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1. Purpose 
The purpo~e of this reportt is to wovtde NoisB 'Rogul:a~ion technical advJce in relation to 
~r1!; rncence review of Richgro Garden Prodt.Jcts located at 203 Acourt Road, Jandakot. 

2. Documentation 
Noise Regulation has been provided with ar~d reviewed the follow documents in order 
tc provide this advice: 

Table 2.1 Documentation 

Date of Objective 
Document title Author document rererence 

.~ ~ . . 
i .... m1ss1011 

I Assessments 
I 5 Jwr,e 2015 
I 

i\ic;ise Ass-sssmenl (AD Facirity 
Commissioning) (Report Na. 1415• 

.. 229): Ri,chgro Garden Produc!,s 
Err1ironmenia, No/:se Assessment 
(Ref- 19170-1-13116)· Richgro 
Jandakot ,-, 2015 Opfimtions 
Anaerobic Oig~s/er - for Emission 
Assessment 

{- - · 
Herriiig: Storer · 12 May 2015 
Acoustics 
{HSA) 

' 
•. ·········-·- 1-

Not~<;e Emis:ions following -Ccntrof I Herring Storer 16 July 2(}14 
(Ref ·18026-·1-12116): Hichgro Acoustic~ 
JamJakot _ . ···-•--·-·---'_._H~S'\} _____ _ 
Odrwr, Air and Noise Swvey P,'an 
(Commiss1011ing Ph:Jse) (Ref: 1311-
123): Richgro Garden Pmdilcts­
Wm-J(s Approval W 5311/201211; 

Emission 
As$essments 

3 September 
2014 

A1069451 

A1084695 

A803·157 

,. Licence Conditions 9, 10 a11d 11 
~ .. . . ... -- ·~ ,--~-- ,,, .. -.,, ~ --~ ----~ 

; Licence L7 308/199Bl13 DER 17 October i AB2.?.85-6 1 

2014 ' . __j l 

i ... ---- ............................ _______ J. ·- .......... . 

--~--·! _8 July 201~_j _~Ul~I11~ _ I [ _ Wwks Appro;1ql W5311/20_1?(! ________ .. 1 DER 

3. Advice request summary 
111 ptef}ar:ing this advice Noise Regulation has beien requestj;:d to specific~ll!~· 
considerladrlre$S lhe ltems detailed in Table 3.1 below. 

Table 3.1 Summary of specifically requested advice 

No l1em 

i 1 Are the methodology and assumptic:,ftS used in the Noise Report m for purpose and 
st1fficientl}' robust? _____ ·····--·--·-·---··-- - ------
Where relevant, are a!l modeliiig inpu!s a11d assump1ions fully justified and has 
modeling -~een ~nd~rl~~~n, ~pp1·~eri~_tr-lY'? _ .. __ -··-
What are 1he appli:::ant's findings ot: the source of noise, including likelihood ancl 
ccmseqUf:!~~e of Uie emissions? . ~ __ ___ _ __ _ _ _ _ _ _______ _ 

4 Has tile risk of noise been <'Jppropri.'.lte!y assessed, takjng h,to account the 
i emissions, pathways and re(;tptors? Please summarise the app~icant's findi11gs on 
J ns~: ___________ ----~~-----
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5 

6 
7 

A:e.!he.g~_mrols E!'.£!?.~Sed l}y the report sufficient at m.~n~.9L~ no~~ emi~!?£11'7 __ _ 
Are the resLJlts and conclusions on noise emissions re.a:sonable? .. --~-·y•.--------
Has thtl occupier met compliance with the works approval conditions, til'lrt1ely that the 
noise assessment for all noise emissions Is undertaken during Nom1.al Operlitting 
Conditions, as well as ensuring thaf thei following infoirnation has been provided; 

o methods. used fot noise moni1oring at the premises in accordance with Pait 3 of the 
Eovimnmontof PmtC:f:liorr (Nuis~} Re.gulaliot1s 199'7: 

o an assessment of whether noise emissions from the premises comply With the 
assigned levels defined in the Eovironrm:.in!al Protecl/011 (Noise) Regulations 1997; 
and 

o proposed mitigation mea$1.Jres, acti□ns to be taken and associated timeframes for 
implemenlation if 01e noise moniloring resull~ indic::ate that noise emissions from 
the premises exce~o the as:.igne<l levef1>. 

8 If your assessment iclantifies that fur1her infor"mauon or clarification on. the proposed 
controls, vmal speciric queslions can DER put to the applicant? Please stale these 
clearly for inclusion in any written request fer clarification that OER LAA sends. to the 

______ applicant ___________ _ _______ ,. ____ _ 

g Plea~ also commenl on any other noise-related is-sues requiring oonsideralion in 
relation to the ficel'\ce amendment application. given that the premises already c<lnducts 

,_____._m_u_l_ch!_ng operati()Q;l,_, ___________ _ 

4. Advice 
Condilion 6 of the Works Approval W5211/2012l1 states: 

ODOUR AND NOISE BASEl.lNi= ASSESSMENT 

6 (~) The Wo1ks Approval Hofdot sfmtf provir:Je (o the CEO a,1 Odour and Noise 
Baseline, Assessrmmt Program for current operations an t,;ifa. This Program 
shall include ~ proposed source and field assessment melhodology for alf noise 
and odour emissions genoratod at the premises. 

(b) The Wo1ks Approval Holder shall ensure that tho Odour And Noise Baseline 
Assessment required by condition 6M of this Works Approval shalf be 
conducted and a report deJai/ing the results provide-d to the CEO at feast orte 
month prior to commissioning of the works. 

The Conr::litio,1 9 and 10 of the same Works Approval flirther states: 

NOISE ASSESSMENT OF OPERATIONS 

9 During the commissioning stage, the Works Approval Holder s/Jall conduct an 
assessment of all noise ornissio11s occurring on s,te during Normal Operating 
Conditions. 

10 On completion of commissioning tlle Works Approval Holder shall submit a 
Noise Assessmeol RerJort to t/-1e Director of the results rsquirod in Condition 9 
of this Worl<s Approval where the Noise AssessmoJJt Repor1 s{1af! contain, but 
nol be limi1ed to: 

(i) m~fhods usecl for noise mcm1tort'11g at premises in accordance with Part 3 
of lhe Environmental ProtectiotJ (Noiso) Reg(}{afions 1997; 

(ii) an assessment of Wf)r!ttht::r noise emissions from the premises comply 
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with the assigned levels <lefinecf in tho Environmental Protection (Noise) 
Regolflfions 1997; 

(iii) p1oposed mihg&tfcn mewitJr&S, ~ctions to be t~ken an(l d-5S{;ci(l(e(l 

1/meframus for knplement~tion il tno oohw r,;ornfo1ing results indicate 
that ooise e-mjssions from the premises e:x:cf·md /lit.• ,m~iwrmcl fovels. 

l understand that the aoise assessment reports have been submitted to meet the 
above n1eniion<:d conditions. 

General comments 

The Herring Storer f\.l,;oustics (USA) 2015 noise assessment report states that 
'meilsuring noise P.missions et adjacent residential pmm,~c;es fot /'1f,' ex/sung f?icflgro 
opera/ions and the AD facility d11ring fhuinr; (100%) tmv9 been attempted /mt wem 
dc:mfnafr:d f)y backgroimtl noise from aircraft from Janda/wt airport. For thrs rea$on, 
noise measuren1ent was only conducted at the Richgm site to i-neasure the sour,d 
power levels of the major plant, which were then fed ir:to the noise modellir,g to predicl 
noise levels at the nsighbouring noise sensitNe pmrnises. Hence, the assessmerit of 
the nnls,~ compliance was not conducted directly by measuring the noise f:evels a1 the 
neighbouring noise sensitive premises, but ind1rect1y by the noise modelling. 

This Ht-)proach for demrinstrating the noh-;e r:•:-implicmce may be acceptable, if the 
actual noj.se e111iss,ior1 levels at the neighbouring noise sensitive premises could not be 
measured. While 1 understand that Jandakot Airport is a bus~• airport and the 
frequency of the aircraft movements ts h;gh, there should be 1tme periods that airnmft 
noise is not significant/dominating at U1ese nc-i~e sensiitfve premises neighbouring the 
Richgro site. These time periods should provlde oppottunWes for a proper 
measurernfdr:t of the noise emitted from the Richgro site. I note that HSA was able to 
measure the t,ois~! from the V\lood I log shredder at Acourt Ro~d in 2014, 'in the 
absence of sigmtl(;anf 0U1e1 noise sources suc/1 as airr:raft end bar1{iOg clogs·. Hence, 
it is likely a direct nojse me.~su1ernent tu d1;1rnonslrate ths noise compliance could 
h;ive b~:en conducted in the 2!H5 assessment. 

HSA has also stated "ft is nofr:xfflwt the reason why the assessment fm:.· bcrJn carried 
out by oco1.1stic madelJing (raU1er tfr&n tnc(j~!irement at ,ioise sens.it/v~ premises) is to 
ar!ow for 'worst coso' wind cofidition~ ill/here .maximum soond propagation candirions 
ocr;ur, and ro permiJ assessment wi'fhout tf,e comp,e;</!y of t,ac:fwrv1.md noise from 
aircraft and barking dogs'·. I would ~llpport the acoustic modellh)g incorporating tile 
'worst case' wind conditions to demonstrate noise compfiance, particularly when the 
'worst case' weather conditions were not observed during a site nDise measurement. 
Hov,1ever, ncise compliance is still required to be demonstr~ted by actuEll noise 
measurement at ti,e noise sensiiive prcmism,. Noise modelling should only be used ~s 
a suppl&mt':mi to the actual measurement. 

HSA states that there may be times when the noise emissions horn the ah redder will 
be 'tohal" at noise sensitive receiver fot:a1ions. However, due to the prevafence of 
aircraft noise ttio tonal characler:s1ic may b~ m~sked for some of the time and 
therefore no adjt1stment for tonality is required. VVhile I agree that the tonal 
characteristic of the noise from the shredder may be masked by aircraft noise from 
time to lime, there are periods !hat noise from aircraft movements is not s1gnific.3nt 
and dominan1, wheri the tonal characteristic of the noise from the shredder cannot be 
masked. An adjustment for tonality may be still required. 
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lt is. noted that residential development is uccurrir1g on the closest neigl1bouring lot to 
the north-west. HSA has identified that noise from Richgro may not be able to comply 
with the assigned noise level at thfs lot when the residential development 1s completed 
and occupied. HSA has proposed a bund adjacent to the AD Facility with the height at 
RL35.5 to address the noise not1-cornpliance for this scenario, which ma.y be 
sufficient. 

It is predicted by HSA that ~there is potential from specific noisy equipmer,t lo 
contributo lo an exceed,mca of the weekday 'assigned l&v@f' ot some noise sensitive 
premises. This is dLJe to the occasionaf use of a greenw0sfe sltredder by Richgro", To 
address this potential noise non-compliance issue HSA st.ates that ( 1) thei noise 
modelling was for ·worst case' wind conditions hence the actual noise level should be 
lower; and {2) the noise sensitive premises surrounding Richgro / AD Fadhty are 
currently exposed to significant aircraft noise from Jandakot Airport traffic and frotn the 
special 'dog precinct'. HSA does not expect noise emissions from the AD Facility to be 
intrusive at these receivers and hence has not proposed any noise mitigation 
measures to address this identified potential noise non-compliance. The statement 
that the noise emissions w'ill not be intrusive is not supported as both aircraft r1oise 
and dog barking is intermittent and will not mask the shedder noise. tmplerneritation 
of a,ppmp.riate noise mitigation measures, as required by Condttion 10{iii) of the Works 
Approval, remains relevant for the premises. 

Answers to questions 

My answers to the each of the questions are as below: 

1, Are the methodology and assumption$ tJSed in the Noise Report fit for 
purpose and sufficirmtfy robust? 

As discussed in General comments, the assessment of the noise comphance was 
conducted indirecUy by noise moc:telling, rnther than direct noise 
measurement/monitoring at the noise sensitive premises. 

2. Where relevant, are all modeffing inputs and assumptions fully Justified and 
has modelling .been undertaken appropriately? 

The model1irig inputs and assumptions are approrriA1e. However, as stated above,. 
noise compliance ve~ification shoufct be focused on noise measuremc11t at the noise 
:sensitive premises. 

3. What are the applicant's findings on the source of noise, including likelihoocJ 
and consequence ofihe emission$? 

The major noise sources, including likelihood and c;onsequence of the emisslons 
-seem to be identified correctly. 

4. Has the risk of noise be-en appropriately assessed, tal<ing Into acc11unt the 
emiss,om;, pathways and receptors? Please summarise the appllcant's 
findings on risk. 

The risk of noise has not been appropriately assessed, particularly in terms of 
tonality assessment and tlle potential noise non-compliance identified at some 
neighbouring noise sensitive premises 
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5. Are the contrt;>IS proposed by the report sufficient ;it managing noJse 
emissions? 

A ound adjacent ta the AD Facllity with its heigi1t a! Rl.35.5 ti.is been proposed for 
the sDena:rio when the residential development to the nortlH•1est if> c·ompleted and 
occupi~d. This may be sLJfficient at managing the noise emissions for this particular 
residence, however no noise mi1igatton rne3sur·fH, b,l\Jfi ibeen proposed for the 
potential noise noo~cornplianoo at other noise sensitive premises as rec.1uired Lmder 
Conditlo11 to{iii} of the Work:s Approval HSA's statement that ''the noise srmsit111e 
premis-~s .srn;romJ(fing Rfchgro I AD Par;i.'i;'.y <ire c.:unent.!y exposed to signif.ican·I 
aircraft noise from Jandakot Ai,po.,t traffic cmd ircm the speciC1f 'dog pwc:iJ 1ct. It ,-.s 
not expected tfJat noise emls&/ans from aw AD Facility wilf be in!msive &t these 
ret:OiV(!/'S" may not be correct. No noise mitigation measures have heen pmposed 
for this potenti~! noise non-compliance scenario, 

6. Are the results and r:onclutsions on noise emissions reasonable? 

The modelfod noise emission level$ seern reason(lble. 

7. Has the occupi(lr mot c:ompfianr:e with the works approval conditionst nilmely 
that the noise asse.$Sment for rill noise emissions is undertaken during 
Normal Operating Condition.s, as wefl as M$Uring that the following 
info,mation has been provided: 

o methods used for noise monjtoring at thfl premises in aeeordance with­
Part. 3 of the E11viror1menta/ Protectfon (Noise) Regulations 1997; 

o an assessment of whether noise emissions from the prem;se.s comp,y 
with the assigned levels defined (n the Envfronmenta/ Prntectiatt 
(Noise) Regulations 1997; and 

o proposed mitigation measurus, actions to be taken and as$ociated 
timeframes for implementat;on if the noise monitoring resulis indicate 
that noise emissions from the premises excead the assigned levels. 

Please Se€ comments above. 

8. If your assessment identifies tlJat further information or cfnrifir;ation on the 
proposed controls, what spec;lfic questions can DER put to the applicant? 
Please state these clearly for inclusion In any written request tor clarification 
that DER LAA sends to the applicant. 

The Works Approva1 holder could be required to redo the noise comp.Hance 
assossmerit by measuring noise levels at the neighbouring noise sensetive 
premises under various operating and weather condition~, Because HSA has 
identih'ed exceedence of the assigned levels through modelling, implementation of 
appropriate- naise mitrgalion measures (as required by Condition 1 O{iii) of the Works 
Approval} remains relevant for the premises. 

9. Please also comment on ;my other noise~related issues requiring 
Gansideration in relation to the licence amendment application, given that the 
premises already conducts mulching operations. 

None. 
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5. Limitations 
Technical expert advice in any field is subject to various limitations. Important 
limitations to the attached advice include: 

• The noise modelling and the predicted noise emission levels presented by HSA 
have not been verified by the author. 
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s:>urces referred to ct provid~d b~• third partie~ is c,utsl<ie the cQntral .:if St~tc cf Western Australia and it 
is therefore the resprJ11sibi1ity of tt:e user t:J make their ow11 -:feclsion$ on infam1ntiar1 found on thos~ 
lsXtmm,1 s;te<;.. Cc,11flrma1ion of a;ny of tho inbmm,ticm prov ide<l 111 this <h.ic1.1mr:r,t may b€' sought from the 
relovant ori-;in.;;tin~r ::ic-j1es m the depal1ment providing the infonn~tlcn: howr1vm, user5 c,! this m~terial 
~l1oold verify ail re1evant repreiieotatlona, statements and informlltion will\. tt1t1ir cwn proress.iori.al 
1;1,:lvisers. 

The State nt Western Austra!ia and Department ol l=nvlrcmmer,i Regulation reserve the right to ameo~ 
tl1e oontenl cf thi~ doct1mer\l m :;1ny !imc with01Jt notice. 

The lnfom1ali<m contained in tilis document,~ gene~cit It c:!oes not constitute, and should be not relied 
en as, iegal ad\•ice The State of West-em A~stralia reootwnrmds that users of this iriforliii:lliuri seek 
advioe fmm a qualified lawyer :rn the l~at issues affecMg them before relyiq;J on this anbrm::itlori Of 
aclinQ on any lerrat m.i,tter 

Questions ragattling this report s.houlcl l)fl directed to: 
Oap.~rknMt of F.n11ironment Regulation 
Locked 1:lag 2.3 C!oist~rs Squure 
PERTH WII 685[) 
Phone:. + 81 8 M6'i 5I10C 
Filx: ~-6 1 8 ,646! 5662. 
Email: info@det.wa.goy,au 
Web: www.der.wa.goy.au 

Ac.ce~sJbllity Thisdocumenl is oivt1il.1i1b!a in altemaa~'e formals and lii!1'19sJa90;; ,upon request 
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1. Purpose 
This re::iml documents 6Xpmt .idvice rel~led to the cha,1ges in grounctwater .:iu.alitV th.,.'. h3Vtl 
t;:iken pi.ice nea~ tne Rlchgro Garde11 Products site ;r, Jm1dakot.. Large incrcm,<:;s in 
conce,1trati{)~S of sLilfate and ammonium Ions ha11e been d~ter:!ed in water pumped from the 
water suppiy produGtion bore J130 which is localed next to !t1e ncrtlHa.storn boundmy cf the 
Rich_gm sit,::, Specific advice has been toiovided Dn the fo!low;r,g !$~ues 

·1. Whether the increa~e in conbminanl!l. (pallitularly ammonium and Sli'.fotE:; aor,s) in 
groundwater from the Water Corporatkm rrndw;:tion bore J130 ls likely to have conie 
from the cornJ){lsting' premises and if so, whether conta,ninl'ln~ le11ers likely to increase 
in the future {.and b-V how much); 

2. The worst case scenario of impacts that may occur at re<:"-eptors (gtoundwater, surface 
w.iter etc.) ~rid c;ver whcit timescales may this occur; 

3. If contamina.1ion ls considered likel~ to be from the composting premises, whe\he.r the 
groundwater mon·1toring results indicate that ~my particular 
infrastnmlure/location/activllies on the premises may be th~ source; 

4, lf ihe mcrease in conti.ilminants is m1t con:si•i~:red to result from ti):~ compostir.g 
premises, wr,at the likely scurce of these ccntaminantr, i~: 

S. Whether the data indicates any increasing !rnn::Js of ether cor.taminants that may 
repres0nt a risk to nearby rec~piors; and 

6. Whether the quality of groundwater in pr,v~te bores i~ likely to be being impacted by 
emissions from the premises and if so, what impacts may resident$ be e>:perienc111g., 
e.g. odour, staining. 

These issues are addressed within this report. 

2. Development of a conceptual site model 

2.1. Hydrogeological setting 
The Richgr.:) composting. f;;icility is !oca~ed on the Jandakot Mound, a large groundwater flow 
system withi1; the Superiidai Aquifer !o the south of the Swan-Canning Estuary (Fig.1} The 
Superficial aquifer be-neath tr,,e Jandako! Mo;.ind has a saturated ~hk.kness of a.bout 40 metres 
and the aquife1' is predominantly comprised of 1mcm1solidated sandy sediments c,f the 
Besseridean anrl Gnangara Sands (Davidson, '1995). 1h~ r~9iQ11~\ diredion 0f groundwater 
flow in the area is generally in a norlher!y direction towards (he Swan-Cann;1ng EstL;ary (Fig. 
1). However, it is i:kely that in ~he immediate vicirnty of the Rlchgro site gm;.md...,.,alf)r flows in 
an easterly to north-e-astcrly direction due to 1he effects of pumping from ne□rby water supply 
production bores. 

Groundwater from lhe Jandakol Mound is used for public water supply, and a •,vater sul)ply 
production bore {born mimber J130) is loc;aled adjacent to the north-efl~tem boLmdary of the 
Richgro site. This bore is likely to be scre(lnerj in the lov,.,,et part of the Superficial ,;1q11if<;1r and 
therefore the quality of groundwater pumped from the bore will generally only slowly resrond 
to w;.;ter· q\.l~lity chc1nges that take place a.t the water table. Monitoring 1fota from lhis 
production bore have shown a progressivi1l inr.rcase in bolh ammonium and sulfato ion 
concentrations owrthe last sixteen years (Figs 2 and 3). 

Tha potential sources of ih0se chemical canstiluents in groundwater are <:tiscu;;5ed in 
following sections in H,is. report. 
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flgura 1. l.ocation of the Richgro site and tf1e pri; ,cipal groundwater flow systm, 1s in 
the SupediciaJ Aquifer in tile Perth region (adapted trmn Searle cf af., 2010) 
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Figure 2. Vt'irlation of ammonhun nirwgen concentrations (;n my.IL) wW1 lime i,i water 
supply production bore J130 
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Figure 3. Vmfr1lioa of sulfate c;:oncentrattoos (in mg/LJ wilh lime ill water supply 
prmlfmfion Jmre .1130 
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2.2. Potential sources of sulfate in groundwater 
His,orical i;roundwaler investigations on the Jandakot Mow1Q (Larsen et er., 1998) have 
indicated that background c<incentr.ation$ of sulfate rn shallow g roundwater at that time (before 
the onset of the rising tren-d shown in Fig. 2) were generally less than 60 mg/L The 
sulf.ate/cliloride ratlo l<II ttwt time (Larsen ef al., 199BJ suggested that the sulfate had a mixed 
origin ani:I was denved from salli. in rainf:;111 deposite~ in tile region, from the ieacllrng of 
sulfat~ salts from fertiliser use, and from the oXrdation of sulfide minerals in aquifer sedirnenk,. 

Many of the monitoring. bores screened near the base of the Superficial aquifer in 199S had 
negl19ibl<ll levels of sulfate and very low :sulfa.telchlorlde ratios, suggesUng that sulfate ,educiflg 
conditions occurred ne~r the base of the aQuifer tn some locations at that time. 

Since 1998, there ha&; oo-en a general decrease in rainfall in the Jandakot area, with the 
aver~ge annual rainfall over the last ten years being about 744 mm compared to the long-terr,1 
average of about 844 mm This rainfall decline has caus-ed <i r~ional lowel'ing ot the waler 
table and the inc-..reased dryinR of a number of wetlands on the Jandakot Mound (Department 
of Water. 2016). 

The decline in the heigh! of the water table is likely lo have caused increased oxidation, of 
sulfide minerals m aqu"er sedimer1ts as they af'e 1->eing exposed to oxygen, increa1;,lng the 
levei of lxlth acidity and sulfate concentrations in shallow groundwater. There is evidence Iha! 
this- ls laking place at Jandakot Airport near lhe Richgro site, as monitoring of shallow 
groundwater at the airport site has indicat~d that groundwat~r is acidic and has .in average pH 
of about-4.5 (Jandakot Airport, 2016). Shallow groundw-ater is also acidic on the Richgro site, 
bul the pH of groundwater is higher generally than values measur€d at. the airpot1 site Th~ 
average pH of shaUow g;oundwater at the Richgro site is about 5.5. 

A simllar association between shallow groundwater acidi~y and incre;1sing sulfate 
concentrations near th~ ba$e of the Superfie-iat aquitar has also been observed in groundwa!er 
on the Gnangara Mound (Appleyard and Cook, 2009; Clohessy et al., 2013} In an area wMre 
the water table is falling due to low rainla.11 and the effects of high rares of groundwater 
abstraction ,n the Mirrabooka borefietd. Investigations on the Gnangara Mound have 
indicated that although gfoundwater near the base of the superficial aqwfer was not acidic, 
th+ire was a progressive increase In sulfate concentrations over a twenty year period, similar 
lo the trerid observed In bore J130 neat !he Richgro site. 

lnveshgahons on the Gnangara Mound and e1sewhere in the Per1h region (Prakongl<ep ef al .. 
2012: Salmon et al., 2014) nave indicated that the Bessendean Sand contains sufficienl pyrite 
(an iron sulfide mineral) to release acidity and sulfate Into grcundwaterwhen the Wiiler table is 
lowered beyond its natural seasonal range of tluctualions. 

However, it is likely that most 9f the acidity and sulfate that Is released into grour.dvliater from 
the falling water table is derived from 1.vetland sediments which typically have more than ten 
times the pyrite content of Base..endean Sand soil materials {see e.g. $eijrle et al., 2010). It is 
therefore likely that the oxidaoon of secfrments in Lukin Swamp, which is located immedrale[y 
up-gradient of the Richgro site, is the most significant source of the sulfate concentration 
increases tllal are being detected in wsJer supply production bore J130 

2.3. Potential sources of ammonium in groundwater 
Hlstoncal groundwater inv-e.stigations on the JandaKol Mouno (lafflen et al., 1998) Indicated 
that ammoniufl\ concentrations In ground-.,.,.o1ter in the area were ger1era1ly lass than 1 mg,1l as 
N before the rising treM observed in bore J130 took place. At lhat time, elevated ammonium 
corweritrations in groundwater were considered to have been derived frorn livestock wastes 
on hobby farms and from septic tanks. 

Since that time, there has been a progressive increase in ammonium concentrat,or,s detected 
in produclton bore J130. One possible source of the additional ammonillm is seepage from 

Groundwater quality issues. Richgro Garden Products site, Jandako1 
■ 
■ 

140 



Department <"Jf Environment Regulation 

the R1c.hgrc sit~. as shallow mon1toring bores at this site have shown elevated r,onr.entratic;nr, 
of this chcmtc:al co:istil~ent in gro;.md~•Jater. llowevi;,J', the significant cmretl.l:ion between 
~1~ffi0niLon and su:fato jo,-, ~etncentrntons n.tem,.wed in bore J130 {~rrolatiOn cceffidern e 

~.1$3} a!ld lhe similar trends of concentration incr~a:;;ns with tim:e shovm b~ U1ese ions suggsst 
1hat they atre d-ori•1<11,J from-~ c.omnion s,c:,urce. The oxida!.ion of o!'g,:mic-rich 1,vetl.,,nd l.edlrn~nts 
that contain pyrite ar.e knows: lo release nrgh con-centratk;,ns of both ammor1ium anrl :o.1_~lf«10 
ions into groundv.rater (Appleyard et al., 2006; Searle e( al., 2010), and therefore i! seems 
likely that th~ dryin9 of sed®nts iri Lul:.in Swamp is !he ~rim;ipa~ source of the- mrn1ro11itlm 
c.-0ncr:mtmhm increase!. th1i h3ve beon obse.M3d m bO"O ,1130. 

Figl.1ro 2 indicates that periodic coucentratlon i:>eaks of ammonium have -occurred in bor~ Jl30 
that a,e superimposed on. a trend of incro~ii:ng tmckgrountl co1~cenlraU01~s of this chi;:,micr1i 
constltu~nt i11 gmundwaler. Thestl concentration l)l,!c'lks may be due to seepage from the 
Richgro site, bu! in practice it wo1Alc:! be difflcull 1o dislihguish between potential Sc:>'\Jrces of 
~mmonitm1 j(]nr. ki1 groundwater in the vic!nity of bore J'130. 

2.4. Other contaminants that may be associated with acidic 
groundwater 

1ncreased acidity caused by a. foiling water table is kr,own lo increase the c;onoo11trat1ons of 
sorne metals In shallow 9roundwatef, ~spc~laliy c:orr-ccnirations nf aluminiul':i, iron and z.h~, In 
areas th~! hav-a bo-0n effec:c:J by grm:nlfwate1 acidity, aluminiur.n 0011centrations 10 particular 
can reach ff:lvals that a1e toxic to garden plants, th;:it are• irrigated by water pumped f rom 
s1,a,1mv bores. 

In areas ,vhere w~1la11d se-diment-s ,;;ontain high leve[s of arsenic, high ccm:entrations of this 
element can also be rtlleased into groundwater by the ox~dati-0n of py~jte as the water t.ibto is 
!c-wered For i!'lstanc:c. ele\•ated or!;enic con.cei:lration,s have heon r0li=m~ed into groundwater 
frcm urban dewati'lrlng within tl10 (:ity of Stirling. As a result of ll1fs, arsenic: conc~ntroillions of 
up to 7000 µgfl were rr1easured in a dcmo~tic bore io this area (Appley"1rd et al., 2{1□"5) dL~o to 
the mcioatioo of aTsenlc-rich pyrite (ar.senian pyrite) in s~diments in th~ ;irea. Thls 
CQflcentration is a thousand times higher than the Australian drlnl<ing water guk:lel:inn for 
arsenic-, and a hundred times the limit for arsenic tr; water f.-01n doma6lic bores tt1al has been1 
recommended by the Department c.f Health. II is not known whelhor sediments in the vicinity 
of the Richgro s.ite contain elevated con.centrations of arseni~. 

Radium is- al~o a CQntamiriant that should be considered when looking al "worst case· 
scenarios for the potential impacts o! acidic gruundwater on environmental receptc::rs. 
Althot1ah ;·adium concentrations. t ,ave not been assessec:i in acidic shallow groundwater iri tt,c, 
Perm region, investigations ,r.: similar sandy aquifers in the USA (Oerihom el al., 2005: Szabo 
el al-., 2012) have !ndicaied tt>at radturn levels would commorny exoeed the Austre~~m drinking 
water criterion ....-heh· gro,.mdwal~r pH fe11 below about pH fi dhe fo the desorp!iu11 o! this 
element fron1 minerals in the aquifer rnatrbt The ultimale s.ourco of th6 ~dmn, was foum.l ~o 
be the rare-earth mineral monazite which is pre:s.ent al low le1tels v.iithin aqutfer sodiment.s. 
The radium was fQund to have been released over a long pcriiJd of time from the tnonazite 
and ther1 adsorbe<I on mineral coatings on sand grains wilhin the aquifer. 

As s~diments of the Bassendean Sands are also 'k.ncwn t-o cont~in low !evels o1 monazite anrt 
!,ave a similar mineralogy to acidic sandy aquifers in tho lJSA with t\igh r.:id!'Jm c.<.1nc::i,mtrati,ons 
there is a t isk that similar ekwated radium cohi;entrations couid be present in ~ha~o.v acidic 
groun;:lw.::atcr on lne Jc1ndako1 Mound. 

Contaminant!'} rn\c91;ci:.i 111.to groundwater rmm aciditici:i,hcn at the water table a.re unlikely to 
signifioantl:,· affect the quality of grour.dwate, that :s pumped !or public water supply from neGr 
the b.1s e ot 1he Superficial aquifer. This i~ because the level of acidity in deep grot,r..dw~tcr is 
tikely to be ametiorated by reaction with calcareous sedfmor:1-s that are present near the base 
of the Sup,erficial aquifer in fh<'l Jami'akc! meo (the Asc-::it Beds) which is lil<.oly to n:iducE the 
,co11c:entration,:, of many coritaminonts in gro,if'ldwater. Aoi;litionally, groLmdwaterthat is 
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pumped for public water supply m the area is treated arid water quatity is reglllarly monilored 
to ensure that it is suitable for potable use. 

However, Water Corporation and lhe Department of Health may wish to review whelhef the 
treatment and monitorfng program for bore J 13G is adequate to manage the range oi chemical 
constituenis tha1 have been discussed aboll'e. 

3. Assessment of the potential impacts of contamination on 
environmental receptors 

3.1. Principal receptors and the rate of groundwater flow 
As has been indicated 111 pre-vious :sections, the principal source of ammonium and sulfate 
oontamination that is being detected in bore J130 is tiKli?IY to be from the oxida~ion of wetland 
sediments ass{ldated wlth Lukin Swamp. The principal receptors for these- chemics:I 
constituents, and other· potential groundwater contaminants, are considered to be water 
suppty productioli bore J 130 and dome slic g;i rden bores in a hous in9 development !ocated 
hydraulically downgradient of th4i! R'ichgro site. other potenlial receptors include phreatophytic 
vegetation and w@tlands downgradient of bore J 130. 

The rate of groundwater flciw is likely to vary betwe-en Lukin Swamp and bore J130 due to the 
presence of a cane of depression at the 'Nater table ca.used by lhe pump.ing of this and 
nelghbo1.1rlng prodl!ctior, bores. In the immediate vicinity of l.ukin 6wamp. the rate of 
groundwater flow is pl'obably .about 50 rnlyeer .. but ttie flow rate is likely lo increase to more 
Hian 100 m/year in c!OSI;! proximity to Ille production bore due to the steepening of the 
hydraulic gradient caused by pumping. Assuming an .iver~ge rate of groundwater flow af 
ab~ut 100 ml)1Mf, ft would take abo1.rt four years forgroundwaier to travel from Luldn Swamp 
ta production bore J130 

3.2. Potential range of contaminant concentrations in 
groundwater at receptors 

Information from bores in similar hydroyeological setting~ in th.~ Perth region can be used lo 
estimate the highest con::::entration& of sulfate and ammonrum ions !hat might be reached in 
groundwater pumped from bore J13D. 

For in~tance, sulfate concentratior1s in a similar production bore rocated near oxidlsi..ri:g wetland 
sediments ir, the Gwelup borefield (bore G80) increased fmm less than 50 mgJL to :;i. 
maJdmum CQncentration of about 300 mg/Lover a twenty year period (App,leyard et &f., 2006) 
d(1e to the oxidation of pyrite in peaty m~terial Sulfa,te concentratfotis in groundwater from 
lhis bore have since remained in the range of about 200-300 mgll and are possibly 
maintained at this level b\o' the solubility of gypsum. T'his is also like•ly to be the highest sulfate 
concentration th~t would be reached in production bore J'130. Sulfate concenl.ra1ions of up to 
300 m-g/L would exceed tiie drinking gui-deline value of 250 mgll, but this could be remedisd 
b~1 mh<ing with water with a lower suffate content The increase.s in calcium c.oncentration th.it 
would be likely lo co•occur with sulfate increases {Applejlard el a/., 2006) coulc:t affect the 
hardness of the water and may i!icl'ease the cos! of treating thP- groundwater to ma~e it 
witabte tor publ.ic supply. 

Amrnonlum ,conc:enlrattons ln Gwelup bore G80 are lower than levels measured in bore J130 
and therefore cannot be used for comparison. However, ammonium concentrations of up to 
·rn mg/Las N are commonly obr;erved in bores nearwe-tlands in the Penh region. Thii;; 
concenlration is consid,;,,ro(I to be the upper limit ammonium in groundwater pumped from 
bore •. 1130. Ammonium concenlraltons of this magnitude h.ivo the potential to chan9e the 
offectiveness. of chlorination- of water that is p~rnp,od for public supply because of the 
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formafon of chloramines. 

The most ·signlir:flnt ~hange5 in yroundwaler quality i:;ause-d by ttie lowering of the regional 
li,•.1tsr tab!~ .~rn li;.;·rily to tako ph:ice in ~hallm-v 9rout1i.lwater. C0nseqLl>;1~tly, rJc-mcr.lic :bores 
aind decproottid vegetati-011 in residenti.:1, area!; n«iar J130 ~re mo:.t lik,ely to be affected by 
chemtca!' cons1i:u~ntis a!'.$06at~d wilh shallow, aciclie grcundwat~r. The contaminant that is 
mast likely to affect domestic bore u:s0 in the arefl is 11luminiurn. 

This is bc::c.:iuse E=-leveled alumini~1m conc{mtr~tkms (m~m ttmr1 abmit 1 mgtl) can damage 
some ser:sitlve 9ardon plants. Alumir1ium ~oncen!rnlfons of this mar.1nitude comJTt.or,!y c-cqlr in 
,:i,0a!'l ,, ... ~1are t\1e µH cf grcunllwater is ler;~ !h;i11 .ibout i; (C!chesi;.y ei el., 2013}. In situaMns 
whEH"(! shal!ow groundwalP.r is extn:m1el:,• acidic (with a pi-I less than about 3.5}. 'ihe 
c-.r,mcBn!l'Htion of alurninirnn amt soluble salts tn gro11.Jnrlwa:ter cai:> reach levels that Yi'i:11 caus.e 
widespread ,;Jeath □f garden plants thal are irrigatecl with domestic bores 

The ·llilorst case" scenario fDr groi.mdwat-er use frum shallow domestic bores in the area 
would be v1h1:1re groundwaler ls moderately acidrc (i.e. with no ob~H:!r-.aui.e effects on p lant 
healt1,) and h~s arse:iic canceritmlions. i&"t exces~ or ?O jJg/1.., th~ -:;:onr.011t.mticm that Iii~ 
Department ;:if He.a Ith considem will itin1\ thn suihlbiiity of gruuridw.;,i!er for garden r:rrirrafr:m. 
Arsrmic co~ce.nlrntiar1s o! this masinltude wmild only bo d~tecte<l by chEimical analysis of 
gmund•Naler. as them would be no other visible signs ot contarnir,ation. S,Jch ground•.w:iter 
crnHi .ils.t:. r:onlain radium levels In exc.es~ of tric ANZl::CG 2000 guideline values (f e. S 13qlL 
for radktn-126 and 2 l:3qfl for radiutn-228). No informat\011 is AVclil<lbln to indicate wtiatber 
shallow groundwater in the area contain!. t;levated ccncet'lltations of im,enic or radium. 

4. Responses to specific Issues 

On the ba::si:, cf infumiati-On provided in this rRport, the foUowing responses are provided to 
address the main issues associated with groundwater quality issue s near the Rithgro site in 
Jandakot. 

Issue 1: Sorm,e of the ammonium and sulfate Ions detected in bore J130 

The principaf: souroo of the s~Afatc and ammonium iu,,~ in groundwater pumped from bore 
J130 is likely to be from the oxidatron of Stldiments in h ikin Swamp. Sulfate coticantrations in 
this bore will probably k1w:m~~ to a maximum um1centr.alion nf about 200<~00 mgll 
t\mmoniw11 levels are also likely to increas0, possibly ti;J .i mal(imum concentration of abc·ut 1 O 
mgfl as N. Periodic ammonium otoncentration peaks in this bore th.i1 !nave been observed 
since 2006 may be associated with c□ntaminatlM ft0m the Richgro site. 

Issue 2: ··worst case" scenarios for the ;mpacts of contamination on receptors 

Contaminants releas .. d from the oxidation cf se(frnej(S are unlikely to {).JU5e slgnifica.nl 
impacts on the qua Iii~ of groundwater near the base of the Sur-,erricia: aquif.er which is being 
pumped for public water supply. There ta a risk th.a: sha'IIQW groundw.itel in ttie f8SidenUal 
area near bar~ J 130 will contain cc.ncer.trations of a!uminiurn &1 lev~!-s that could ~ffed the 
he□lth af !:lOrne garde,1 plants that aro irrigated using dom~stic bores. The "worst cas~•· 
scenario 1s that s.h.:rllow groundwater beneath the residential area contairis c:onoontrations of 
ars~nic or radi\.ilm at loveis that the Department of Hea!U1 would consic:IP.r to be i,.:rn,i~eptable 
for domestic bare:. to be used. Sampling anci chemic::<111:Lna!ysis cA dome:,fa; bores would be 
required to determine whelher this soenurio is laking place m this @rea. 
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Issue 3: Potential sources of contamination 11t the Richgro premises 

Monitoring data suggesl that the Richgro site is not a major source of offsite groundwater 
contamination. Tt1e most significant source of loc8li:sed groundwater contamination al the site 
is likel~ to ba seepage from a wastewater pond. 

Issue 4: Sources of groundwater contar11ination 

Refer to lhe res.pohse to query- 1 Contaminants may also be locally released into 
groundwater frQm th~ oxidation or sulfide minemls in sandy ~f,diments as the water table falls 
due to declining rainfall in the region 

Issue 5: Impacts of groundwater contaml11ants other thart sulfate Bnd emmoni(fm on 
roc0ptors 

Refer lo tl,e respor)se to query 2. Groundwator monitoring data from both the Richgrc s~e 
and production oo.fl;l J130 are not ad'equate to characterise the risks posed by- shallow aci(.lic 
gmundwater to receptors. The likely ra119e of contaminants present in shallow groundwater in 
the a,ea was estimated by companson with studies at similar sites, both in the Perth ri;gion 
and from other pllrts of the world witt-1 similar sandy aquifers anr.l acidic gl'"O'Undwater 

issue 6: impacts of emissions from the Richgro premi~es on domestic bores 

It is lmlikely that groundwater contaminants fro11 the Richgro site are signilicanlly affecting tnei 
qualii~ of groundwater pumped from domestic bores :n the residential area near production 
bore J130. H is more likely that groundwater qualit~· rn lhe resid-0ntiEJI .irea is being affected by 
contaminants feathed from 8-quiter st!dlm@11ts by the lowerrt\g of the water table. 
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1. Introduction 
This report provides technical advice on the suitability of the current grot1ndwaler monitori11g 
network at the Richgro Garden Products site in Jandakol, and on the risk of seepage from 
wastewater poncis wh1ch may have bases that are constructed below seasonally high 
elevations of the water lable. Specific: advice has been provided on the followln9 ~ueries. 

,. The adequacy of the existing groundwater monilotiri9 network at the comp.,sting premises 
witti res;Ji:irds to bore locaHons and groundwater flow direction and specify if snd where .any 
additionat bores are required to be installed at the premises, 

• How often the pomls are likely to be below groundwater/hydraulically conteined 

• Consequences associated with leachate ponds being located within groundwater on both 
the finer integrity ~11d groundwater quality beneath the site. 

• The likely contamlnan1 flu>< through the liner in a year {diffusion+ leakage)? 

• Consideration on whether lhe potential for leachate ponds to be situated within 
groundwater changes the· findings from the previous Technical Expert report change in 
regards to site rmpacts on groundwater quality. 

• Consideration on how long would il take for a"y contaminants to reach the Water 
Corpo,ation bore north of the premisr:s 

• Consideration an the parameter that can be analysed in groundw.itor samples to 
distinguish between seepage of leachate from site operations and parameters naturally 
occurring· within the grollndwater (i.e. over abstraction impacts on Lukin Swamp). 

• Recommendations for monitoring improvements such as sampling frequency and suite of 
parameters currently monitored. 

• . Recommendations on ambient groundwater action levels fi:-ir groundwater parameters 
given the existing ammonium and sulphate ions present within groundwaler. 

These issue;; ~re addressed within this report 11 is recommended t11a1 this report is read 111 

conjunction with the previous Experl Rep~rl on the Richgro site which was prepared in 
December 20i6 and which provides more background information on the hyi;lrogeology of the 
site. 

2. Groundwater flow direction and bore locations 

Waler table contours fer the vidnily of the Richgro site (Fig.1) were obtained from the F'erth 
Groundwater map which is hosted on the Department of Water web site (at URL 
http://www. water, w-1.Mv ,au/ma ps.-and--dala/maps/perth;:9roundwater-atlas). Th~ water !able 
conlours shown in the 011line map appear to be identical to those in the published hardcop~• 
Perth Groundwater Atlas which IN'ere compiled using May 2003 water levels, Consequently, 
the water table contours shown in Figure 1 mfly not be representative of current groundwater 
flow conditions in the area which are likely to have been affected by a prolonged period of 
below .iverage rainfall and the effects of groundwater abstraction for puhlicw.iter supply since 
May 2003. 
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F1t;ure 1. Water l,1ble contours (e/e,·a/fr)11<; ir: mAf-UJ) in tho vicinity of tilt~ Ri-.:hum si!n trnm the 
Dr!pnrtmr.nr of W<:1far t.niine ?eith Ground11m.!.or 1'-li'ap. GroandNafor flow dimctions at the 
w.a!er table c1re inrficalmJ hy arrows. 

Ho,-\o·ever, assuming ths!-1 ~hsJ 'Nater table conto'i.!ts shown in Figure 1 arn representative of the 
mmant gmunnwaterfJC','"'' regin1e in the area, the Richgro site appears le, be loc~ted on .i local 
grc;,L111dw;;i_tor flow divide where gm1muwt1tGr near the water- ~llble en the western half of the 
site flews in a geneml northqirly direction, whereas s~..;.dnw gmu!ldwaler on the eastern portlon 
of the site flow$ in a north-easterly to south•e~!l>terly direction. This variability in 9ro1Jr,i;iwater 
flow chrections is likely to have a significant effect on the viability of th Et ctinent network or 
groundwater monitoring bores 011 the Richgro site, as there do not appear to be sufficient 
bores pre15~nt on the site to monitor transport pathways from potential source~ of 
contaminaliun at the s;t~ 

tn pmficula1, tnost of the current monitoring bores on the Rici'lgro site appear ta be loc.1ted 
h:~omuJic,-11,, upgradiant of po(entiill sm1rOQ~ o1 contamination at the stte r11cluding wastewater 
storage j)Ot)ds anc the composting pads and would t.J::i uniikn\y t◊ detect cti-,;charges to 
ground.water in some parts cf the site. 

As ~ c;ans-cquence of thi!;, !>ome pot-enti~l additions.-.! .bore :;,il 1:1s rn::l ~ho·sn in f01!jt1rc 2 ',".:r~ict, 
am pro:)ab!y located hydra~tlcally r.!owngradient of :sign·1ficam poterit.iat sources uf 
ccnkiminfllicn 011 tno site Bores cons.tructed ·,iviih a ~c,..eened interval frorn tho w.iter table to 
,1 ciopH1 of "bout 3 metres belnw tho water table would be suilahle for groundwater monlloring 
at these locations. 
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Fiqwe 2. Potenti::i! new momforing bore Joc~tions on thn Ric>rgm site 

3. Seasonal variations in water table elevation 

Hydrographs from Depa1iment of Water moniloring bores rn the vicinity of the- Richgro site 
(Figure 3) indicate that the height of the watertab!e in the area varies seasonally by about 1.0 
to 1.5 metres, although this varies from year to year de~nding on annuat r.ainfalf and on Hie 
distributio11 and magnitude of groundwater abstraction in the area. The highest water table 
elevation usually occur$ in Septembe!'-Oclober each year. whereas ihe wale, table reache~ its 
lowest point in April-May each y.:.ir. 

It ,s understood that measured waler levels measuri;d in bores near the ma1n pond on the 
Richgro site varie<J in depth belweeri 3.5 metres to 4.2 metres below ground between June 
20'16 and January 2017 respectivelJI, Given that these water level meas1,1rements were made 
at times when 1he watertable is not at its lowest an{! highest point, and given th~ seasonal 
r<'lnge of hydro-graphs shown in Figure 3, it is possible that the ~easonal highest waler table 
elevation near the mairi pond on the Richgro si!e is up to 30 cm higher than measured and the 
seasonal lowest water table elevation is up t-0 30 cm lower than measured. This would 
s.uggest that lhe pond liner al the base of this pond is. located below the water table for up to a 
six mon.th period each year and that in September0 October eaoh year the pond base couk! be 
up to 0.8 metres below the waler table. 
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F,g~m:J :,, i i'idrograp);:,; .fmm Dopmtmor;t rJf Wafor mu11iluniitt tww,c; :;flm·.1ing tl;e s&ffliNiu; 

mngo of water l&ble e:for,;,'ltio,-,s c.:n the northern pmt of lhc Jam1akot .M1,)!.1nd. 

4. Potential consequences of pond construction 
below the water table 

The poter..tial com1►eqt<enc.'!>s ot constn1c~i11Q u J:iecle)(lil~-lined pond below the w.0\;)r ,i;ible 
wo..1:0 dBpen::f o, the charac(-eri5tics of u,~ gootox~iic i::ner and or1 li'1e dJferF.nr:r: in the 
hydralJlic head between water in 1he pond and the water table In a sftualion whefe the pond 
has been constructed belov, the water table v.r,thout an active under drain system {a$ appe~rs 
to be the case at the Richgto :;:ite) and the pond is empty, hydro~t;itic vplift of the lit)er wc.uld 
bn l1kE:t;· lo take place whkh w0uld ~,twe Ule potet11;;:t1 tc• r.-r1•,1s'.) damag-e to welded or glved 
se.;;.rr,~ in l~is ~truc\um. Tha rie.k af darflage tr: thP. liner 't.'m,!d be rninimised by maintaining 
wat~r in the pond. bu: expert advtco would t.:e required tom .::i q11alified geotechnical engi,,ee· 
1o indicate the minimum water levE:I that :sh::n~ld be maintained in pends m\ the ~;its IQ prevent 
d:2rriage t(} the 1/!'ierfrom hydmst::itk; iiplift. 

ff the water !eve! in the lihed ;:ionos is lower ttian the Wsl~er table elevation some grnundwi:lter 
ingress lo the pnmis. wm.1I::l take place, although the r.ate of inflow woufd depe"!d o~ the 
characi.er1stics of lhe liner. For example, under contlitim1~ where 1hf! water table is 0.3 metre:;; 
nigher than the water level in tho por,d anti tt:e liner contains 3 small holes per hectare (typic1'11 
for many geotextile liners}. grcundw.iter intlcw rn1o a ;,imd could be up to 1000 ;lirres per 
hr.r.lam of pond area per aa.y (Koerner and Koerner, 2{106). 1 his coutd mcrea:.€ lo up to 
30 000 litres per hecl.ir~ cf pond area per cfay under condilions where the liner is parti~!ly 
dtigraoed and contains 3 la1g1:: hole:;; rcr hectare. 
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5. Estimation of contaminant fluxes through pond 
liners due to seepage and diffusion 

Due to seasonal variations in the elevation of the water t,:1ble al the Richgro site. it i~ likely that 
some water will seep through ihe pond hners in ponds to groundwater during the summer 
m□ri\hs, and that some ingre~.$ of groundwaier will take place at the pon<ls during the late, 
winter and early~sprjng months. This means. that during summer, some con lamination will be 
discharged to groundwater in seepage from th~ pond~. By c:.11ntrasL during p!!!rioc:15 where the 
water 1.-ible is higher than the pond water le11el, some disch.:irge from a pond io groundwater 
will take place by diff!Jsion due lo the concentration gradient that will exist across the 
geot-e1Ctile liner between contaminant concentrations in ttie pond and groundwater (UK 
Envimnment Agency, 2004). Tlie potential rn.a.gnitude of these con-t.;iminant fluxes are 
estimated below: 

5.1 Seepage fluxes due to leakage from a pond 
It wm be as:sumed in the following cal-culi1Uons that the Total Nitrogen concentration in the 
wastewater ponds will be 100 mg/L, a typic:;il concentration fot leachate from compost 
materi~ls (Flury el al., 2015), It will also be assumed that the background Total Nitrogen level 
in shallow grot.indwater in the area is abo1it 2 mg✓L. 

If it is assumed that ihft head of water in a wastew.:iter pond is on average 0.3 metres higiier 
than the water table for a six-month peria<I each year and that the geotextile liner has on 
average three smo:111 holes per hectare ~f ar~a, from Table 1 ln Koerner ;;ind Koerner (2009} 
the seepage llux from a pond can be cielermined to be- 1000 litres per hectare per day. That 
is, the nitrogen input lo grounclwaterfrom a hypothetical one hectare pond on the site would 
be 100 glc.tay Qr about 1 8 kg over a six-rnomh period. If there is no seepage from the pond 
ever the remaining six-month period of the year, the annual seepage flux from the pond w□u1d 
be 1.6 kg/year. 

This nitrogen contaminatii;m in tni; seepag1! from the pond will mix with groundwabn flow over 
a depth inierval of about 3 m~tres near the water table in the Superficial aquifer. The volume 
of groundwaler flowing beneath the pond can be determined using Darcy's Law: 

Where 

Q == K.i.A 

Q = grn1..1ndwater flowrat.e (m"/day) 
K = hydraulic; conductivity of the aquifer (about 10 mid near the water table 

in the 'llicinity {lf the Richgro site 
1 = hydraulic gradient (determine la be about 0.001 trom water table contours 

near the Rictigro site) 
A=< cross sectkma! area of the aquifer (or 3 m >i 10G m -. 33 m., for the 

hypolhelic.al pon.d) 

Using these figures., the volume of groundwater flowing beneath Lhe hypothetical pond is 
determined to b-e 0 33 nliday or 330 litres per day. The flux of nitrogen. conttibuted by 
groundwater flow beneath the hypolheti~al pcmd would therefore be 0. 7 gfday or about 0.25 
kg/year over a p,eriod or a year. T"hEI mass,flux of nilrogen co·ntributed by gmundwater is 
therefore O. 25 kg/year, 
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Tt:e ce1nr.cr,tratJc11; ::if nitr,i::,Jen in sha1•c:w groundwater beneaih the por.d ~ri then be 
1lritt1nrnned U!>il'l'i,1 a simµtn rnixir,g motiel: 

'Nhere 

( \ - .L + 

{from A~pendi)( 5.5 in Danish EPA, 2002) 

J~ :a mas:. flui.:: $eeping t':om the pond (gi''jT:t?i':} 
Jil = mass flux contributed by gr,mndwater (gtyear) 
ci0 cc,. volume of wat@r input by soopage (UyeJlr} 
Q\l- = volume of water input by gtoundwat~r {Liyi=:ar) 

Using the mass flux and discharge rate esttmates df;lt~nrnne.d above, the com:1mtration of 
nitrogen in shallow groundwat.er that has bee11 .i.ffecie<I by se,epaqe thrcugll iicfec.ts in Hie 
pil-nd liner is estimated to be about 4 r:r1gil. I• S·t.1ep/:1ige were ,o !Elke p[a,:e thr.::Kil,ih :Jefc;c;i, in 
tf,o pond liner throughout the year rattier tt:an fur a r.l>-.-month period, ~hil co.-;c,er,tration of 
nitrn~1en In shall~w groundwate;· beneath the I;.ond 't)ould be about 7 mgll. 

5.2 Seepage fluxes due to diffusion through a pond liner 
rn si!uatfons where thi; both bm;e of a lined pond and the water lever in the pot1d tire !.it1:intl'ld 
below ttie watl!r ta:b\e, groundwater ir\!)rllss to the porid will lake place. Under these 
drcwm,l,mce.s;, contaminants will net be lost from a pond by advection through defects in the 
pond tiner, but diffusion of contarninants from lhe pond into gromdwater could take place if 
tl1::ro is a IMge oonoontra~ion gratlier1t .. itross the pond line, (UK Envimnm~nt /1,gency, 2C8"I). 

The diffusive flux of nitrogen through the liner at the base of a hypofhelicat 1 l'lectare pond 
w as calculated using the spreadsheet diffusion modef devi::loped by 11,e Ut< Environment 
Agency (model and oxplanatory notes are availabte from w&b site­
https://www.gov.uk/govemcnenVpyblications/cootaminan1-fll#ff-from-hydraLdic-c0ntajnment­
jandfills-a-reyjew). The model was run with the assumptions that the conoentrat ion of nitrogen 
in water in the ~ond was 100 rng,'L, tt,at th~ line, hold 3 smalf holes per ttect.,rc of liner area, 
and :hat the water level in the pond was below the watet table elev::ition fo1 ,:l period of si;i< 
months each year. Under these conditions, the diffusive flux of riitroger? from the pond was 
cak:uh1teci to be about 4 g/year. 

This mas:;; flu)( ,s migligible in compari-son to ~he advective flL)X of n1lrogen previously 
calculated (aoout 1.8 kglvear) Ti10rnfore il is unlikely th.i! d'ffusion of co.htamtnant$ thrcu,;ih 
the pcmcf lrnenv1Juld be- a signifit:~nl scurcc of groundw.ater contamin~tio'1 at the Richgro site, 
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6. Comparison of estimated leakage rates of 
nitrogen from ponds with existing nitrogen levels 
in groundwater 

Groundwater monitoring near a. water supply produchorr bore downgraciient of the Richgro sile 
has stiown a pr<;igre.s.sive increase in nitrogen concentrations to the current level of about 2-3 
mg/L. As indicated in the previous technical report on the Richgro site, thi~ trend is unlikely to 
be due to groundwater ctlntamination from tile Richgro site for the following reasons: 

Firslly, nitrogen concentrations in groundwater near the production bore down gradient of the 
Richgro site have slowly increased over .;i twenly year period. a trend that rs not consistent 
wilh the p:::ittem of concenlralion increases that woiJld be ex peeled with leakage from a nearby 
leaking pond where mucn more rapid concentration increases would be expected. Secot1dly, 
the nJtrOb!en concentratio!'l increases obse1Ved in groundwater near lhe prodvctit1n bore were 
c:Josely associated with ooncentralion increases or sulfate to levels that ate inconsistent v-.~th 
compost leachate bei'ng the source of cnl'11amination. 

Finally, an al/ises:sment of the fate and lrarisport of nitrogen in groundwater using a 
spreadsheet-based calculation of the Domenico ana1ytrcal solution (Penn$yll1ania DEP, 2014) 
indicated that nitrogen concentrations iri groundwater flowing rrom the Richgro site would 
probably be reduced from 4 mg/L to below 1 mgll w'ifhin a distance of 100 rnetres from the 
contamination source by the effocts of ~enitrific.ation and hydrody11amic dispersion within Ihe 
Superf,cia! aquifer. 

7. Rate of contaminant transport in groundwater 

As indi.cated in Section 2, groundwater flow directions on the Rictigrci site are highly variable. 
CorisequenUy, ~rbundwater only flows in a north•e~sl-erly direction towards the produciion 
bore from part of the site. However, if it is assumed that cont:::irninants from lhe Richgro site 
are tran!'.ported in groundwater towaids the production bore, the rate of transport can be 
estimated using the ft>llowin9 equation that can be derived from Darcy's Law: 

Where 

V,:; Kil 0 

K = hydraulic conductivity (m/day- about 10-20 mid in the area) 
i "'hydraulic gradient (mlm - about 0.001 near the Richgro site) 
O = aqvifer porosiiy (about 0.3 in a sandy aquifer 

Using these figures, the groundwater flow rate at the water table near the Richgro site is likely 
lo be abovt 12 - 24 m/year. Thal is, ii 11,•ou!d take groundwater i;ibout 12 to 24 years to travel 
a dis1.ar1ce of about 300 metres to the pmdt.1ction bore If the hydraulic gr<1dlent were to remain 
consta.nt ov~r th!;! tr,;ivet distance. ln practice, however, the hydraulic gradient wm steepen 
greatly within the cane of depression ~f the production b-Ore so that the minimum travel lime 
for grout'!.dwater to the production bore could ptobaoly be reduced to about 10 years. 

It shouh;f be notei:I, howevet, that these travel ti111es are for groundwater. The rate of transport 
of some coritamimints in groundwater will be much slower due to the effects of sorption of 
some chemical constituenls on miner;:ils in the i:iquifet matrix {a phenomenon known as 
"retardat,on"), 
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8. Distinguishing between potential sources of 
contamination 

Thai·ti rne .:i n.,,nhirr o~ possil'.lte sources uf nitrogen contamination in grm.m::l•Nat~,· in !he .:ice~ 
th~t h.ive tne potential to affect the qm:iHy r/ watar pumped from water supply production 
bores i,, tlie .irea. Thce!l'>e i:nciuoe.: 

• 1-'e~ilh,er •.1s~ Gtl s:ardems iit1d public :>pen spar.e in the area; 
• L;•;est-::.ick gn3zing In si:c1m1-rurl!I ~rnpe,-ues (i10bby :<:.1r.,r,m) in !lie ;:irea; 
• The ti~ld~tion (,f orga,'11ic 1natter in k,e sci! prc-fle• m1r.i in iv('tio1nds associatf3d with 

f',;)g:onal de::lines in lhe elevaficn of the waier table: and 
• lndustr iai source~; of contamination through actlvill-es such as compositmg, 

In the viuiriity of the Richgro site. the mos! likeiy sources ~f nitrogen contam:r:al\on in 
groum:lwi:ito, are likely to be the axidatior1 of organic matter in :wi:e and l'P.nchate frt;:1111 

coinpo::;ting ns th,are is cnly a limited amount of resicien~ial ,md cc1g1,c:,.i.tur.i1 lcJ;nd use near the 
site. Pctenti;:il ways ct' using g,oJtldwater monitoring data to dislinguii;h between these 
sources of corhunination include: 

W Use of ~ulf-1telchloride ratios in groundwater 

Sediments belaw th11 water tab:e in the Sliperfici.aii aq1,11f.er ar;d in w~trc1nds ucritai,·, mil'.:toscopic 
crystals ard frambtiids of the mineral pyrite ~.'n1ch is Ol6dised. when the water table is lowereti. 
causing: inc.reases in thf: sdfo~p. c-oncontration in t1ro!.l:ndwater. Nitrogen compounds are 
r<:!leasc::I into a,oun,~wauir rrom th~ t:~:idnticm of org,mic msltt,r during Ibis .process 'Ih<! 
sulfateic::11o;ide 1Y.1ass ratio in groLTll;JWater is als{l increased frnm lts r.;;tuml lcv-nl of ~bout c_ 15 
;n shalbw groundw2;tr.r on the Ja_ndakot Mound. ta a mas_.;. ratio that otto,': exceG!is a v.:!tue of 
O!·i rrr grounrYNatcr that \K-!.S been fr,fluer:ced by :oyrite ox:idation. 

By CQOtrast, leachate '.rom a compnc1ting ~c::iliW shollld not significantly ch.inge the 
sulfateid1lori-d'e mas s ratio 1n shallow groundwater. 

(U) Usa Qf m~a-surements of bfcarbonata com::errtrations in groundt.valer 

The oxidation of pyrite caus.ed by 1he lowering of the water table releases sulfuric acid which 
reacts with bicarbonate ions tn groundwater and ca•Jses a depl~tion in the alkalinity of 
groundwater. As a consequence of this, groundwater t"1at has b.een affected I::,~· pyrite 
oxidation often has bicarbonatf;l ion c□ncentraiions of less than 50 mg!L. 

By cont:·ast, b::c.:arbunu•c h, typ,cally producun by bactl:lria fror;-1 organic malter during the 
composting ;11-ocess As a consequer,ic.:e c::f tnir., grountiwater that l,as been cohtarninated by 
compos! :t}achate, m:.iy hav~ bi<::arbonate [;Orcet1trations 1hat e>:ceed 500 m~/1, 

(fij) U~e of nitmgen isotope m~surements 

Nitrogen [;Qmpnunds. in g1ou1nJw,;1ter that h::ivt1 br,,en derived from compost leachate are likeiy 
to hct·.<e- a very d)lferent isotopic ~tgnature to those produced frcm tnc oxirl.=ition of orna:,ic 
molter due to decli,.cs in the elevation of the watert□ble. It rs lil<0ly that rneasuremenls of 
nitrcocri isotopes would enablfl the$e potential solirces of nitrogen to be distingvislied from 
each other. 

■ 
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9. Groundwater monitoring to detect compost 
leachate discharges 

Groundwater monitoring programs shoufd en.ible ch,,mges in groundwater qlial.ity tn be 
detected that are an early warning of a conl~m1nation problem as well as exceedances of 
concenttatrons of chemical parameters that might indicate an imminent threat of 
envfronmontal impacls. Cotisequenlly. it is often us-efui to include para.meters in a 
groundwater monitoring suite that are not by th.emselves environmentally harmful but which 
indicate fhat environmentally harmful cllangei;; in groL1ndwaler qual!ly are likely to be nc;:curring 
as e result of groundwater contamination. 

On the ba1iis of this reasoning, the following suite of chemicaf p.iramelers could be considered 
for groundwater monitoring al the Rrchgro site which has been adapted from !he UK 
Environment Agency landfill monitoring guidelinl:!s (UK E;,nvironment Agency, 2014): 

Field measurements: Temp1;iralure, Electric.al Cot1ducti11ity, pH, Recfo_)( potential 

Laboratory measurements: Tot.::il Dissolved Solids, Total Nitrogen, Ammoni~cal nitrogen. 
Nitrate+ Nitrite (as nitrogen), Total Organ]c Carbon. 81ological OKygen Demand, Chemicat 
Oxygen Demand, Calcium, Magn~sium, Sodium. Potassium, Bicarbonate -t· C1;1rbonate, 
Sulfate, Chloride, Iron, Manganese. 

In addition to the suite of chemical parameters outlined al.}ove, the proponents may wii,h to 
include arsenic in the grnundwater monitoring wlte as arsenic is commonly released from iron 
oxide coatings on minerals in aquifer sediments clue to chemice1t reactions with leachate that 
contains a hi{lh biologics! oxyg~n demand. Given the proximity of a water supply pmduc1fon 
bore, monitoring ,□f groundwater quality on a six-monthly basis would a suitable monrtorir,g 
frequency to manage the risks of groundwater containination at the sill;' 

As the most sensitive beneficial use for gra1,mdwaler <lowngradient -of the R1chgro site is for 
public water ~1,1pply, it is important that the concentration of ammonium in groundwater from 
the site does not exceed the national drinking water criterion of 0.5 mg/L on arrival at the 
nearest water supply productior. bore which is localed 1'!bout 300 m from the site btturidary. 
Preliminary modelling using the spreadsheet-based Quick-Domenico fate and transport model 
(Pennsylvania DEP, 2014) suggest$ maintaining 9,aundwaler concentrations of ammonium 
below 5 mg/Lin groundwater .at the Richgro site should ensure that concentrations of this 
chemical constituent do not exc1;1ed 0.5 mg/Lin the downgra.dient p1,1blic water supply bore 
(assuming th.al the Rich9ro site is the only source of 9roundwater contamination} 

10. Responses to specific issues 

On the basis .of informatitin provided in tills report, the following responses are provicled to 
address the additional iss,ies associated Wblh groundwater quality is!:lues near the Richgro 
site: 
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Issue 1: Adequa,;:y of the exjsting gro,mdwater monitodr1g ntJiwork 

The existing monitortng bore network 011 the site c:loes nol adequately consider the; 'Jtuiardity 
cf grot,~dwater flow directions or potel"ltial sources of contamination on the site, 
Cor11;.~41.J!'mtl;r, grmmdwater monitoring bOfes are often :located hydraulically upgradienl of 
p□knti;1: sources of contamination. These issu0s are discussed in more rl~tail in Section 2 of 
this report 

Jssue l; Hydraulic co11laimneni of pond5 

T~e bottom liner in some ponds on the site could be located below thE> wak•r table for a period 
of up to six months each yoar Thls issue is discussed in nic:rc- detail i.n -Section 3 of 1his 
report. 

Issue 3: Consequence of leachate ponds being located within g,-oundwater 
There i~ a risk that hydmulic uplift COlild cause damage to the finer if tt,e water level in the 
pond ,.,rer(l to bo ma:ntairieti bi::law the water table elevation for prolonged peri□ds Further 
advice \\'OUfd be required from a ~uitebl~ qtialiffed gectechnical engineer to rmmage this risk. 
This issue in disC1-1s-sed in more detail in Sedion 4 ,::,f this ri.!pon. 

ls.sue 4: Contaminant flux through the /irfer 

l'h~ annual mass flux of nitrogen from ponds on ihe site is estitnate::J to he abou11.8 i~fl per 
hectare of pond area l'ho annllal diffusive flux of n·ilrcgen thro"9h pond liners it; e:.tim~h,J tu 
be ab9\,lt -4 g per hectare of pend ~.ea and is therefnre negligible by cornr.,flr1iiao to the 
advective flux through the pond liners Thiti. issue is discussed in more dct.in in Section 5 of 
1his report 

Issue 5: Considerations of advice in the- previous Teclmicitl Bxperl Reparl 

Advico ,x.Jvitfed ir; u~i5 repart daes not ~ignlftcaciUy change the con.c!usion drawn in a pre1,1ious 
report that the oxid:alicn nt sul!idt,:: organic matter due to water table decline is likely· to be the 
principal source of ammonium and sulfate recorded an groundwater at the water supply bore 
lo~ated near the Ric:hgro !i>ite. However. the orgatdc ,MUer ww: ~11lkln mlr,-sra1s are likely to 
lJe much more wkiely d:stributea in aquifer :,ediment~ in the area ihan Lukin Swamp. ThiR 
i;;,s.Lm is ch::,:cussed in more deteil in Section 6 of this report. 

lsst1e 6: Eslimatad time tor contaminants to r-aach ne.irest production bore 

It is estimated that groundwater would take t:e~wr:-en 1 O :sine 24 yi:~r:,; lo travel from the 
Rfc::r:g,'o 1;ite to the nearest public water suppl)• ,oroducUon bot-e, The rate cf transport of some 
c0nk@l:1,:m15 in groundwater wouid be lower than tMi~ dur. to tho effects of retan.l~:ion in the 
Supe1i1cial aquifer This isstJe is di5,;L.Jssed in mri:-.1 rictail ;n Section 7 of this report 

lss11e 1: Groundwater par~meters to distinguish betwoon se-epage of leachate and 
naturally or;:curring issues 

P()tential chem,car piF,,m1t:llets thal could be \..l!:>ed to distinguiiih be~ween source:i of nitrogen 
contamination itl gi'o: .. mowate• near tho R:c?igro s:te are the ,.Jsed of the ~HJlfatelchloride mass 
ratio, :he use of \'.lis:a.roorate ion concer,:raticn r.0,Eil$(1m~ents and the us1:, (Jf ni~:·a,gan isot□p~ 
measurema11t~ Ti,fs issue is discussed io mo:e !let;:.n in SecNotl 8 of this ,ep-0rt. 

■ 
Richgro Garden Products site, Jandakot - groundwater monitonrig and pond $8epage risk ■ 

159 



Department of Environment Regulatic:m 

lss11e B: Recommend;.rtiw1~ for monitoring improvemer,ts 

A suitable groundwater monitoring sui1e for lhe site is provided in Section 9 of this report. 
Momtming on a six-inonlhly basis should be aoec;i1Jate fo( managing lhe potential imp.ictcs of 
groundwater contc1m1natio11 an the downgradient water supply production bore. 

ls.sue 9: Rec.ommend.atiom, on ambient groundwater action levels 

Maintainmg ammonium co1icenlrations below 5 mg/Lin groundwater at the Richgrn site 
shourd ensure tt1at concentrations of this chemical constituent do not exceed 0.5 mg/Lin the 
oowngradtent public waler supply bore (assuming that the Richgro site is the onlv source of 
groundwater contamini;ition). This is discussed in more detoii1 in Section 9 of this r-eport, 
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11. Limitations 
1. The lrtformaticn pro·,;ided is assurned to be correct, and it is assumed that 

groundwate~ samples from the site have been sampled amf ~malysea in an 
appropriate• manner. 
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Appendix 6: City of Cockburn dust sampling results 

SUMMARY REPORT ON THE ANALYSIS OF SAMPLES RECEIVED CM 12TH APRIL AND 4m t-.MV 2017 

INTRODUCTION 

One (1) swab sample was received on 12"' April 2017 from the City of Cockburn. A further four 
(4) swabs and one (1} soif sample were received on 4th May 2017 for various analysis as outlined 
below. 

SAMPLE IDENTIFICATION 

Ch~mCentre 
Sample Ma rks Analysis Required 

Dat& 
No Received 

1652406/001 Battersea Rd Canningvalt? Metals, elemental & particle size 12/04/2017 

1652628/001 Merrit l oop #4 Metals, elemental & particle size 4/05/2017 
1652628/002 Merrit Loop #3 Metals, elemental & particle size 4/05/2017 
16S2628/003 Merrit loop #5 Metals, e,lemental & particle size 4/05/2017 
16$2628/004 fra~r Rd #2 Metals, elemental & particle s.ize ~/05/2017 
16S2628/005 From roof gutter Merrit Loop Metals, e le-rnental, particle size & TOC 4/05/2017 

METHOD 

Mat:erial Amtlyte Cod4'! ~h0dName 

Swab+ soil Metals screen 
iMET1SBICP - Metals in ~wabs by Nitric/Hydrochloric 
digestion and ICPAES. 

Swab + soil Elem..,nta l com position 
SfM·EDS- Scanning Electron Mk roscopy Energy 
Dispersive Spectroscopy 

Swab+ soil Particle size 
SEM-EDS - Scanning f leet rorr Microscopy Energy 
Dispersive Spectroscopy 
(combs} - Total carbon. total organic carbon (ac:icl 

Soil Total organic carbon {TOC) pretreatment), total inorganic carbon (calculat ion) and 
Sulfur in soils bv combustion, in-house method 557, 
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RESULT OF P.NALYSIS 

The results of analysi!. are given on the following page{$). 

7hese results apply only to the sampfe(s) as received. Results may not be reproduced except ir, 
/llll. 

U11Jess requested oihe1wise, sample(s} will be disposed of after 30 doys of the isst1e of this 
report. 

Chemist 
Scienti fic: Servkes Division 
2Jtl' .June 2017 

1652406 & 16S2628~ Results of Metals Analysis µg/crn2 unless specified otherwfse 

Compound Name 
1652406 1652628 15S2628 16S2628 16S2628 

/001 / 001 /002. /003 /004 
Arsenic <0.2.0 <0.20 <0.20 <0.2.0 <0.20 

Barium <0.020 <0.020 <:0.020 0.02:8 0.094 

c!Oi Oll <l .0 <1.0 <1.0 <1.0 <1.0 

Cadmium <0.010 <0.010 <0.01.0 <0.010 <0.010 
Chromium <0.020 <0.010 <0.0.W <0.020 0.041 

Ccbalt <0.02.0 <0.020 <0.020 <0.0.20 <0.020 
Copper 0.033 0.023 0.034 0.049 0.11 

l ead <0.10 <0.10 <0.10 <0.10 <-0.10 

M~ni;ianese <0.020 <0.020 <0.020 0.035 0.2 
Molybdenum <0.10 <0.10 <0.10 <0.10 <0.10 

Nickel <0.10 <0.10 <0.10 <0,10 <0.10 
Selenium <0.20 <0.20 <0.20 <0 . .2.0 <0.20 

Vanadium <0.040 <0.040 <0.040 <0.040 0.041 

:Zlm 1.9 1.5 1.5 1.4 2.5 
1 Resuits in mg/kg 

16S2406 & 1652628: Results of Total Organic carbon in PercentagE- (%) 

Compound Name 

Total Orgai, iC Carbon 

1652628 
/ 005 
1.71 

16S2406 & 1652628: Resu[ts of Particle Size Analysis in micrometres (µml 

Compound Name 
1652405 16S2628 16S2628 1 1652628 1652628 

/001 /001 /002 /003 / 004 
Part icle ~i2€- range 1 - 650 5 - 300 2 · 70 1 -110 5- 220 

16S26Z8 
/ 0051 

1.0 
15 
6.0 

<0.05 
10 
54 
15 
c· Q 
'.), ~ 

24 
<0.5 
9.0 

<2.0 

5.7 
160 

1652628 
/ODS. 

1- 650 

163 



1652628 
World wide Ecolo&ical Health 

Compound Name / ODS Crust al Investigat ion Investigation 
abundance2 l evels:1 Levels4 

mg/Kg mg/Kg mg/Kg mg/Kg 

Arsenic 1.0 1.8 20 100 

Barium ! :; 390 400 5370 

Boron 6.0 9 N/A N/A 

Cadmium <0.05 0.16 3 20 

Chromium 10 122 50 210 

Cobalt 54 2.9 50* 100 

Copper 1 '!" - -~' 68 60 '.l.000 

Lead 5.9 13 300 300 

M anganese 24 1060 500 1500 

Molybdenum <0.5 1~2 40 390 

Nickel 9.0 99 60 600 

Selenium <2.0 0.05 N/A N/A 
Vanadium 5.7 136 50 550 

Zinc 160 7f, 200 7000 

Total Organic Carbon 1.71.% 1 to 296 Perth N/A N/A 
" t he- re~ult for cobalt (54mg/Kg) eltceeds ecofog1cal mve!>tigat1or. gtiklelme levels but rem@ir1s mid~r t he heall:h 
irwestigation gui;:!e1;one levels. 
N./A - .not applicable or no guideline published 

Eiementlll analysis by SEM-EDS 
The majority of the particles in samples 1652406/ 001, 1652628/003, 1652628/004 and 
1652628/005 contained silicon and oxygen with associated minor e lements, t hese particles 
would be consiste nt wit h sand. The remaining samples all contained minor o r t race amounts of 
t he same type of material the part icles ranged in size from 5-300µ.m. 

The majority of t he particles in samples 165.2628/001 and 16S2628/002 contained carbon with 
associated minor e lements, these particles would be consistent with o rganic sub.sta nces. The 
remaining samples all contained minor o r trace amounts of t he same type of material the 
particles ranged in size from 5-500~1m. 

2 Worldwide cnJstai abfJnd,;n::e- th:<! average amount of each of the efernents in the, earth's crust 
ll OoE (2003) Ecological lr:vestigation l f'V;;>l 

• 0<.:1E (2003) Health Investigation Level 'A' (Standard R.esidei1tial) 
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1. Introduction 
This report provides teclm1cal advice on potential Oclcurs emissions anct imµ:acts 
related to the Richgro G;nden Products (RiCh!Jro) pr~mises located at 203 Acourt 
Road 1n Jandakot. 

Specifir. advice has been provided on the tollow1ng Quenes: 

• Anaerobic Digestion (AO) R2t~Jiyal Hall: 

" Consideration lX\ w11ett11,.,r th~ doom are suiflcieni lo pre1Jeni gusts of wmd 
trom entering the receiva1 hall afld rnleasing OdfJur: 

:i Consideratu>n if this budding ts a significant source of odour; and 

:: The adequacy or the a ir extraciiOfl system and negawe pressure within 
this building. 

" AO Biofilter: 

Consideration of the biofitter being fit. for purpose~ 

Ad,~quacy ol 'ihe IJiofilter in treating all w~sie typ{~'.\ rt•c~i,fl-,!CI; and 

Coosid<~r;,ibon ;r the hicJfilter if« ~Jllifltant ixlour soorr.e _ 

• Co11sifJ1:ir::ition 01 wti::i!h~r th~~ AD tanks are signiflomt soun:es of O<lour 

.. Ftesidence ,mw. within AD 1:Jtlk~ ~.2fHJ a~.r,oci:Jtf!U impacts to dtw:,'>iale odollL 

• Le:~cil2lte Ponfli_;: 

C1>115id;:.,r:Jtioo of th;:) l:,i~1:hate ponds ~s a s~nri'icanl odour li<rurcP.: ,J1 ll1 

:i .l\dequary of the poo1t aer.1toffi t1y Ol1i)Ur man:1gemer1t: and 

~ Conskteratioo or any additional measures that could reduce (ltllour wtttun 
the ponds 

" AO plant digestate : 

n Coosielerabon oo the signiiicance of odour from lhe 3pp1ication of 
digestate; aM 

Consideration of the coodruons when d1~estate c01Jld be applied 

" Coosideratioo of o ftsite odour 1!)tJf0:1S 

2. Documentation 
AOS has reviewe<l the fol!Ow documents: 

Table 2.1 Documentation 
' 

DoclMllent A~ Date of Otitect1ve 
~efewnce 

File Note - RepQmng Richgro site visit 6 Febmary 2017 Philippe 
Najean -
AQS 

Extract of the 4lll Ed Es~ tials of Chemical Reaclloo H. Scott 
Engineering Fogler& M. 

RJcnoro Garden Products - Odour emissions 

document 
1m212011 

2008 

Unl(no'Ml 

NIA 
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him:Jiwww um,ch.edu/'-4!,f sen/lltm llb~(!li'ehamerl 3.~ Nihat 
Gurmen 

L7308 Ric.l"lgro Dfati Inspection Report Hayden November A1167935 
Nebef 2016 

3. Background 
TtJe current licence granted under Pa rt v . Divisioo 3 of lhe Environmental Protection 
Act 1986 is valid until 22 October 2025. 

Smee June 2016, DER has received a .si{>11ifi.c;;11, t lrn::r-e;;ise in odour complaints with 
\hf: R1-::hgm premis€·s as 1he al~ e-:il ;:i&.;,ur s:i~rce. A pre vious deSktop study 
undertaken by DER Officers re9araing these odour complaints has showed lhat 
complaints coutd reasonably be attributed to the R1ctigro premises. 

Richgro operates an anaerobic digester (AD) plant which m'iolves the accepl.ance of 
liQUi<:l ano solid wastes into the AD tanks, generattflQ biogas for electrical power 
generation 31\d producing a liquid digestate Richgro also composts green waste, pine 
bam. and sawdust in uncovered wmdrows located in an open area. 

Digestate from lhe AD plant is applied to the pine bark and green waste windrows 
(1 30m

3
tday) without C\Jrrent authorisation under the licence. Officers within A ir Quality 

Ser.11ces (AOS) attended the Richgro premises on 6 Februal"'/ 2017 to obtain a better 
understanding of the process and operations at the facility in ~ards to odour 
miligation and management 

During the February site visit, AQS officers witnessed that Pine ba.r~ received water 
and not digestate and they were advised by the site manager that only green waste 
windrows are mixed with digestate. 

DER considers that the I.Ike!::; w urces of odour onsite are: 

" AD plant including rece1val hall and biofilter 

" Leac.tiate ponds: 

• Outdoor compost windrows: 

W i1h other potential odour soun:es identified in the )licinit1 of the premises being: 

• lrr1gation of groundwater: anc, 

• The Lukin Swamp Jocateo M jacent to the Richgro premises bound3r; 

4. Provision of advice 
Advice provided in this report 1s based on: 

, site visil undertaken on 6 February 2017: 

;,. Richgro process review dated 2013 {works approvai application}: 

, discussions with IR and Compliance & Enforcement (C&E) officers; 

, review of cornpl:1ints on ICMS between December 2013 and March 2017: 

, AOS officer odour patrol fmd ings around the Richgro premises in 2013 and at 
the end of 2016: and 
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, AQS odour specialist experience w11h AD, compost processes anti odour 
man.,igmnenl 

4.1. AO plant 
The AD plant comprises three major sect ions. namely lhe Receival Hall. the biofiller 
and the AD tanks. Queries considered in this advice are addressed below. 

4.1.1. AO receival hall 

The large door used by trucks to enter 1he AD hall is automatic and closes a:; soon as 
a truck has moved in or out There will be situations When wind enters the hall. creates 
an over-pressured environment and pushes odorous air out However, due to the 
automatic door aod the limrted level of odour (as observed <M ing ttte visrt) in the 
building, which rt, also diluted when fresh air enters, possible odour impacts at 
sensitive receptors would be highly intermittent, very short in duration and wuh very 
low odour intensity. 

On the day of the AOS visit, Richgro received dehydrated milk waste during the early 
momfng, which created a characteristic odour in Ille hall although it was not strong in 
intensity_ The volumes of waste present in the hall were not t;:irge, other lt131'1 pallets ol 
sodas tha.t were waiting to be processed. It appears that the receival areas ha11e 
limited capacity Vegetables and fruits, which represent lhe majority of the solid waste, 
arrive fresh daily. When consfdenng ttie limited 11olume of the rece1vat areas and the 
11olume of the mir.ing ta.nk. the holding time of the solid waste is likely to be sufficiently 
restricted to avoid ::my putrefaction of the waste anc.t associated odours when added 
into the in1xmg tank. However, a detailed inventoJY of the waste will PWVK'le more 
certainty oo the i::lmount of highly ooorous waste 

Liquid wastes have the potentiat to be more odorous, however all liQuids are directly 
mixed in the mi)(iflg tank. upon arrival. It was also noted that the mixing tank. located in 
the hall. is covered with a tarpaulin wflich also limits tile level of odours emitte·cl in the 
h~II. The ooorous headspace underneath the tafJ)2t1lin is extracled and tmatoo by tne 
bKlfittec 

The duct collectmg the air in the hall follows the perimeter wan on three sides of the 
building. The negative pressure was ot>served when entering the bU1lding. There ts no 
collection duct abo11e the main door that would norma!ty be used to collect some of the 
air escaping the building when the <Soor is open. It is. nonetheless. not expected to 
alter the risk of emissions ana impacts off-site as previously explained. 

The site manager inchcatecl 011 the day ol the visit that the Air Exchange Rate (AER) in 
the hall (when closed) was 4h·' vlhich is a typicat rate for this size oi ventilate(! 
volume. 

4.1.2. AO biofilter 

The biofilter is made of two (2) cells with a surface area (A) of 20Dm~ each. Writ! an 
AER of 4h-~ and on avernge volum}) of 12,000m3 for the receivat halL me volumetric 
flow rate (OJ el\Uaded from the building and directed to the biofitter is estimated lo be 
:-:irrnost 50,000 m3lh 

This means i hat the specific toad is a / A = 37.5 m3/h/m2 wtl ii:h is wilhin the 
r~cornmended spi:-ci1ic:i i1ons The usual specification in a biofilter design WOtilel 
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recommend a specific load approximatet1 100 m3/h/m2 or lower. 

The Empty Bed Con1act Time {EBCT) 1s used to provide an estimate of the velocity of 
tne air through the depth of the biofllter. In this case the EBCT is eQual to 144 
seconds. The recommended specification is generally around 30 to 60 seconds. This 
means that the volumetnc air flow rate is suitably low compared to the surface area of 
the biofirter in order to provide e-nough cootact time for the odorous air lo be degraded 
by baclena present in the media . 

The l>iofilter is within a shed with walls and roof made of tarpaulin that limits variations 
in the operational conditions_ It will especially avoid any Clownwash of the 
microorganisms in the media dunng heavy rains. 

On the day of the visit, it was possible to enter the bt0filter shed. The odour revel wa$ 
tow in the confined space above the media. This odour was weak with a >Jery mlld 
odour character that is unlikely to be recognised off-site. This odour is different to 
those experienced by the AOS odour specialist during several odour patrols 
performed in the vicinify of the facifrty under valiOus meteorological comlitions m 2013 
and 2016. The biofilter therefore appears lo wom efficiently to degrade the odorous air 
sent from the AD hall and from the heactspace of the mixing and dosing tanl\s. 

A detailed inventory of these wastes is required to answer the question about the 
capability of the bf0f1ner to handle the possible additional waste types. However. the 
current throughl)tlt of Ule AD plant, the enclosed conditiOns of oiofilter operations, the 
current low specific toad anct high ECBT should allow the biofflter to cope with a 
limited increase in odour load due tto the additional waste stream in the AD process. 

4.1.3. AD tanks 

The mixing tank (inside the hall) and dosing tank {outside the hall) are the two tanks 
where odorous air headspace 1s collected and sent to the biof1lter. The ouUet tank 
headspace is connected back to Digester Number 2, as the headspace would contain 
small amounts of melhane. This would ultimately end up at the generator AD tanks do 
not have any vents on their roofs. 

In summa~. AD tanks are not a source of odour as their headspace is either directed 
to the biofiller (mixiog lank) or to the generator (digester and outlet tanks> 

4.1.4. AO residence time 

Digestion is driven t>y chemical and 1>iolog1cal reactions that have their own k inetics. 
The site manager claimed that Ulere is an average residence t ime of 30 days between 
the mixing lank and the outlet lanli:. From eKperience, this appears to be plausible_ 

The idea behind evaluating the mean residence time is that individual molecules 
spend different amounts of time in the system (here the AD lank train), wilt1 some 
molecules having a short residence time and others taking much longer to traverse the 
system, 

II is impossible to assess the residence time for the AD plant tanks from a simple 
calculation and with the limited a.iailable mfom1ation lt is generally achieved by the 
injection of a tracer under specific conditions 10 determine the Residence-Time 
Distribution {RTD) function. In this case it is expected that the train of tanks. is 
considered as a train of cootinuous flow stirred-tank reactors (CSTR} in which rase 
some specific distributions may apply. 
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Consequently, 111s expected that the average oompositJon and odour potenfial of the 
digeslate 1s constant O'l:'!f time. assuming: 

;, the resld?.J1ce i.ime oi ;;1bou1 30 ~ys indicated by ih-e plant manager is correc.t; 
and 

" the J)feYious discussion about the steady types and volumes of waste achlect 
into the AD plant process over time. 

4.2. Le:tchate ponds 
On the day of the AOS Yisit, rt was notea that the main poM was Med with eight (8) 
surface aerators. The water agrtatte<l above the aerator all)peared io he muddy. 
Although DER officers were intermrtten'lly downwind of I.tie pood wheu the wind was 
shitting, i1 was not possible to confitm the pre-sence of odour. 

Ponds 1 and 2 are fitted with solid traps at their entrance which prevent large volumes 
of solJ:ds entering the pond. These ponds are also fitted with aerc1tio11 systems and no 
specific odours could be recognised downwind of ponds. 

Aeration is a recommended operatioo to be implemented on such ~Klf1ds to illCrease 
the 1e11el of oxygen and limit the- reduction of chemical c<>mpounds that may then 
become odOl'OUS. 

In addibon. downwind ottactive inspection of a large pile of pine bal1( sprayed with 
water 'from m~ pond sr-,"iem did not reveal any specific odour (i11tens1iy and character) 
011 tht'l day of !he site visit 

Operations currently- implemented to manage leach3te ponds are 1M usual anel 
~commended operations lo limit odllUr emissions from such sources. 

4.3. Oigestate 
The digestate is me final product of the digestion systmn ~rut is stored ill U'le outlet 
tar1'l. Richqro i'S cur:rentl'f mixing i.tii!'l ditJ0.~t:Aie wilh green waste (and wi'ih puie bark as 
ad11ised to DER Oifir..erf,) atihougl't not ~uthorh;i:li1 uncler the li1:a1t<-l. During the visrt, 
lhe site m2111ager indicated that for lhti pin.r.i bar!-; products. lim~, Ul"d:J :nl!J ~att~ 

waler from the main pond ::ire used 

On ll1e day of the AOS visit, a windrow of green wasle was mi.-:.ed with digeslat ... 
OK,Jestate has replaced dlicket1 manure in the green waste comDost Some sawdust is 
also added to the windrow. A volume between 100 and 130 m 3 of digestate is used 
daily for the femientation phase of composting. The digestate is conected in a tanker. 
then the truck is connected to the windrow turner machine which adds the digestale 
while mixing and turning the windrow. 

Two pipes deliver !he digestate at tt1e front of the turner While processing the windrO'W. 
The now rate of digestate delivered lr~ the 2 pipes is constant Therefore, the operator 
slightly modifies the traveling speed of the turner to add more or less moisture to lhe 
winarow. From the observations on site. ii appears this method of injection a!klws a 
Miter mix.ing of the liquid µl1ase (moistura) in the winarow. limits ciir contact from the 
digestate anct improves the control of a<le1ed volume (limiting over-saturation 311d 
production of leachates). 

DEi~ officers stOO<l at close distance downwind t1f t1H:l turner while ttle d igestate was 
injected into the windrow. A decomposing organic type od(J\ll' at a11 odour intensity 
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level between weak and distinct was noted. However. it was not possible to confirm 
that this odour was the same odour as that recognised off site during odour patrols jn 

November and December 2016. The odour dissipated quickly after 1:, to 20 meters. 
Se\/erat older green waste windrows were on the hardstand area and downwincl 
olfactive inspection did not reveal any strong odour on this day. 

In an AD planl. anaerobic digest.on must be pertonned under constant conditions 
within strtct limited ranges of temperature and pH but not only. It is therefore beneficial 
for the proponent to maintain steady conditions within the process. It 1s important that 
tne type and volume of waste to be mixed have minimal variatiOn. The volume of the 
mixing, digester and outlet tanks is large enough th3t the production of a digestate 
would not be expected to vary si9nificantly (resident ial time of 30 days according to 
the s ite manager). It does mean that lhe odour potential from the digestate should 
therefore be relatively constant over t ime. Highly odorous raw solid waste Should be 
avoided 10 limit the carr;-over of the odour through the system up to the OU11et tanl\ 

Ho-Never. there are severat !Imitations for the comparison of obServations during the 
AOS visit with other operational and meteorological conditions that occur at ihe site: 

.. The wind veiocit; was 4 to 5 mis on the day of inspection, which is significanUy 
different from still conditions tna! may be mOfe conduci11e to odour transport 
and unpac!s, 01t-s1te 

" Observations were made between 9am and 10am when atmosphenc 
conditions are likely different from early morning cooditions and less conducive 
tor transport antl possible impacts off-site: 

• Tl1e site manager indicated that regu lar moisture tests are pertom1ed. However, 
it was not confirmed that initial green waste moisture tests are carried out to 
<Jetem,ine the volume of digestate necessary to achieve the e:xpected moisture 
in the windrow when initially b lended. 

• No significant leachates were observed running on the tiarcJstan<J area on the 
day of the 11isitt. hOwe~er. additional infomiation, including the volume (ratio) of 
digestate added to the windrows and the mode of detem1inat1on of these 
volumes is reQUired. 

Despite no identification of sign1f1cant odours or sources of odour during lhe site visit. 
DER has received numerous odour complaints for the last several monttls. These 
indicate that Richgro may be !he cause of impacts and therefore that a source, or 
more likely several sources (cumulative emissions). are likely to be present on the 
site. 

Observatlons during odour pal rols have confim,ed the presence of odour impacts at 
residential locat ions with some distinct odour intensity levels. It was confirmed that 
there were no any o1her Odour sources upwind of the Richgro facility that could have 
produced this same odour. Additional investigations are reQuired to be undertaken by 
tl'le proponent to ideflt1fy the origin of the Odour within their site impacting tf)e 
neighbourtlood. 

From experience with off-site Richgro odour recognition during previous odour patrols 
in 2013. the odour charactensti<: has evollied from composting odour to putlid anct 
rancid odour detected at the same locations {20 16) under similar meteorological 
conditions. This means that odours emitted have changed. A review of the process 
and operational conditional between 2012 and now, shows that changes are related to 
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the AO plant an•:l the composting process with the use oi digestate instead of manure 
fur green waste composting. 

As stated before. it is unlikely that the AD Receival Hall, the biofilter or the AD tanks 
woulel be significant odour sources. Even their contribution to odour emisSions from a 
cumulative point of view is likely to t,e insignificant for lhe odours eJo:perienced oft-site. 
Finally, according to lhe odoor characteristic and the results from the various odour 
patrols, indicating a wide spread of odour impacts, one llkety source would be the 
green v.•aste composting winclrows applied With the digest.ate. II is not certain that lhe 
mixing (inrtial and during the fem1entatioo process) would be the major source <lue to 
IM conditions of additiOn of the digestate in the green waste windrow (see previous 
discussion). 

It shoufcJ also be possible- to assess if the claimed 130 lil of di9estate IJSe<I aany in me 
green waste process is the optimum amount for U'le green waste composting process 
There are two possibilities: 

" this volume is required to maintain the moisture in an green waste windrows 
daily. Water balance and moisture management operational procedures 
should assist in determining thls; it would be expected that this volume vanes 
between clry and wet weather periocls; 

" this vorume is not necessary for the composting process aoo onty needs to be 
removed from the outlet tank to proviae enough capacity for daily di9(tState 
production under current inlet throughput 

In regards to the questiOn re!ated lo the possible avthorisatKlfl of digestate applicabfx1 
and con<Jitioos (wind speed and direction and djgestate volume) to reduce odour, the 
aoove discussion shows thm the application and mixing of the digestate into the 
windrow ts an unlikely cause of odours. If further investigations Dy the proponent 
demonstrate otherwise, i1 would be suggested that applicaoon occurred belween 
1 0am and 3pm, under wind speed above 2m/s and wind direction from two specific 
sectors (sector 1: north-west (NW) to south-west (SW) and sector 2: north (N) to east­
sovth-east (ESE)). These limiting parameters will 10!.ely need to ba refined and tested 
under specific licence conditions initiatty. 

4.4. Potential offsite odour sources 

4.4.1. Lukin swamp 
It is dJfficuft determine if the Lukin Swamp is a significant odour so1.1rce 3:; rt w,11 
depend on lhe ability of the swamp to retain water after heavy rains. mainly it1 the 
winter period. anci if this water may degrade anci release odours. 

It is expected that dunng the summer period this swamp is dry and meremre has oo 
Odour emission. 

Finally, although this swamp cannot be totally disregarded as an Odour source, it 
wasn't identified as a source 01 the numerous odours recognised to the north of ttie 
Ric.hgro site tturing odour patrols in 2013 and 2016. 

4.4.2. Production bores 

11 is unlikely that the main odour recognised during ihe odour patrols would be 
confused witl1 bore water odour. Bore water odour has been experienceo (luring odour 
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patrols in this area and has a different odour type to mat from Richgro This odour is 
known by residents and experience has shown (Southern Metropolitan Regional 
Council case study) that there is no possible confusion between bore water and 
another type of odour similar to compost-type processes. 

5. Limitations 
Please note the following important information relevant to the review of this proposal 
by AOS: 

• Pollutant of concern considered in this review ts odour. There may be other 
pollutants emitted at trace levels or other atmospheric processes (e g_ 
particles associated with organic compounds, semi-volatile species, 
transient species, complex mixtures, etc.) that may contribute to cumulative 
concentrations and impacts in lhe regional airshed. AQS has no rea$00 to 
belie-ve that such emissions constitute a significant public health ris>;, but 
caution that there are few data available to make an assessme-nt at lhts 
time: 

• AOS cannot not assess the rirOPosed ;echnology in terms of emissm 
control. and hm,,· this relates to requirements for implem€-ntat,oo of •sest 
Practice~ as per EPA Guidance Statement No. 55, 

• .AOS does not have expert 11.noWledge in the areas of process/chemical 
engineering. laooratosy analytical methods. stack testing methods or 
Anaeroblc Digestion p lant and composting operations, all of whicn are 
critical to the construction of an emiss10n inventory or this nature: 

• Notwnhstanding the valid advice provided herein, this revie'N does not 
constitute formal endorsement and approval b:y DER This would require an 
jndependent review by an accredited auditor of industnal sites. with 
extensive lmowteoge of Anaerobic Digestion plant and composting 
operalioos. This AOS review should be considered as an assessment of ·as 
supplied" documentation by an air quality generalist, with the intent of 
alerting you to issues we consider important: 

" AQS does no1 have primary respoosibflity for the assessment of public 
health issues, including Health Risk Assessment in relation to air pollution. 
Th is is the role of the Department of Health: 

• .AOS cannot provide buffer determinabons for urban lanct dEriteJopment 
subdivision proposals near ell.isting industry or other air pollution soorces. 
The primary reference for minimum separation distances is EPA Guidance 
Statement J : Separation Distances between Industrial and Sensitive Land 
uses Please note that aif quality modelling or monitoring are 
generally not s uitable for resolving amenity issues caused by urban 
encroachment on industrial or intensive agricultural sites. 

Signatures 
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Attachment 1: Premises map 

The Premises is shown in the map below. The pink line depicts the boundary to the 
Premises. The yellow numbers refer to the GPS coordinates specified on page i of the 
Licence. 

178 



Attachment 2: Groundwater monitoring bore map 

------------_______ ,. _________ _ 
The location of the groundwater monitoring bores are depicted as yellow dots shown on the 
map below. 
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