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SUMMARY

The overall effect of the smelter on the environment was stable and atsimilar levels to 1992.
The exceptions were decreased vegetation fluoride north of the smelter and increased vegetation
fluoride north east ofthe smelter.

The main stack gaseous fluoride discharge remained within the discharge permit condition of 65
mdm'throughout 1993.

Tlremain stack particulate discharge exceeded the permit conditions at the beginning and the end
of 1993. To remedy this the 28,3A\ and 38 multicyclones were refurbished, is planned, early in
the year. The efficiency ofthe 38 multicyclone reduced in November, while opeiational
problems due to the choking ofthe baghouse on2Ar3A and 38 multicyclonebccurred on
December. Work continued in 1993 to reduce particulate discharge from the main stack.

Improvements proposed to protect the environment were presented in the smelte/s application
for coastal and discharge permits for discharges to air. These included proposals for d.V
scrubbing and treatment of spent pot lining material. A prototype dry scrubbing system was
installed in 1993. Performance and optimisation trials will continue during 1994.

Problems continue with the north drain fluoride discharge. Work is continuing to develop a
solution to reduce the occasional fluoride discharge peak.

The volume of cathode pad leachate discharged to Foveaux Strait decreased during 1993. The
number of discharges was S}Yolower thanin 1992.

krvestigation into remediation of ground water contaminated by cathode pad leachate and diesel
continued in 1993. Pump and treat trials and laboratory scale bioremediation trials for cathode
leachate contamination were undertaken. Spargng and venting trials for remediating the diesel
spill were successfully undertaken inlate 1993.

At NZAS each Manager is directly accountable for the effect of area operations on the
environment. Work continues by each Manager to improve the systerns to minimise these
effects.
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DECEMBER. 1993

1. INTRODUCTION

During 1993, NZAS continued with developments aimed at minimising the effects of the
smelterrs operations on the environment.

Significant developments during 1993 include
. a proposed major upgrade including improved environmental protection equipment,
. development of a full scale prototype dry scrubbing reactoq
. investigation of a process to treat spent pot lining material, and
. application for the renewal of the Discharge to Air Permit.

The proposed upgrade includes the installation of dry scrubbing reactors developed at NZAS
by the Atmospheric Emissions Control MRU. Trials with a full scale reactor have shown that
the new technolory has the potential to successfully reduce the smelter's discharge of gaseous

fluoride and particulate from the main stack.

A process for treating the spent cell lining material has been successfully developed by
Comalco. A treatment plant to handle the existing production of spent cell lining and the
stockpile accumulated during the smelter's operation is scheduled to be installed by the end of
1995

NZAS' application for coastal and discharge permits for discharges to air was granted in April
1994. The permit is for a twelve year period.

The findings of the Environmental Study ofthe effects of the smelter on the surrounding
environment has resulted in changes to the way in which some data is presented and
interpreted. These changes have been included in this report.
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2: DISCHARGES TO AR PAgE 4

In 1993 discharges to air from the smelter were subject to the Discharge Permit No.

F{D/19/0006/88. The following sections give details of the discharges and trends observed

2.{ MAIN STACK DISCHARGES

Total Particulate Concentrations
1993 Monthly Averages
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The refurbishment of the multicyclones on potlines 28, 3A and 38 was completed in early 1993.
Precollectors were installed and commissioned in the latter part of 1993. These improvements were
required as the permit condition for the monthly average total particulate concentration for the main
stack was exceeded five times in 1993. . .,

The violation in November was due to a rgducedp-erformance of the 38 multicyclone.'The
multicyclone had been refurbished in early 1993 and the reduction in performance was unexpected.
The violation in December was due to the failure of the baghouse system which had become choked
This affected the secon dry air system reducing the performance of the multicyclones. To ensure
there is no repeat of this incident the hopper emptying procedure has been improved. High level
lndicators with communication to a control station which is manned 24 hours a day were also
installed. All bags in the baghouse have been replaced and the performance has stabilised.

The 1993 annual average total particulate concentration was 176 mg/Sm'. This exceeds the
maximum permitted annual average concentration of 175 mglSm3
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2.1 2 Prr0culab Fluorlde Conccntraton
{993 tonthly Averages
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The 1993 annual average particulate fluoride concentration was 4l mg/Sm3. This result is lower
than the 1992 average and could repres€nt a halt to the upuard trend of the previo,rs eight years.

The change is likely to be a result of the improved efficiency of the solids collection systems.

Compliance with boh the monthly and annual permit conditions was maintained.
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21.3 Gareous Fluoride Concentrations
19e3 Monthly Averryec
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The 1993 annual average gaseous fluoride concentration w&s 6l mglSm3, reflectingthe improved
control of discharges with the alurnina injection control system. Compliance with both the-monthly
and urnual permit conditions was maintained.
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2.1.4 Ringlemann Smoke Densitv Number
Ringleman n Num ber Distribution Page 7
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As with previous years, the median stack Ringlemann Smoke Density number was 1.75. There
were ten occasions when the consent condition maximum of 2.0 was exceeded. These exceptions
do not represent license violations as the disqharge consent conditions allow a Ringlemann Smoke
Density number of up to 3.5 for t5 minutes ealtr day during fire changes.
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2.1.5 Sulphur Dioxide Concentration
The 1993 average main stack sulphur dioxide concentration was 179 m{5m3. This result

n-)o-is within range. ,, y'.,,.y't i o

2.:1.6 Drv Scrubbinq
Installation of the Comalco prototype dry scrubbing system started in October 1993 and was
commissioned in mid February ,1994. Test work will continue until mid 1994 to verifythe
performance of the system.



2.2 POTROOM ROOF LOUVRE DISCHARGES

2.2.{ Total Particulate Concentrations
{993 Monthly Averages
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The 1993 annual average roof louvre particulate fluoride,concentration was 1.43 mg/Sm3

Compliance with both the monthly and annrrd peflfrittonditions was maintained.

MONTHTY AVER,IGE NOT TO BE EXCEEDED
MORE THAN ONCE PERANNUM
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2.2.? Pa.rticulate Fluorlde Goncentrations
1993 Monthly Averages
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The 1993 annual averqge rooflo_uwe particulate fluoride cqncentration was 0.32 mg/Sm3. Thisresult is similar to the previous five yiars.
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2.2.3 Gaseous Fluoride Concentrations
1993 Monthly Averages
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The 1993 annual avemge roof louwe gaseous fluoride concentration was 0.31 mg/Sm3. Compliance
with both the monthly and annual permit conditions was maintained.

graseous fluoride concentrations recorded in the first quarter ofthe year were most
variations caused _uy t9_r:pfgrt of !o-tl ine 2 txeto)p=

The elevated
likely due to
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2.2.4 Sulphur Dioxlde Concentration

The 1993 average Potrg-qln roof louvre sulphur dioxide concentmtion was 0.85 mg/Sm3.
This result is within$;D *rr*rl

2.3 BAGHq,.|SE TXSCI{ARGES

The rqular visual inspection of baghouse discharges continued. These inspections support
the on-going operational surveillance of this equipment that ensure the required standards
are maintained.

2.4 CARBON MRU

The conditidninil tower ofthe electrostatic precipitatoq which removes particulate from the
emissions from Carbon Baking Furnace 3 was blown over in high winds on the 30 Novembeq 1993.
Operation of the electrostatic precipitator continued with the conditioning tower isolated while a new
tower was constructed. The newtower was commissioned on the 11 April, 1994 and is operating
satisfactorily.
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3 DISPERSION AND EFFECTS OF DISCHARGES TO AIR

3.1 METEOROLOGICAL CONDITIONS

The mean wind frequency diagram shown on the following page shows that thel993 wind pattern was

dominated by westerly and north westerly winds. Compared with 1992 there was an increase in winds
from the north and a reduction in winds from the east, south and west

The following table shows the predominant winds for each month during 1993

Month Predominant Wind Direction

January North west and strong west

February South, west and north west

March West and north west

April Light west and north

May Strong north west and west

June Strong north west and west

July Light north and northeast

August, North west and west

September North west and west

October North west and west

November North west, west, south east and east

December South, west and light south east
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3.2 AMBIEi{T AIR GASEOUS FLUORIDE
page 14

9.2.{ { km Hut
'1993 Honthly Avcrages
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The 1993 average gsseous fluoride concentration of the anrbient air at the I km hut was

O.l3 pgltr The highest seven day concentration was 0.44 Vdmt measured in October. This is
within the norrnal range of rezults for this site.
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3.2.2 lh { Bore
1903 Monthly Averryee
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The 1993 average gaseous fluoride concentration of the ambient air at the No. I Bore was

O.O2 pgttr This is the same result as in 1992 and indicates the reversal of the upward trend in this
pa^rameter as suggested by the rezults from 1987 to 1991.The highest seven day concentration at the
No. I Bore site was 0.ll pglm3 measured in October. lt-

A"ry X*h, P/t"4)



3.2.3 No 6 Bore
1993 Monthly Averages
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The 1993 average gaseous fluoride concentration of the ambient air at the No. 6 Bore was

0 03 pglm3. This result continues the downward trend that became evident in 1989. The
concentration of gaseous fluoride in this location is influenced by the main stack discharges.
Improvements in the alumina injection system have reduced the fluctuations in the concentration
of gaseous fluoride emitted from the stack. The h.lgh$rqmsr
@=15{Stgt!-9{ gasepusiuori dQ--have m trend in the annual ambient air
gaseous fluoride concentrations. The effect of this reduced variation can best be illustrated by
gomparing the average results for the first quarter and the winter months of 1989, just after the
injection system was installed, with the same months in 1993. The highest sevenday
concentration measured at No. 6 Bore was 0.16 p,{m3 measured in February.

Year Period Main Stack
Gaseous F

No.6 Bore
Gaseous F

Annual Average
for No. 6 Bore

1989
Jan,Feb, Mar 68

60
0120
0.037 0.08

1993
Jan,Feb,Mar
Jun,Jul,Aug

62
60

0.027
0.030 0.03



3.2.4 Buddle Road
{993 Monthly Averages
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The 1993 average gaseous fluoride concenffation of the ambient ur atthe Buddle Road :rlt
was 0.05 frglr*'*. This is a lower concentration than the 1992 result which was 0.09
pglm' but it is within the expected range for this site.

The seven day average gaseous fluoride limit of I pglru'* was not exceeded. The highest
seven day concentration at Buddle Road was 0.23 pglnf measured in January.
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3.2.5 Bluff
1993 MonthlY Averages
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The 1993 average gaseous fluoride concentration of the ambient air at Bluffwas
0.02 pgm3.
The seven day average gaseous fluoride limit of I pglm' was not exceeded. The highest seven day
concentration at Bluffwas 0.10 Vglnf measured in February. . t ,. ). q.
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Fluoride deposition in the area surrounding the smelter is shown on the map on page 19. The deposition
measured at Bluffhas decreased from 0.7 mglmzlday to 0.36 mgkfilday The deposition at the two sites on

east side of Awarua Bay have increased from about 0.9 mglm2lday to aboutllpry'tdaY
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1993 AVERAGE CONCENTRATIONS
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The BLP model predicted mean ambient air gaseous fluoride concentrations caused by
the smelter during 1993 are shown on the map on page 21.

Page 20

3.2.6 BLP MODEL PREDICTIONS

Dames and Moore were contracted by the smelter to model the dispersion of the smelter's discharges to

air. The Buoyant Line and Point Source @LP) model was chosen to predict the dispersion of gaseous

fluoride discharges. This work was presented in the smelter's application for an air discharge permit in
September, 1993. The predictOd gaseous fluoride concentrations were compared with the results from the
fivb ambient air monitoring sites near the smelter over a two,year period. The comparison showed

instances of both over and under estimation by the model. T[e greater tendency was for over estimation.
\ U ,. * 1,r t:l,q;^'\s*1 ();\ :'^l''-

The work of Dames and Moore has shown that the BLP model can be used to assess the distribution of
gaseous fluoride discharges from the smelter. As such the model is an additional tool for assessing the
Imel ter's envi ronmental effects.

the discharge from

/ -)
, ",t. zt.t /

The model predicts mean ambient air gaseous fluoride concentrations lpdm3 ately east ofthe
smelter, 0. l5 prglm3 on BluffHill, and 0. l5 pglm3 at the east end of Tiwal afor 1993

Comparison of the 1993 predicted concentrations with the results of the smelter's ambient air monitoring
confirms the model's tendency to over predict. The mean ambient air gaseous fluoride concentration
measured at Blufftownship was 0.02 pglm3 compared with the predicted concentration of 0.06 pglm3. The
mean ambient air gaseous fluoride concentration measured at No. 6 Bore was 0.03 Vglm, compared with
the predicted concentration of 0.15 1tglm3. The Buddle Road, 1km Hut, and No. I Bore site ambient air
monitoring results were all similar to the model's predicted fluoride concentrations. Work to refine the
model will be undertaken.

The BLP model was also used to predict short term gaseous concentrations. The model predicts that
during 1993 the 24hour maximum ambient air gaseous fluoride concentration at the Bl;trHill summit
would have exceeded the discharge permit condition of 2 p,glm3 on four days. In their evidence in support
of the smelter's application for the air discharge permit, Dames and Moore itut"d that the BLp model was
llk€ly to over estimate the concentration of gaseous fluoride at higher elevations on BluffHill Work on
refining the model to improve the predictions on top ofBluffgili-is continuing The model predicts that
the permit condition maiimum would not be exceeded at Blufftownship.

/- ,u,
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Page 223.3 UNGRAZED PASTURE

Mean fluoride concentrations of ungrazed pasture are shown on the map on page 23. Comparison with the
1992 mean concentrations show that the overall distribution of fluoride in the f,asture is similar to 1993.
The fluoride concentrations are lower to the north and west of the smelter in tb%,reflecting the increase
in winds from the north west qqarter.

The distance of fluoride concentration isopleths to the north, north east, and east of the smelter are shown
in three graphs on page 24. Since 1987 there has been a slow contraction of the 40 mglkgisopleths from
the north. This is consistent with the change in the wind patterns over recent years with the increase in the
northerly component. The apparent extension of this isopleth is the north 

"arte.ty 
direction is more likely

to be natural variation than a real trend. This will need to be reviewed at the end of 1994.

During 1993 the 20 mglkg isopleth has contracted from the north, north- east, and east. These changes are
in agreement with the changes in the wind pattern. No trends are apparent due to the variability of tfris
data.
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page 25

The crrazing Monitoring Project was establisled_in 1969, prior to the smelter,s commissioning, toprovide a method of assessing the effects on the livestock on productive farms. The project hascontinued' with minor modifications, as part of the NZAS Environmentur ruronrtoring program.

3"4.1 Farm No 1

Fasture Fluoride Concentrations
l99g Monthly Averages
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Gattle Urinary Fluoride ConcentraUons
AnnualAverages
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Farm No. I is to the west of the smelter at Green point. page 26

The February pasture fluoride concentration, although elevated, was within the discharge permitcondition' The smelter discharges are consid".eo trrJ rortt,t 
"ty 

source of the elevated fluorideconcentration in this sample' There was a predominan." of .irds from the easterly quarter duringthe week prior to the collection of the sarnple. All th";;;etation samples collected that month fromsites to the west of the smelter had similaily 
"l.rrui.J 

n,ioria" concentrations, further supportingthe conclusion that the smelter was the main source of thisfluoride.

For all other months of 1993 the fluoride concentration in the pasture samples were at backgroundlevels and the annual average fluoride concentration was 8 my'kg. At no time was the monthly limitof 80 mg/kg, the bimonthly average limit of 60 mg/kg o, tt . urrral average limit of 40 mglkgexceeded .

The annual average cattle urinary fluoride concentration was 5.5 mgllitre This is within the normalrange for cattle, (Shu!-" et al I 964). chemical analysis of thstwo boie biopsies showed fluorideconcentrations of 995 mglkgfor a two year old una gos mg/kgfor a 6 v"u, ora. The results are forfat free bone' In both cases, the fluoridoconcentration is wJll below the level that would indicatepossible adverse effects. The dental condition of these animals also remains normal with all scoresbeing less than or equal to two on the suttie scale, rr,o*ing no adverse effects of fluoride exposure.

3.4.2 Farm No 2
Pasture Fluoride Concentrations

1993 Monthly Averages
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Caftle Urinary Fluoride Concentrations
1993 Annual Averages
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3.4.3 Farm No 3
Pasture Fluoride Concentrations

1993 Monthly Averages
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Farm No' 2 is 6 km north of the smelter. The fluoride concentration in the February pasture sample*q 9P:t"d b-v the same south-easterly wind pattern ur-J"rrriued for Farm No. l. There was aperiod of southerlies prior to the collection orirre D;;;;; pasture sample. This would transportthe smelter's discharges towards this farm and may explain the elevated December result.

The annual average pasture fluoride concentration was 13 mglkg.The monthly limit of go mg/kg,the bimonthlv averagg limit of 60 mdkgand the annual average lirnit of 40 me/kgwere notexceeded during 1993.

The average fluoride concentration in the cattle urine samples collected was 3.5 mg/litre, a similarconcentration to previous years.

cattle bone biopsies were conducted. Bone fluonide concentrations were l4g5 mg/kg for a fouryear old' and 1700 rys/ks for two six year olds for fat free bone. The results are higher thanpreviously measured at this farm: 105b 
lneike roo + v"u. otJin r 991 and 1400 mg/kg for 6 year oldin 1988' The results are below the levels wlier" th;;;;; effects of fluoride exposure would beexpected to occur' A dental inspection of six ";;;-;;;; iti" r.o.ing system ofiutuie(1983)resulted in 19 of the 2l teethscoring two and two teeth ,l"or*g three. The predominant toothscores are indicating no adverse effects from exposure to fluoride.
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Pasture Fluoride Concentrations
Annual Averages
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north east of the smelter. The pasture fluoride concentrations on this farm

i!;i:F!ilx?ir?oult're 
nuoride concentration was e mg/ksrhe monthly limit of 80 mg/kg,

exceeded during , rfr".li*i' 
of 60 mglkg .na tt 

" 
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^:;':r^ntimit of +0 mg/kg were not

3.4.4 Farm No 4
Pasture Fluoride Concentrations

1993 Monthly Averages
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Cattle Urinary Fluoride Concentrations

1993 Annual Averages
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Farm No. 4 is on the northern shore of Awarua Bay, north-east of the smelter, Because of its
position this farm is regularly affected by the smelter's discharges. The result of this can be seen in
the variation in the fluoride concentrations in the pasture samples through the year.

The farm was topdressed the day before the November sample was collected. The fluoride
concentration in the sample was 3100 mglk1 and has not been included in the data analysis.

The annual average pasture fluoride concentration was 16 mglkg. The monthly limit of 80 mg/kg,
the bimonthly average limit of 60 mglkgand the annual average limit of 40 mglkgwere not
exceeded during 1993.

The cattle urine sample contained an average fluoride concentration of 8.0 mgllitre This is within
the expectedrange for this farm. The concentration of fluoride in the bone biopsy taken from a
year old cow was 1300 mglkg fat free bone. This is similar to the 1360 mg/kg for a yearling
measured in 1987. These concentrations would suggest the animal was on the borderline of chronic
fluorosis. The dental condition of the animals inspected would support this with the most recently
erupted teeth scoring two and three on the Suttie scale. The absence of teeth scoring four indicates
an improvement compared with teeth erupting in the late 1980's. This is consistent with the
improved control of gaseous fluoride emissions from the smelter's main stack.
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changes in the bone fluoride concentrations of catt le grazedon GMF4 are shown in the preceding threegraphs' The concentration has inc.eased rrorn uuorilibo ,e/kg in rqg6 io 
"u"r, 2500 m{kgin 1992 andhas not increased tintt *:l T';il;qone biopsvird; in 1993 was from ayeuringheifer which had afluoride concentrati"l ol r:oo mel[& srriiri-dr;:ffi;i, 1986 The increase in bone fluorideconcentrations indicate that the ti'ttr;t exposure to fluoriie has changed from having no adverse effect toborderline chronic effects' rrre incteasing trend of bone nuoria. conJentrati"r'", cvrr 4 appears to havestopped with the concentration sabilised-at til r 990 ;;,I"1!t.ati.on.. Bone_biopsies coilect ed, in earry 1994
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3.4.8 Farm No 10
Pasture Fluoride Concentrati

Page 3s

ons
1993 Monthty Ave rages

100

80

o)
.Y
CDE40

0

40

30

20

1o

60

20

50

Jan Feb Mar Apr Jun Jul Aug Oct Nov Dec
lUay sep

Annual Averages

E83 83 84 85 86 87

o)J
o)
E

88 89 90 91 92 93

*HI" 
10 is 25 km east-north-east of the smelter. The r993 pasture fluoride concentrations were
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3.4.9 Farm No 11 Page 3e
Pasture Fluoride Concentrations

1993 Monthly Averages
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Farm No' I I is 5 km north-north-east of the smelter. As with farm No. 4 this farm is periodically
affected by the smelter's discharges. Accordingly there is greater variation in the fluoride
concentration in the pasture than on more,emoie farms. 

-

E83 83

ln August there were elevated concentrations of fluoride in the other vegetation samples
collected in the vicinity of this farm and at sites further to the north-eastlThis would suggest the
smelter was the main source of this fluoride.

The-annual average pasture fluoride concentration was 19 mglkg. The monthly limit of g0
mdkg' the bimonthly average limit of 60 mdkg and the unn.iul uu"rug" timit or+o mg/kg were
not exceeded during 1993.
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3.4.10 No 12

Fluoride Concentraff ons
1993 Monthly Averages
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Farm No' 12 is on the northern shore of Awarua Bay, east-north-east of the smelter. Because of itsposition this farm is regularly 
'tr";;;; iy ,rn.lt., airrrru.s., The resurt of this can be seen in rhevariation in the fluoridJ.ord"r*uiio;, 

[rl. ,*F":6-j.s through the year. Arthoughsignificant' the variatio' i' int ,n";;rg."rurts ro, rqgii, not as great ashas been observed inli'iff-,;'rTffirfi;*LffiJ,l'iaI .",,,"iiui^onn',ni, r";;;;;;,il,.'lu,g.o rrom ress than

Fertiliser was applied to this farm prior to the May sample collection.

The annual average pasture fluoride conc-en1r1ti onwas-24 *dkg,]he monthly limit of g0 mglkg,:liiiil:'lH#',3ff*;ffi;il*'""0 *,. unn,ur u";*s. rimit or40 me/kewere not



3 11 Fa No 13
Pasture Fluoride Concentrations

1993 Monthty Averages
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Sheep Urinary Fluoride
1993 Monthly Averages
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As there is no fertilise.l co3taining fluoride applied ro the Tiwai Experimentar Farms (TEF), ar thevariation observed in.the nuotiof'oiilnt.utio* in uoii-tt" pasture and the sheep urine is due to
:ffi H,1,' iffiffi ;il;""## ii;1;;h?J;tr#.'1f#'ffi ievi o u s v.,,,' *i Ii,,o rec e nt trend s

No urine sample was collected in september to reduce the disturbance to the flock during rambing

fr ff#J::'":::fff if *::",lruffi ;:**,ration 
was 4 5 md ke rhe annuar av er ase, rin ary



Sheep Jaw Bone Ftuoride Concentrations
Annual Averages
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3.5.3 Farm No 2
Pasture Fluoride Concentrations

1993 Monthly Averages
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Jaw bone samples were collected and the fluoride concentration in the bone measured. trn both asegroups represented in the sample the average fluoride .on..ntration was higher than has beenobserved in recent years' This'is attributeaTo;,*rl ,;;;;n in a rerativery_sma1 sampre size. overthe vears these animals have b;;;;ng*,.r. hu, b*;;; upward trendi in the pasrure fluoride.,concentrations nor has the .or..rf,ution 6f fluoria. i"irli.:r.ine showed any upward tfend.

The dental condition ofthe sheep was assessed by the NZAS veterinary consultant. The average and
#fiJi;"tr1.'ffifft#i#H:ilt L: 

r"u'ou' v'*' ii,, .*g. orresurts using the Suttie ,!,t.*

A management change noted in the 1989IDC report has resurted in lower exposure to fluoride in thefirst year for stock raised in the riwai experi*.ntJrr- irolect. The change was to send weanedlambs to TEF2 ' some of these.ri;dr return as repracement stock ayearlater. The lowerexposure will depress the bone fluoride concentrationr, pu.ti.ularly in young stock and would beexpected to produce lo-wer tooth scores in the fi;; pql;?;.rr*.n, t.-.tt . lt* management of theTEF is being reviewed and a more .onrirt.rt approachr,wilr be recommended.
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The investigation indicates the following
o In 1986 NZAS changed from the Jacobson Heller method to the Association of Official

Analytical Chemists (AOAC) method number 26. Statistical analysis of the results of
reference materials showed no significant change due to the change in method.

o AOAC method 26 produced significantly lower fluoride results than the AOAC method
26 modified for hot acid extraction . , >'- Z ,, I .

o AOAC method 26 (modified) produced similar re6ults to the reference method ASTM
D3269 for total fluoride in pasture grasses.

3.6 Pasture Fluoride Analysis Methods

Investigation into pasture fluoride analysis methods continued during 1993

Discussion with the Southland Regional Council resolved that measurements of total
fluoride were required because most of the fluoride toxicity research on grazinganimals
was conducted using the ASTM D3269 method. As an interim move NZAS willuse the
AOAC 26 modified method from January, 1994. Pasture fluoride results will increase by
approximately 15 to 20o . NZAS will also investigate the development of more practical
methods of measuring total fluoride. The ASTM D3269 method has very significant safety
and productivity issues which must be overcome.
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4: DTSCHARGES TO WATER AND THETR EFFECTS Page 44

The smelter's liquid discharges are subject to five Coastal permits. The following sections give
details of trends for each permit.

4.1 COASTAL PERMIT No 90057 - NORTH DRAIN

Discharge Fluoride Concentrations
1993 Monthly Averages
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Discharge Suspended Solids Concentrations
Annual Averages Page 45
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Receiving Water Fluoride Concentrations
{993 Monthly Averages
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The discharge fluoride concentration permit condition for the North drain was exceeded in lanuary and
June during 1993. The receiving watei fluoride concentration permit condition was also exceeded in

lanuay, 
The factors contributing to these incidents have been discussed in previous reports. Continuous

*y 9.1" coupled with meteorological data have been collected throughout 1993 from atl three site drains.
I his inform{i9n, along with routine monitoring data and data collectld from other investigations has now
0een forwarded to a consultant. Once NZAS is satisfied the consultant has recommended elffective, long
term solutions to this problem, a decision to proceed with the implementation of these solutions will be
ta.ken
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Discharge Fluoride Concentration
t 993 Monthty Averages

12

10

8

6

4

s Fage 46

o
.=
o)
E

2

0Jan Feb

Annual

Mar Apr May

Averages

Jun Jul Aug Oct Nov Decsep

E
.=
o)
E

12

10

I
6

4

2

83 83 84 85 86 87 88 89 90 91 92 93

Discharge Suspended Solids Concentratio ns
1993 Monthly Averages
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Discharge suspended sorids concentrations
Annual Averages
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Receiying Water Fluoride Concentrations
1993 Monthly Averages
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All.the measured parameters in the West drain's discharges and receiving water are stable andwithin the permit conditions.



Page 484.3 COASTAL PERMIT No 90059 - SOUTH pRAtN
Discharge Fluoride Concentrations

1993 Monthly Averages
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1993 Monthly Averages
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Receiving Water Fluoride Concentrafions
1993 Monthly Averages
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The catchment of the South drain is the metal storage yard, the southern side ofpotrooms and the
Metal Product's roof and cooling w.ater systems. gecause of this catchment'spr*i*ity to
Potrooms any stormwater runoffwill contain fluorides from fugitive dusts *i gur.ou, discharges.
In the past this has been diluted by significant volumes of fresliwater from Vteiat products rooTing
water system. There is now very little overflow from this cooling water system entering the South-
drain. This has reduced the flow in this drain to the point where"there is, at times, no di-scharge
during periods of dry weather. This lack of flow meant that in August tbe: disct a.ge samplJs
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could only be collected on two occasions. The August resurt and the apparent upward trend in page s0the discharge fluoride concentratio, riorra th";;6;;."i",i..pr",.d as a meuru.e of the reductionin overall volume discharged, no, * inr.rase in trr" russ ornuoride being discharged. This issupported bv the lack of isimilar trendin th" ;;;i;;;il. fluoride concentration. This issueis also being reviewed by the.ornp*y, consultant.
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Suspended Solids
1993 Monthly Averages
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The reduction in volume and the improvemants in the quality of the effluent achieved in1992
were sustained in 1993. All permit conditions were met.
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The treatment of Spent Cathode Leachate (SCL) continues to produce an efiluent with a very lowconcentration of free cyanide. Work was undertaken during 1993 to refine this treatment process. Theobject of this work was to produce the same quality of efflient but reduce the amount of chlorineproducing reagent used. This work continues.
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The reduced volume of leachate generated si1ge.th9 cappingo-f_the existing pad meant there were only 46discharges during 1993. This compares with 90 in:rig)'ani 127 inl99l. compliance with all permitconditions pertaining to the quality and quantity of the aischarge was maintainld fo, all lgg3 dir.h*g"r.
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Receivinq Water Total Cvanide Concentrations
AII 1993 Discharges
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MAX. ALLOY/ABLE CONCENTRATION
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The apparent upward trend in the 1993 annual averuge receiving water total cyanide is the result
of a change of procedure rather than a change in the condition of the environment. A revised
receiving water sampling protocol (ref. IDC report 1992) operated for the first full year. This
calls for the receiving water sample to be collected shortly after low tide. This has two effects.
Firstly, this is when the discharging effluent concentration in the receiving sea water is at its
predicted maximum. Secondly, and more importantly, there is a groundwiter discharge zone at or
just below the low tide mark. Sampling at this stage of the tide ensures the concentration of this
material is also at its maximum. This is considered the source of the cyanide measured and these
samples serve to routinely rnonitor the quality of this discharge. No trends are evident.



5: GROUNDWATER

5-l Soent

Page SS

Leachate

The investigation into the effects and mitigation of the Ieakage of spent cathode leachate into the
aquifer at NZAS continued through 1993. The main componints oithe investigation were:

" confirming the discharge of contaminated groundwater into the sea"
n developing in situ bioremediation options, and
. developing pump and treat options.

The investigation has confirmed that contaminated groundwater is being discharged into Foveaux
Strait adjacent to the Spent Cathode Pad. There are two zones of contamination, one at or just below
the low tide mark and a second approximately 60 metres offshore. As expected the discharge rate
relative to the movement of the sea water is small and there is rapid dilution.

Pilot scale trials of an in situ bioremediation process known as a biocurtain have shown that cyanide
concentrations in the upper part of the aquiler can be reduced. Free cyanide, if present, can bireduced
by 90% or greater. Complexed cyanide concentration can be reduced by up to 4Oolo. Unfortunately it
now appears that achieving these levels of reduction may require the disturbance of a strip oflcoistal
dune in excess of 20 metres wide by 200 to 300 metres long.

A dense plume of leachate rich groundwater has been located at the bottom of the fine sand layer of
the aquifer, 20 metres below ground level. This dense plume is approximately one metre thic[. Trials
will continue in I994 to establish the viability of selectively removing this material for treatment prior
to discharge to Foveaux Strait.

5.2 Diesel Leak

The active recovery of diesel from the aquifer under the NZAS site ceased in August. At that time the
rate of recovery had dropped to less than 20 litres/day. The total volume of diesei-recovered from the
aquifer was 523,000 litres. The diesel recovery will be restarted in February 1994 todetermine if time
or changed circumstances have made more free diesel available for recovery.

The installation of the bioremediation plant was completed and commissioned in June 1993. The trial
area is under the metal storage yard. The trial is to deiermine the best means of delivering nutrients
and oxygen to the naturally occurring diesel degrading bacteria. Once the most effective-method has
been determined the bioremediation will be expanded to include the entire area of the spill.


