)-
Muirhead Techniques 18 no 3 ( Ju ly 1964) - 21 no 3 ( J u l y 1967) 
Mullard Outlook ^(1963)-9(1966]7» 10(1967)-13 no.4(july 1970) 
Mullard Review June 1962-Feb.l965 
National Aeronautics and Space Activities (NASA) Facts 1964-

" Mews 1964-
" " Press Kit 1964-

Nature I89(l96l)-222(1969),^§23(1969)-fi24(l969}7, 225(1970)-; 
Continues as: 

Nature General 229(1971)-
Nature. New Biology 229(1971)- 246(1973)Merged to become Nature aga in . 
Nature. Physical Science 229(1971)- 246(1973) " » » » » 

New Electronic Components 3(l966)-5 no.2(l969) 
New Scientist /2l(l964)7, 22(l964)-23(1964), ^4(1964j7, 25(1965)-.40(1968) 

0*1(19693 42(1969- 51(1971) [52( l97 l8 [53(1972]}-
New Zealand Energy J o u r n a l 47 no 10(1974) -

N.Z. D. d.I.R. Newsletter Jan.(1960)-
II.Z. Electronics Review 2(1968)-
N.Z. Engineering i~3( l958) - 18(19633 19(1964) -
N.Z. Engineering News no. 1( June 1970) -
N.Z. Geoch.emi.cal Group Newsletter no l ( N o v . l 9 6 5 ) -
N.Z. Government Publications Sept /Oct ( l 9 7 2 ) -
N.Z. Ins t i tu te of Chemistry, Journal ^5(195lJ7* 17( 1953),/l9(l954)-24(l96o}7, 

25(1961)-30(1966) Continues as Chemistry in New Zealand. 
N.Z. Journal of Geology and Geophysics 1 ( 1 9 5 8 ) -
N.Z. Journal of Marine and Freshwater Research 1(1967)-
N.Z. Journal of Science 1(1.958)-
l.Z. Journal of Science and Technology 1(1918)-16(1934-35) 

II.Z. Journal of Science and Technology A. ^0(1949)-32(l950j7,33(l95l), 
^4(1952)-35(1954}7 

N . Z . L i b r a r i e s [18(1955)- 28(l966M 30(1967) -
N.Z. Lincoln College. Calender. 1967. I969-
N.Z. Marine Sciences Newsletter no.l5(1972)-
N.Z. Maasey University. Calender. 1970-
N.Z. National Bibliography 1971-
N.Z. Official Yearbook 69th(l964), 74th(l969), 77th(l972)-
N.Z. Science Review 1(1942) -
N.Z. Standards Bulletin 1(1966)-
N.Z. University of Auckland. Calender.I97O-
N.Z. University of Canterbury. Calender. 1970-
N.Z. Victoria University of Wellington. Calender. 1970-
N.Z. Wool Board Newsletter 6(1971)-9 no 4 (Apr i l 1974) 
N.Z. U n i v e r s i t y of Otago Calendar 1970-
N o t i z i a r i o [8(1962)] , 9 ( 1 9 6 3 ) . 
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Nuclear Active 1969-
Nuclear Canada 3{19&6flt 6(1967), ^7(1968)-8(1969^, 11(1972)-
Nuclear Data. Section A.l(ig65)-4(1968) Continues as Nuclear Data Tables. 

Section A. 
Nuclear Data. Section B. 1(1966)-2(1968) Continues as Nuclear Data Sheets. 

Section B. 
Nuclear Data Sheets. Section B. 3(1969)- 9 no k(1973) 

l l ( l 9 7 3 ) 
Nuclear Data Tables. Section A. 5(1968)-7(0011 t i n u e s a s Atomic Data-and Nuc lear 
Nuclear Engineering 1(1956), ^(1957>- 6 ( l 9 6 l j | 

10(1965)-13 no.l*9(Oct.l968). Centimes as: 
NucJear Engineering International. 33 no.l50(Nov.l968) -15(1970), 

Z56(197l)7. 17(1972)-
Nuclear Fusion 1(1960)-
Nuclear India 1(1962) 
Nuclear Instruments 1(1957)-3(1958) Continues as: 

Nuclear Instruments and Methods. 4(1959)-
Nuclear Law Bulletin no.6(Nov.l970)-
Neclear Newsletter from Switzerland ( 1 9 6 8 ) -
Nuclear Physics 1(1956)-37(1962), 39(1962)-89(1966). Continues as: 

Nuclear Physics A. 90(1967)-
Nuclear Physics B. 1(1967)-

Nuclear Safety 1(1959)-
Nuclear Science Abstracts 1(1943)-10(195S), /5UL(1957)-12(1958)7, 13(1959)-
Nuclear Science Abstracts of Czechoslovakia 1(1970)-
Nuclear Science Abstracts of Japan 5(1966)-9 no 2 (1970) Cont .a s Nuclear 
.„ , „ _. ^ . ,.. J.M w,~ /^\ . / ^ M S c i e n c e Informat ion o f 
Nuclear Science and Applications l(1965)-4(19o8) Japan 
Nuclear Science and Engineering 1(1956)-
Nuclear Sc i ence Information o f Japan 1 ( 1 9 7 0 ) -
N u c l e o n i c s 1 ( 1 9 7 * 0 - 25(1967) 
Nucleus 7 no.3(July 1970)-
Nukleonika ll(1966)-l6(197l)C17(1972)| 18(1973)-
Nuovo Cimento 3(1956)-39(1965) Continues as 

Nuovo Clmento A 40(1965)-
Nuovo Cljnento 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 Serai-conductors and Integrated Circuits 
Philips Technical Review [JO no.4(0ct.l943)- 23(1962)] 2l*(l962)-
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Physica ̂ 5(1957)-30(1963),57(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)-
Fnysics Abstracts 69 no.827(l966)-
Physics Letters A 1(1962)-
Physics Letters B 24(1967)-
Physics Letters C. Physics Reports 1(1967)-
Physics Today 12 no.6(June 1959)-l4(l96l),^5( 1962)-19U966)7* 20(1967)-
Plessey International Mews no.7(196l) 
Popular Electronics l(l972)-2 no.2(l973) 
Power Reactor Technology l(Dec.l95l)-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 50(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), fl4(l972)- 18(1972)] , 19(1973) 
Radiation Research 1(195*0 " 
Radiation Research Reviews 1(1968)- 5(1974) 
Radio, Electronics and Conmunications /19 no.9(Hov.l964)-21(1966}7,22(l969)-

26 no.9(Dec.I971). Continues as Electronics and Comnunications 
(Magazine Press,Ltd., Auckland). 

Radioactivity Survey Data in Japan no.l4(Feb.l967)-no.l8(Peb.l968) 
Radiocarbon 1(1959)-
Radiochemical and Radioanalytical letters 2(1969)-
Radiological Health Data 1(1960)-12(1971) Continues as Radiation Data and 

Reports. 
Radiotronics 29(1964)- 3M1969) 



109. 

Reactor Core Materials 1(1968)-4(1961) 
Reactor Fuel Processing HI958)-9(1966) 
Reactor and Fuel Processing Technology 10 no.3(l967)-12(1969). Continues 

Reactor Technology 
Reactor Materials ;>( I962 ) -13( 1970) 
Reactor Technology 13(1970)-15(1972) 
Research and Technology n o . 1 5 ( l 9 6 9 ) - n o . 9 5 ( 1 9 7 1 ) Cont inues a s I n d u s t r y 

Research and Technology* Weekly N e w s l e t t e r . 
Review of Scientif ic Instruments 26(1955), ^U95aJ328(1957J/ , 34(1963)-
Revievs of Modern Physics 1(1929)-38(1966) {y&V&tfl, 40(1968)-
La Revlsta del Nuovo Cimento 1(1969)-

Revue de Physique Appliquee 2(1967)- 3(1968), 5(1970)-

Royal Society of New Zealand,Journal 1(1971) 
Scan 3 ( 1 9 7 3 ) -
Sc i app News l ( l 9 7 l ) -
S c i e n c e 1^3(1964) ,162 no 3 8 5 0 ( 1 9 6 8 ) , 163 no 3 8 5 2 ( 1 9 6 9 ) , 

174 no l»OOl(l97l)- 174 no »»005(l97l) 

Science and Public Affairs:Bulletin of the Atonic Scientists 26(1970)- 30 no k 
Science and Technology nos 69, 76-90, 9X1969) (1974) 
Scientae 12(1971)- 14 no 2 (1973) 
Scientif ic American [ 1 9 9 ( 1 9 5 8 ) - 202(l960)j , 2 0 5 ( 1 9 6 1 ) -

Scientif ic and Technical Aerospace Reports 4 no.lB(l966)-7(2969) | 
Scient if ic Research 1(1966), ^2(1967)-Ml969)7- H*8 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(1967) 

Continues as 
Solid State Technology 11(1968)-

South Africa.Council for Scientif ic and Industrial Research. Research 
Review 19(1969). 

Soviet Atomic Energy 14(1964)-«5(1968),29(1970) 
Soviet Journal of Atomic Energy 4(1958)-13(1563) Continues as Soviet Atomic Energy. 
Soviet Physics-Doklady 3(1958)-
Soviet Physics-JETP 17(196l)-28(1969) 
Soviet Physics-JETP, Letters 1(196?)-10(1969) 
Symposium on the Art of Glassblowing. Proceedings. l s t (1956)-
Systems Technology no 4 ( A p r i l 1 9 6 8 ) , no l l ( 0 c t 1 9 7 0 ) -
Technical Book Review Index 31 00.5(1965)-
Technical Information for Industry [7 no 1 ( 1 9 6 9 ) - 10 no 10(1972)1,11 no 2 
T e c h n i c a l Journal 1 ( 1 9 7 4 ) - ( 1 9 7 3 ) -
T e l l u s 9 ( 1 9 5 7 ) - 1 1 ( 1 9 5 9 ) , [12(1960)] , 1 3 ( 1 9 6 1 ) -
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Texas Instruments - Semiconductor and Components Data I969-

Transistor Data Book -2 ed . (196 ) - 23rd e d ( l 9 6 7 ) - 3 0 t h e d ( l 9 7 l ) 32nd ed 
Tree-ring Bulletin 29(1969)- ( 1 9 7 2 ) 3 4 t h e d ( 1 9 7 3 ) -
UNESCO Courier (1971)-
U.S.A.E.C. Press Release (1964)-
U.S.A.E.C. Translation l i s t no.l l8(Nov.l966)-no.l29(l968) 
Vacuum 1^(1964)-

Varian Instruments Applications 6 ( 1 9 7 2 ) -
Vickers Magazine I96O-
Weir Bulletin I969-
Welding Bulletin no.60(Mar.l969)-
Whitakers Almanack 102(1970)-

Wireless World /74(Mar.l968)-77(197l}7* 78(1972)-
Wool Science R e v i e v [ 4 ( l 9 4 9 ) - 16 (1956 ) ] 1 9 ( 1 9 6 1 ) -

A d d i t i o n s s i n c e t h e l a s t P r o g r e s s R e p o r t . N o . 2 1 . January-June 1973 

Advances i n Mass Spec trometry l ( 1 9 5 9 ) - 2 ( 1 9 6 3 ) , 5 ( l 9 7 l ) 
Atomic Data and N u c l e a r Data T a b l e s 1 2 ( 1 9 7 3 ) -
B r i t i s h N a t i o n a l B i b l i o g r a p h y / 1 9 5 1 - 1 9 7 2 7 , ( 1 2 0 1 ) 1 9 7 3 -
Geology 1 ( 1 9 7 3 ) -
Reuter Applied Atomics Reports, no.918(1973)-

Additions since the last Progress Report. No.22. July-Dec.1973 
American Chemical Society, Journal 71(19^9)-75(1953). 89(1967)-
Annual review of Earth and Planetary Sciences. l(l973)-
Archaeometry 16(1974)-
Chemical Society, Journal (l912)-(l953). 
Decuscope 8(1969)-
Faraday Society, Transactions ^J6(i960)-57(1961). 60(1964). 

63(1967) 67(l971j7 
Geophysical Research Letters l(l974)-
Hydrological Annual no.3(l955)-no(lO) (1962). no.12(1964)-
Industrial Equipment News 2 no.7(1973)-
Industrial News no.2(1973)-
N.Z. Electron 1(1974)-
N.Z. Journal of Agricultural Research 1(1958)-
Royal Institute of Chemistry. Journal 2J8"4(l960)-88(l964.l7 
SGSA Journal no.4(1972)-
Science and Industry no.1(1964)- no.12(1966). no.28(1973)-
Semiconductor application notes D.A.T.A.book 5th ed.(1974)-
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U.S. Monthly Catalog of United States Government Publications 
no.944(1973)-

World List of Scientific Periodicals (1964)-
X-ray Spectrometry 1(1972)-

Additions since the last Progress Report. No.25. Jan-June 1975 
Australian National Bibliography 1975-
British Standards Yearbook 1972-
Canadian Research 8 no 4(July/Aug 1975)-
CSIRO Publications l(l973)-
Industry and Society 1974-1975 
Journal de Physique. Lettres 35 n o 12(Dec 1974)-
Measurement Computation News Sept/Oct 1973-
National Radiological Protection Board NRPB no 6(1972)-
Productivity and Technology no.1.(1975)-
Pure and Applied Chemistry l(l96o) 
New Zealand Atomic Energy Committee Information Circulars l(June 1975) 
United States Energy Research and Development Administration 

Weekly Announcements |l(l975)-] [l no 2(1975)-
United States Nuclear Regulatory Commission. News Releases fl(l975)-


