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(N'TRODUCTJOS

Oe<qi, PacifIC" Leaf River Pulp Operalions in New
AuJUSla. MS, mst'Nled a pilOl study in the spring of 1989
to determine the perfOl'lllal'lCe expecutlOfUli for const"""ted
wetlands tlutmem of pulp mill dnutnL "The project
establitMd three: identically configumt wetland cells with
C'OfItroI over depdt and now rue.. ft\a$e I of ttus pilol
SIUdy ,nvolved Idun. with f!!:!i£!!!:!l~ torpedo pau,
and 1& repono:d else.....here (Reaves et al. 1991). This
pm;enUtlton 10',11 rqlOT1 the findings of the Phase II pilot
prop:t begun In August of 1991.

PURPOSE

The purplJI5e of tIus S1Udy is lO measure d1mp In W'Ifl
plIII'Wnl:Iers whllc mIlntlllrnng • consIafII depdt in each
expeflmental wetland cells., allerilll only now ~tc, to IlTive
at site specific deslgtl Cflleria IMI can be used in the
development of. larger constructed wetlands for lfellUt1cTtt
of all or pan of .. 20 million pJlons of wlStewater
dtscharJe per day.

LITERATURE REVIEW

lnten;sl has increased durilli ~ent years over the 1I5C of
cortStnlCted wetlands for treattrltnt of many types of
wastc:water. Several sludies twlve been cOfldueted on
dclmeMlC sewa~ (Watsort et aJ. 1989) whtlc ooIy 'limited
lIIlInbeTofinve$UplIortI twlve focused on pulp mill effluent
(AlIenQer 19l14: HIIM'lel" et aI. 199J: Reaves et aI. 1991:
Thut 1989. 1990. and 1993; and TettJeton et aI. 1993).
Even fewer twl"e designed tlv::ir projects around I free
waler surface now wetland (Hammer el II. 1993: Rea"es
et aI. 199'1: and TcttJctorl et aI. 1993).

Hi5lOnCally. studies with eonwueted wetlands hlI"e
atlenlplCd to enhance coot8C1 SUlface area by pMStnl the
_1c:Walef throulft • bed of Inen substrate such .. sra"d
or marl (i.e.. Submerged Aow Wetland). While UIlS design
J'lV"kkd abundant COllUlCt surface area. the sysll.'lTlS also
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had inaeased cOllluuaion (i.e.. sra.-el or marl) and
maintenanCe (i.e.. occl_ of interstitial spKeS of
subs,",le) retllled cost. For thil reason. our Wdland cells
were designed 0f1 the free witer SURace now weiland
design.

To optimize: coruct surfece area for bac\etill anadtment.
(Reed and BrowTI 1m) in Phase I of our lIudy \flI'C

selected torpedo pm$. • plant tha ahibits dense sterII
1fOWIh, IS our princIple wetland vegewion.. RaVel e1 al.
(1991) reported that this plant did not prove 5lllable.
In!h! latifora, catUlil, and~~ ~n-r;tcm

bulrush, were chosen for PIwc II des1an bosed 0f1

~ INIde by Kttilhl (1991).

METHODS

Phase 11 dcsip criteria included two deep WIleS per
wetland cdllO enlwtce hydraulic retention ~uy. Each
cell i$ III .ere (0.13 ~) with 111 aspect nwo of
~.llTIIlCly3:1. A spliJtCT bo.\ .....th vertteal wetl1_
ClX$nlCU:d 10 P'O". , meuured flow 10 e.:h wetland
cell from one of the secondary clariften at the mill's
wastewater treatmenl facility. 1nnuent was piped from the
overflow of lhe spllller box to a head pipe at each wetland
equipped with six IdjUUlbIe anale noules along ita length.
The adjustable IIOZZIes help balance the no.... along lhe
length of the hc:ad pipe to provide e\'c:ll dlstribuliort I£nJI$I

the cell...

Samplinr: Design

Tesling begll1 once ve~wion in the cellJ anained 75'\
CO"aqt of water surface lIlQ. Dala lncll.lded in this SIUdy
Wat: collected between 7 <ktober 1991 WId 3 January
1994. Hydn&ilic loCilll mel were u follows: Cell 1 43
(XX) litus per day (Ipd); Cell 2 - 95 000 lpd; Cell 2
(chanied Deo::mbcr 1992 to 21 500 lpd); Cell 3. 148 (XX)

1pd.



Sample Collf'l'1ion and r'!9ufn<'Y

On eadl visit.. a sampI~ .... collmed from one nozzle
from ea:h wetland.. Th. provided one inlet sample per
all. Another Mmple was collected u the overflow from
ea:b wr:l1and', 6U w~,r. AJ. lo:asl: rwiee e.::h wed !hi:
imIpks~ analyzed foc~ dissolved oxyp.
bJrboo;bly. conductIVity. pH. lOCal wspmded solids. InK

coklr. and btochenucaI oXY&m demand - , day. Once a
wed:. samples wen: anaI~ for bJtnUc.~ lOCal
KJC=1dahI nilrOJ'='l. and tolaI phoIphoNs. All ldlS W<'K

mnduI:ted accon:hng 10 Stand.atd Methods. modified :and
adapted 10 tbch Qlemital Company procedures (Hadl
1991).

To determine ....!lelher the ....etland c~lIs had :altered the
wasl~Wlller u il passed through the sysu:m. a two sampl~

Sludent's I lesl ....II! performed on lhe average inlet and
oullet cooccntr.uiorl$ for <,xh paramc:t~r, from each cell. at
Itt corresponding no.... tate. The HllUislic ....as caJculalcd
wilh the aid of I microcomputer running Janders
SigmaPIOl v. '.0 for DOS (Nomy et al. 1992). The
signifICanCe level was a .O.CB for all COfflJliUlsons.

RESULTS Al"''D DISCUSSION

V!1!:tlalioll Ptrlorma~

VeltWioo cover:llle of the wetlands progressed rapwUy.
By the end of the secon:I lfO'WiftI~ !heir covera.ce
hid ~hcd better tt.r e1py-five pera:m. foc eata.ill and
mnety-five palXnt for bulrush. The plantS wa!: hcallhy
and Ihrn; IIIa5 no appamu failure 10 lhnve uuroduccd by
the wutewater oc Uly of the desip mleTia (Le.• dqxh..
now l'Ile. C'IC.). Dc:nIc plain matu:r appcated 10 dccoInpoK
normally and did not JXV a rnamtenanCC probIcrn by
lCCWTlulauon..

Table 1 provides percentage reducuon and lndicalcs
whether the ..hange was an Incr'ClI5C or decrease for lhe
liven parameter and now rate. Tabl~ 2 sllJTUT1lrizcl
de$l;riptive sample statlsllcs ofeach ICSI plll1llTlelCr ..olla::u:d
III a ..onesponding no.... rale.

With the Cllception of turbidity In Cell 2 (21 .'iOO Ipd)
which int:reased. pH in Cell 3 and Conduclivily in
Ccll2 (21 500 Ipd) whK:h did not change significanlly. all
physical - chemical parumetCT$ measured in lhis lrudy
decreased 'n Conccnlr.aUon.
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ConcIuetiV;ly.nd pH. Conducliv;ty only decreased.5' Of

leu n pH only cIccJraIcd 3.. Of leu. No rel$Oll can be
oft"CRd for theM reductions Clltqll: 10 specubte I!w they
could be relued 10 WIII:r bIIancc Ir'Id mat an ICC'unte

CQrftCtion for rain fall may~e Ibc:ir sipUr~

Temptnture. The Wl.W:WI1eT supplied from the clarirlCt"
hu • u:mperanue of 3'" - 40" C Of puler II it enters the
wetland$. The retenlion umc tIvoup the wetilnd ceU
11100\0$ adequue time for the tempmture 10 read! ambierll:
condillons (c.,.. raiuruona of:> ~).

ou.otnd Oxytto. While the seccnlary clanrtelltOn of
the wutewllcr has ~\ICCd the orpr"c lOId 10 well below
typicIl permil limitt prior to beinllpphed 10 the wetland.
lhen= remains enough orglnK: l1'lIl1enai In the wlMeWllter
for bacterial metabolimlto SlgrurlClftlly deplete (e.g.. 40
78~) the available: diaolvcd oxygen in lhe 'Plft of cllCh
wetland cell's retention time. Oxylf:n depletion is fulther
Iffecu:d during the warmer times of the yeti ....hen oxygen
saluralion levels are low.

Turbidity. Turbidity in water is frequently lSSOl:i.led with
bacterial gro....th. algal growth, and suspended peniclcs.
The ....ule...aler entering the wetlands has measurable levels
of lotal suspended solids.. Significant decreases In lurbldity
occur (42· 46'A1) in the well:wla and appear II) be linked
10 decreases ,n~ solids.. 1lle increase 1ft bJrbu;hty
(+4.5~) thal occ:urred in the slower flow TIle $IOOy (21 .500
Ipd) of Cell 2 (Table I wtd 2) may be relued 10
disturbance of scdirnerus dunng samplin. or _ prot.bly

due 10 IIpI or bactmal aroWlh duo.. the !IUmr'IICr

sampltnl period.

Orpnk ParalTN'ttn

0Ian1U in~ of Total IUspenQed SOiMh, true
color. BOO(.5). .mmoma. IIltnlle. TKN. Ind toUl
phospborus are sumrTIlIUIcd In TIbk 3. Table 4
surnmari_ deK:npcive ..-npIe SWistx:s of etCh tal

pIrlmtler c:oilecled u • oomspondlftl flow l'IIe.

TOlII SUiptnded Solids. Total suspended lalllk (TSS) are
primarily usocialcd wilh the presence of wood particulates
and lignin! left over from the ....ood pulpinl proceu. These
solids are filtered by the vegetation and scnlcd over the
length of the retcmion lime through the wetlands. Under
all no.... rules, 1'85 showed significant dccreaJCS runging
from .51 II) 66%.

Trut Color. AI with 1'85. UUl: color of the wutewucr;s
known 10 be direetly related to the tree pulpinl proceu lind
is compri~ of very small wood panicles with high
molc:culu weights thai are in • colloidal wspension in the
_tewatel'. The panicles' colloidal na.!ure. aizc and weithl



prevents them from bem, filleml or smJina in the
wetlands. TnIC \;olor IS not expected to be si,niflCafllly
affected by wetlands tn:IIlmcnL In faa. all flow ~
showed no slpiflClnl dlanJe bnwtcn ink! .ld outkt
~JOftI,with theex~ of the 43 000 Ipd (Cdl
I) now ntte ...1tiI;h exhibited a swistic:ally liJlUficam
~ of 11'10. This rMuction may be the IUUlt 0(

dlllltlon from I1lInfall.

Biocbemial O.lYI;I'n Of-mand • 5 Day. BiochanKaJ
o~Yaen demand -" day. [800(5)1. ilsignifK:aluly Rlduced
durinS nonnal o~idalion lind darifi\;ation in the paper
mill's wu.~teWaier t~tment platlt. Howe~er, meMUllIblc
le~cl5 00 eoter each wetland cell. B00(5) consistently
dcl:rused 25 - 54.. from inlet to outlet ac:rou the cells.
E~en wllh inlel ~alI,ICS as 10.... as 9 mall we typkally
meawltl~of~.

AmmoniL With the exception of Cell 2 (21 .500 Ipd). all
flow rIle:t s/lowI:d tOOnS1W:n1 mIuctions in anwnonia (~I-.

14 - 31'10). These mIuctions may be related 10
nHnfl<:lltion. Whlle dissolved OlY&m levels U the outletJ
...... low. lhefe was eenainly enoulh a~lI1lable dissolved
olYIUl to faciliwe this process. AdditIOnal I.- could
be relaled to voluiliution.

NIll'1Ite. Our resullll for nllrat.e have been U1COft5tslent with
pl.lblilhed dalll from prior studies. Cell 1 and Cell 2 (95
000 Ipd) (Tables] and 4) did I1Olsignil1camly chanse In
concentnuion. Cell 2 (21 500 Ipd)1Ind Cell J (rabies 3
and 4) showed 6O'i\ and 21'10 rclUCIlons. It:SpCCtlvely.
QI.laIlly usuranee!quahly control metl10ds c:ontIuI:tcd dunnl
the 1993 ye:u revealed. potmtlal problem with our mime
data.. The evidence. indleatea that our d.WI may be h1£her
than mcasumnents pro"ided by an analytK:a1 te:sbnt......""'.
Total Kjeldahl Ni~ (TX1''I'). The combinaliorl 0(
deep anaerobIC zones nt ~Iow IIm;l/)M; _ in the

wetlands ..... ex~ 10 make condillons favonblc for
mtuctions In TKN. With the exoepllon of Cell 2 {2l~
lpd).:all 00 ntIC5 Indicaled dec!'ease in T'KN ranJina from
IJ.. 10 2.5 .

Tocal Phosphorus. Adsorptioo ofphosphoNStO sedimenll
IS one of the principal means of phosphoni!; remo~a1. The
....etlands ~~e shown thaI they I:an sigmficantly remove
phosphorus for as long as two 10 th~ lUQ....jnll 1eaSOf\I.
Reductions ranaed from 8<;\ 10~ across all flo.... ntteI

with !he ucc:ption of Cell 2 (21 XXI lpdl whICh did not
sipurlCWllly I:hange.
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CONCLUSIONS

Redudions ill Ta'lt1 hramfterl. Fm: wuer SIIl"face
flow wftbnd trearment 0( 5«Ondary lfeaJed bleKh kraft
pulp mill emumt repraentJ a viable alternative 10
oon~enrional rnethodI. Reductions In III'Iet plInInC:Iels
wdl • 800(5). TSS. and nur:ricnlll often apptOKhcd
1c:",1s for advanced _ tre:aunmt ($ 10 mJll).

c:or-.uuons for niu.te anaI)'$'S proco:lwa and eontinued
llUdy of the slower now I1IIe of 21 'lXl lpd may yield
additional information leadinl 10 concmc desil" criteria.

Prrlormaoce of "'Irlllion. Al pltlxnt. projeclions for
larger !IC31e wetlanli.....oold include a combination of
callaib and b\llrushes in lhe de5ian. 80th of lhese plantS
thri~ed in the wetlands. Additionally. the buh\lshe:s
ranalocd lush and £fttII durinll the cold t.erJtper.ll.ure
periods that the cauail. WCft: donnant. A blend of these
lWO wouJd provide for standinlU", ma&erial throupool the
year. Thc:se specIeS appear 10 c:oexist withol.n eompetiti"'
uc.1ttSion.

Deep z-. The deep zones wen: OIiJin&lly in!ended 10
provide nonvq:ewccI II'CII dial ....oWd be aetatecI. through
wind Ktion. Duckweed quickly inhabited the lIII'Cl1ands.ld
covered all available open water. Howcver. the deep l.ClOQ

did provide vollrnk for 1afIer hydraulic mention capacity.
The deep lOra can providei~ hydraulic retention
capacity in instanCcs where available land is limned.. Their
value lIS an anaerobic lone has nor. been qllinliflcd..

Flow Rale. OptImal now rate has not been detennined
yet. AJIurcdly there will be a point of diminishins Itlillm.

Addiliona1 1CSli11l of our dowe51 no.... ntte of 21 .500 lpd
rnsy ~Ip 10 COI1Clude thll pomt.
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I!!!.!!..!. SummaI')" of romparisoa be:I.,.ma inkt and outlet of 9Cb _Iland Cell and dirKtioa ~
Jipirk:artt~ rw e.cb panrtK1tr IWteI.

Celli CdI2 CdI2 CdI3- f10wc 43(0)1pd 9j (0) Ipd 2\ SOO Ipd 148 (0) Ipd

WIlU Temperature "'" r 311'> 1 ".. ~ 27'1\ ./.

Turbidity 421'> J, .... ~ 45,. f ..... ~
pH 2"~ I" ~ ,.. ~ HC

D.O. .,..~

-~ 78'10 J. 51' J,

ConductiYlty , .. I ,.. ~ HC ,.. ~
J.: Qutnow concentration or level signifltalltly lCS5lhan inflow (p < O.Oj).
T: Outflow concentration or leYe! signiflWltJy greater thlll1 innow (p < 0.05).
NC: Outflow contcnlration or level .showing no signiflCanl ehange from inflow (p < O.Oj).

"



Tablt 1. SUill.slic:a1 Jllmmar)' dtsCribing ph),sical - ehtmical paramtltrs Intll5urtd In sample collKtfll II eOfTeponding etll and now flit.

Cell I Cell 1 Ccll1 Cell J
Fio.... ; o ()()J Jpd 95 ()()J Ipd 21 500 Ipd 148000 lpd

Parameler AVO N SE AVO N s. AVO N s. AVO N s.
IN 27.35 288 0.23 27.16 '84 0.24 26.95 '0< 0,49 26.99 288 O.BWale( Temperature

OlIT 19.09 '" 0.29 18.63 '84 0.36 19.38 ,0< 0.49 21.60 28' 0.28
IN 51.76 270 6.14 69.61 18' 8.61 17.62 89 3.90 52.91 270 6.4JTurbidity

OlIT 29.89 270 1.60 Jl.29 'BI 2.84 32.48 89 2.48 28.16 270 2.93
'N 7,42 276 002 7.41 182 0.03 7.53 94 0.02 7.41 276 0.03pH

0.02 7.36 182 0.03 7.29 94 0.02 002
OlIT 7.23 276 7.J9 276

IN 3.43 2" 0.08 J.75 28. 0.10 2.76 10. 0.14 3.J2 26' 0.09D.O.
OlIT 1.69 28' 0.11 2.25 2B1 0.14 0.61 '01 0.09 1.61 26' 0.10

~ IN 3385 260 37.38 3501 180 41.26 3118 80 48,47 "28 260 36.56Conductivity
OlIT 3200 260 35.73 3345 180 41.33 J031 80 74.44 3324 260 32.83

AVO .. avcraSc, N '" number of samples, SE .. sW1da.rd error, IN .. sample collecled al Inlet of cell, OlIT .. illmplc eollccled It oullel of cell



Tablf J. Summary or comparison between inld and oullet or each wetland Cell and direction or
signincant change for tach parameter le:5ttd.

CellI ~112 ~U2 Cdl)

Paran1t':1l::r F1Qw: 43000 lpd 95000 Ipd 21 SOO lpel 148000 Ipd

TSS 66%1 55% I .,.,, 51% I
True Color 11% J. NC NC NC
BOD(5) 25% J. 36% J. 12% J. "..,
Ammonia 31% J. 27% J. NC 14% J.
Nitrate NC NC .,., , 21% J.
TKN 25% J. ".., NC 13% J.
Phosphorus 20'> , ,..., NC ...,
J.: Outflow concentrntiOfl or level signifieAndy less !hall inflow (p < 0.(5).
f: Outflow conc:entnuioo or level significantly ereater than inflow (p < 0.05).
NC: Outflow concentration or level showing no signifieAnt change from inflow (p < 0.05).

"



Table 4. St8lLsIICllI sumlllllry dueribing orglnit and nUlrient paramelers measured in samples rollecttd II corresponding tell and 00" nile.

~1l1 Cell 2 ~Jl2 Cell 3
Aow: 43000 lpel 95 OOJ lpd 21 500 Ipd 148 em Ipd

Parameter AVG N SE AVG N SE AVG N SE AVG N SE
IN 64.48 269 7.19 80.30 ISO 10.03 30.68 .. 4.24 64.36 10' 1.23TSS

OlIT 22.01 269 1.84 35.92 IW 6.24 12.44 .. 0.51 31.46 269 '>7
IN 2357 102 " 2"" 178 63.98 2299 .. 88.83 2230 262 52.97Title Color

OlIT 2098 262 <3 2116 178 56.11 2189 .. 69.20 2192 262 50.32
IN 11.59 161 1.31 19.20 lOS 2.08 15.64 .. 2.12 18.30 166 1.74nOD(5)

OlIT 13.19 I1S 060 12.25 lOS 1.12 13.10 .. 0.85 12.68 16' 0.96
IN 8.93 96 o.n 10,43 " 0.76 3.95 28 1.66 '.J<; 96 0.79Anunonia

OlIT ." 96 0.39 1.65 " 0.48 2.12 28 0.49 7.13 96 0.55
~ IN I J.59 " 1.60 1.5.43 >7 2.25 13.81 26 3.40 16.89 " 210Nitrate

OlIT 8.19 66 l.05 13.11 53 2.08 5.46 16 1.03 13.64 " 1.74
IN 16.88 9S 098 15.49 " 0.86 13.19 27 1.47 14.54 9S 0.80TKN

OlIT 12.64 9S 0.65 Il.SO " 0,62 10.89 27 0.81 12.68 94 0.65
IN 2.45 98 0.10 2.60 " 0.13 W 20 0.18 2.45 98 0.10"""'pho=

OlIT 1.91 98 0.09 208 " 0.10 238 19 0.18 2.25 97 0.09

AVG .. average, N .. number of J.ampJes. SE ., Stalldal'd errOl". IN .. sample tollected I' inlet of cell, OlIT .. sample collected al oUllet or cell




