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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  bi oengi neer i ng pr act i ces f or  st r eam 
bank and shor el i ne st abi l i zat i on.   Thi s sect i on was 
or i gi nal l y devel oped f or  USACE Ci vi l  Wor ks pr oj ect s.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

PART 1   GENERAL

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s 
bi oengi neer i ng pr act i ces as r el at ed t o st abi l i z i ng 
st r eam banks and shor el i nes usi ng nat ur al  veget at i on 
by i t sel f  or  i n conj unct i on wi t h st one,  r ock,  dead 
veget at i on st r uct ur es,  or  or gani c er osi on cont r ol  
mat t i ng.   The met hods may al so be appl i ed t o smal l  
t r i but ar i es,  gul l i es,  canal s,  and dr ai nage 
channel s.   The use of  t he t er m bi oengi neer i ng r ef er s 
t o soi l  bi oengi neer i ng i n t hi s speci f i cat i on.   Soi l  
bi oengi neer i ng i s a met hod of  st abi l i z i ng soi l s 
usi ng l i v i ng and dead pl ant  mat er i al  and 
bi odegr adabl e manuf act ur ed pr oduct s.   Bi oengi neer ed 
st r uct ur es shoul d not  at  anyt i me be const r uct ed on 
embankment s,  l evees,  or  f l ood cont r ol  st r uct ur es 
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wher e t her e i s a r i sk of  f ai l ur e of  t he pr oj ect  f r om 
a s i ngl e event  or  a st or m wi t h a r ecur r ence i nt er val  
of  10 year s.

Thi s speci f i cat i on f ocuses onl y on st r eam banks and 
shor el i nes at  or  near  t he edge of  wat er .   Thi s 
speci f i cat i on i s  not  f or  coast al  pr ot ect i on.   Thi s 
speci f i cat i on does not  i ncl ude r equi r ement s f or  har d 
or  dead veget at i on st r uct ur es t hat  ar e f or  er osi on 
cont r ol  or  habi t at  r est or at i on.   Thi s speci f i cat i on 
does not  i ncl ude t he use of  geosynt het i c mat er i al s ,  
met al ,  or  r equi r ement s f or  t r adi t i onal  st one or  r ock 
har dened st r uct ur es f or  bank pr ot ect i on.   The 
desi gner  shoul d be cogni zant  t hat  t he st r uct ur es 
descr i bed i n t hi s speci f i cat i on of t en must  be 
augment ed wi t h t he est abl i shment  or  enhancement  of  
veget at i ve zones on t he l andwar d por t i ons of  t he 
banks or  shor es.   Ref er  t o TR- EL- 97- 8 Bioengineering 
f or  St r eam Bank Er osi on Cont r ol  Repor t  1 Gui del i nes 
f or  gui dance.

The desi gner  shoul d use caut i on i n t he sel ect i on of  
bi oengi neer i ng met hods f or  bank st abi l i zat i on.   Many 
bi oengi neer i ng met hods pr ovi de i mpr oved er osi on 
r esi st ance t o st r eam banks or  shor el i nes.   However ,  
bi oengi neer i ng met hods ar e not  desi gned t o r epai r  
i nher ent l y unst abl e st r eam banks or  shor el i nes,  
whi ch r equi r e engi neer i ng desi gn,  soi l  i mpr ovement ,  
or  ext ensi ve soi l  r emoval  pr i or  t o veget at i on 
ef f or t s.   Bi oengi neer i ng met hods wi l l  not  pr event  
bank f ai l ur es due t o poor  soi l  condi t i ons,  over  
st eepened or  under cut  s l opes,  r api d dr aw down or  
dr op of  wat er  l evel s,  or  wher e f l ow vel oci t i es 
exceed bi oengi neer i ng est abl i shed t ol er ances.   
I mpr oved st abi l i t y  due t o t he devel opment  of  r oot  
mat s i n t he soi l  may t ake t wo or  mor e year s t o be 
r eal i zed.   Ther ef or e,  t he desi r ed bi oengi neer i ng 
met hods or  bi oengi neer ed st r uct ur es must  be sel ect ed 
based on- si t e speci f i c  condi t i ons,  r eal i st i c  
expect at i ons of  per f or mance,  and consul t at i on wi t h 
soi l ,  hydr aul i c,  and st r uct ur al  engi neer s and 
envi r onment al  r esour ce per sonnel .

The desi gner  shoul d compar e bi oengi neer ed st r uct ur es 
t o mor e t r adi t i onal  st abi l i zat i on met hods,  such as 
st one r evet ment s or  concr et e channel  l i ni ng,  i n 
t er ms of  cost  and per f or mance bef or e f i nal  sel ect i on 
of  st abi l i zat i on met hods.   Tr adi t i onal  st abi l i zat i on 
met hods may be bet t er  sui t ed and mor e economi cal  and 
pr ovi de gr eat er  pr ot ect i on at  l ower  cost s t han 
bi oengi neer ed st r uct ur es.   The desi gner  shoul d 
r evi ew case hi st or i es on t he per f or mance and 
mai nt enance of  exi st i ng bi oengi neer ed st r uct ur es 
dur i ng sel ect i on and desi gn.   I t  i s  i mpor t ant  t o 
ant i c i pat e possi bl e f ut ur e f ai l ur es of  banks due t o 
t oppl i ng of  l ar ge mat ur e veget at i on,  changes i n 
veget at i on speci es,  and i mpact  on t he st r uct ur e and 
veget at i on by ani mal  and human act i v i t i es.   Har d 
st r uct ur es may be pr ef er r ed at  l ocat i ons wher e t he 
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r i sk of  l oss of  l i f e or  pr oper t y i s  appar ent  or  
wher e r api d changes i n l and use may pose such a r i sk 
i n t he f ut ur e.

Thi s speci f i cat i on i s appl i cabl e t o semi ar i d and 
t emper at e r egi ons.   The const r uct i on of  
bi oengi neer ed st r uct ur es i n ar i d r egi ons r equi r es 
speci al  at t ent i on t o t he sel ect i on of  appr opr i at e 
pl ant  speci es,  wat er  suppl y,  i r r i gat i on,  and 
mai nt enance f or  successf ul  compl et i on and 
per f or mance.   Ot her  bank pr ot ect i on al t er nat i ves may 
be mor e cost  ef f ect i ve t han bi oengi neer ed st r uct ur es 
i n ar i d r egi ons.

The const r uct i on of  bi oengi neer ed st r uct ur es i n col d 
c l i mat es r equi r es addi t i onal  desi gn ef f or t s t o 
r educe or  pr event  damage.   St r uct ur es may be damaged 
by t he i mpact  of  i ce f l ows or  i ce bl ocks i n t he 
st r eam or  r i ver .   The devel opment  of  i ce at  t he 
st r eam bank t hat  i ncor por at es t he veget at i on of  t he 
st r uct ur e may r esul t  i n veget at i on l oss or  i ncr eased 
f or ces on t he st r uct ur e.   Consul t  wi t h a hydr aul i c  
engi neer  on met hods t o mi ni mi ze damage t o t he 
st r uct ur e.   The per cent  of  damage and mor t al i t y  t o 
veget at i on may be hi gher  due t o f r ost  or  sever e 
col d.   Fr ee dr ai ni ng soi l s shoul d be used t o r educe 
t he amount  of  f r ost  heave on st r uct ur al  component s.   
St r uct ur es may not  be sui t abl e i n c l i mat es wi t h deep 
f r ost  dept hs wher e sur f i c i al  soi l  may be subj ect  t o 
f l ow when di st ur bed dur i ng t he spr i ng t haw.   
Bi oengi neer i ng met hods may not  be sui t abl e i n col d 
r egi ons wher e pl ant  devel opment  and gr owt h ar e 
st unned due t o t he c l i mat e and wher e r oot  
devel opment ,  whi ch i s r equi r ed f or  per f or mance of  
t he st r uct ur e,  may r equi r e mor e t han 2 year s.   
Consul t  wi t h r egi onal  exper t s when pl anni ng 
bi oengi neer ed st r uct ur es i n t hese r egi ons.

Pl anni ng of  t he bi oengi neer ed st r uct ur e r equi r es a 
mul t i di sci pl i nar y t eam appr oach.   The desi gner  
shoul d consul t  at  a mi ni mum wi t h per sonnel  i n soi l  
mechani cs,  st r uct ur al  desi gn,  hydr aul i c engi neer i ng,  
bi ol ogi cal  sci ences,  bot any,  r egul at or y,  cost  
est i mat i ng,  cont r act i ng,  and const r uct i on dur i ng t he 
i ni t i al  devel opment  of  concept ual  desi gns,  
compar i son of  al t er nat i ves,  and t hr oughout  pr oj ect  
execut i on as r equi r ed.   Cl ear  obj ect i ves f or  t he 
sel ect i on,  per f or mance,  and r i sk of  t he st r uct ur e 
must  be devel oped ear l y i n t he pl anni ng phase.   
Sponsor s and t he publ i c must  be advi sed about  t he 
cost ,  per f or mance,  saf et y,  benef i t s,  and r i sks of  
t he sel ect ed st r uct ur e dur i ng t he ear l y st ages of  
desi gn.   The desi gner  shoul d be awar e of  t he need 
f or  const r uct i on over si ght  dur i ng i nst al l at i on t o 
ensur e qual i t y .

The desi gner  shoul d i ncl ude t he l ong- t er m cost s of  
mai nt enance i n cost  est i mat es and t he amount  of  
mai nt enance r equi r ed f or  adequat e and saf e 
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per f or mance of  t he st r uct ur e.   Moni t or i ng or  af t er  
car e of  t he st r uct ur e may be necessar y f or  2 t o 10 
year s af t er  t he st r uct ur e i s compl et ed t o ensur e t he 
veget at i on becomes est abl i shed and t he st r uct ur e i s 
meet i ng per f or mance r equi r ement s.   The i mpact  of  
changes t o s i t e condi t i ons shoul d be eval uat ed 
dur i ng pl anni ng f or  saf et y and mai nt enance 
r equi r ement s.   The ef f ect  of  l oss,  damage,  and 
change of  veget at i on speci es on st r uct ur e 
per f or mance shoul d be di scussed.   The ef f ect  of  
di sease,  f i r e,  har vest i ng,  or  r emoval  r el at ed t o 
pl ant s i n t he st r uct ur e and i mpact  on per f or mance 
must  be el evat ed.   Requi r ement s f or  veget at i on 
r epl eni shment ,  pr uni ng,  sel ect i ve cut t i ng,  and 
r epl acement  shoul d be i ncl uded i n mai nt enance 
pl anni ng.   Repai r  t o t he soi l ,  backf i l l ,  or  har d 
mat er i al s i n t he st r uct ur e must  be addr esses.   The 
accr et i on of  sedi ment  on st r eam banks due t o t he 
t r appi ng of  sedi ment  by veget at i on shoul d be 
eval uat ed f or  l oss of  st r eam conveyance and 
decr eased sl ope st abi l i t y  due t o t he i ncr eased 
wei ght  of  accr et ed sedi ment .   Damage due t o wave 
act i on f r om st or ms,  navi gat i on,  or  boat s shoul d be 
determined.

Cl ear  accept ance cr i t er i a shoul d be def i ned f or  t he 
pr oj ect  as wel l  as war r ant y r equi r ement s.   
Accept ance and war r ant y r equi r ement s may be mor e 
st r i ngent  and r equi r e l onger  per i ods of  t i me t han 
t r adi t i onal  bank st abi l i zat i on pr oj ect s due t o t he 
need f or  veget at i on t o become est abl i shed.

The f ol l owi ng st r eam f l ow vel oci t i es ar e r ecommended 
f or  maxi mum l i mi t s on t he sel ect ed met hods of  st r eam 
bank or  channel  st abi l i zat i on.

   Veget at i ve pr ot ect i on 2. 5 m/ s 8 f eet  per  second 
( f ps)  St r uct ur al  and bi oengi neer i ng 
   Woody mat er i al ,  2. 5 m/ s 8 f ps
   Woody mat er i al  and her baceous speci es,  1. 5 m/ s 5 
fps
   Her baceous al one,  1 m/ s 3 f ps
   ( USDA TN Pl ant  Mat er i al s No 23,  Techni cal  Not es,  
Sept ember  1993)
   Fl ow vel oci t i es gr eat er  t han 2. 5 m/ s 8 f ps may 
r equi r e r ei nf or ced mat t i ng or  har d st r uct ur es.

Bi oengi neer i ng met hods r equi r e const r uct i on 
t echni ques and mat er i al s,  whi ch ar e descr i bed by 
ot her  exi st i ng speci f i cat i ons.   The f ol l owi ng 
speci f i cat i ons shoul d be i ncl uded wi t h t hi s 
speci f i cat i on i n t he bi d package dependi ng on s i t e 
condi t i ons and desi gn obj ect i ves.

Mi nor  c l ear i ng and gr ubbi ng of  veget at i on i s 
pr ovi ded i n t hi s  speci f i cat i on wi t h an emphasi s on 
sal vagi ng c l ear ed or  gr ubbed mat er i al  f or  t he 
const r uct i on of  t he bi oengi neer ed st r uct ur e.   For  
ext ensi ve c l ear i ng and gr ubbi ng of  veget at i on f or  
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si t e const r uct i on or  access,  r ef er  t o Sect i on 
31 11 00 CLEARI NG AND GRUBBI NG.

Mi nor  ear t hwor ks may be r equi r ed f or  t he 
const r uct i on of  t he bi oengi neer ed st r uct ur e.   I n 
addi t i on,  sel ect  f i l l  or  backf i l l  mat er i al s may be 
needed.   Thi s speci f i cat i on onl y i ncl udes t he 
r equi r ement s f or  t he mi ni mal  ear t hwor ks necessar y 
f or  key t r ench i nst al l at i on and sur f ace r ougheni ng.   
For  s l ope r educt i on,  benchi ng,  and mat er i al  
speci f i cat i on,  r ef er  t o Sect i on 31 00 00 EARTHWORK.

The const r uct i on of  bi oengi neer ed st r uct ur es of t en 
r esul t s i n t he exposur e of  soi l s  t hat  r equi r e 
pr ot ect i on f r om er osi on.   Thi s speci f i cat i on 
ment i ons t he need f or  er osi on cont r ol  pr oduct s but  
does not  pr ovi de t he speci f i cat i ons or  i nst al l at i on 
met hods f or  t hese pr oduct s.

Bi oengi neer i ng met hods may i ncor por at e st one or  
r ock.   For  t he r equi r ement s f or  har d ar mor ,  r ef er  t o 
Sect i on 35 31 19 STONE,  CHANNEL,  SHORELI NE/ COASTAL 
PROTECTI ON FOR STRUCTURES.

Seedi ng i s an i mpor t ant  component  f or  many 
bi oengi neer ed st r uct ur es.   To speci f y t he 
r equi r ement s f or  t he i nst al l at i on pr ocedur es f or  
seedi ng,  r ef er  t o Sect i on 32 92 19 SEEDI NG.

Fenci ng may be r equi r ed dur i ng and af t er  
const r uct i on t o pr ot ect  bi oengi neer ed st r uct ur es and 
associ at ed veget at i on f r om damage due t o human and 
ani mal  act i v i t i es.   For  t he r equi r ement s f or  
f enci ng,  r ef er  t o Sect i on 32 31 13 CHAI N LI NK FENCES 
AND GATES or  32 31 26 WI RE FENCES AND GATES.

Bi oengi neer ed st r uct ur es ar e commonl y pl aced i n or  
adj acent  t o bodi es of  wat er .   Best  Management  
Pr act i ces f or  st or m wat er  pol l ut i on pr event i on shal l  
be empl oyed i n accor dance wi t h Sect i on 01 57 19 
TEMPORARY ENVI RONMENTAL CONTROLS.

Por t i ons of  t hi s  speci f i cat i on may not  be consi st ent  
wi t h sect i ons i n t he const r uct i on cont r act .   The 
desi gner  wi l l  del et e unnecessar y par agr aphs of  t hi s 
speci f i cat i on or  pr ovi de f ul l  r equi r ement s t o 
por t i ons i n t hi s  speci f i cat i on t hat  may conf l i c t  
wi t h or  cont r adi ct  ot her  sect i ons i n t he cont r act .   
These conf l i c t s,  cont r adi ct i ons,  or  l ack of  
r equi r ement s wi l l  be r esol ved bet ween t hi s sect i on 
and ot her  speci f i cat i ons and t he const r uct i on 
cont r act  bef or e t he desi gn package i s r el eased f or  
review.

For  addi t i onal  i nf or mat i on concer ni ng bi oengi neer i ng 
pr act i ces,  met hods,  st r uct ur es,  const r uct i on,  and 
per f or mance,  see t he f ol l owi ng publ i cat i ons:

Uni t ed St at es Depar t ment  of  Agr i cul t ur e,  December  
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1996,  Engi neer i ng Fi el d Handbook,  Chapt er  16,  St r eam 
Bank and Shor el i ne Pr ot ect i on.

Uni t ed St at es Depar t ment  of  Agr i cul t ur e,  Oct ober  
1992,  Engi neer i ng Fi el d Handbook,  Chapt er  18,  Soi l  
Bi oengi neer i ng f or  Upl and Sl ope and Er osi on 
Reduction.

Muhl ber g,  K,  Gayh,  A,  and Moor e,  Nancy J. ,  1998,  
St r eam Bank Reveget at i on and Pr ot ect i on,  A Gui de f or  
Al aska,  Al aska Depar t ment  of  Fi sh and Game,  
Techni cal  Repor t  No.  98- 3,  75 p.

Schi echt l ,  H.  M. ,  and St er n,  R. ,  1997,  Wat er  
Bi oengi neer i ng Techni ques f or  Wat er cour se Bank and 
Shor el i ne Pr ot ect i on;  Bl ackwel l  Sci ence Lt d,  London,  
186 p.

TN Pl ant  Mat er i al s No.  2,  USDA,  Sept ember  1993,  How 
t o Pl ant  Wi l l ows and Cot t onwoods f or  Ri par i an 
Rehabilitation.

The publ i cat i ons l i s t ed above ar e a smal l  sampl e of  
t he numer ous publ i cat i ons avai l abl e wi t h r el at ed 
gui dance f or  bi oengi neer i ng pr act i ces.   The desi gner  
i s  encour aged t o obt ai n and r evi ew l ocal  and St at e 
publ i cat i ons t hat  ar e speci f i c  t o t he r egi on of  
pr oj ect  wor k.   These publ i cat i ons gener al l y cont ai n 
usef ul  i nf or mat i on on sui t abl e pl ant  speci es,  soi l  
and st r eam condi t i ons,  and r egul at i ons.   I nser t  
pr oj ect  speci f i c  r ef er ences as needed.   Numer ous 
gui dance and case hi st or y publ i cat i ons on 
bi oengi neer i ng by t he USACE may be r evi ewed at  
http://libweb.wes.army.mil.

Publ i cat i ons may cont ai n dr awi ngs of  pr oposed 
st r uct ur es t hat  ar e of  val ue f or  r ef er ence and 
i ncor por at i on i n desi gn document s.   I t  i s  st r ongl y 
r ecommended t hat  t he desi gner  obt ai n and r evi ew 
dr awi ngs of  t he var i ous bi oengi neer i ng met hods and 
st r uct ur es dur i ng t he pr epar at i on of  t hi s 
speci f i cat i on.   These dr awi ngs l end consi der abl e 
c l ar i t y t o t he descr i pt i ve t ext  about  t he 
st r uct ur es.   These dr awi ngs shoul d be i ncl uded i n 
t he speci f i cat i on package as at t achment s t o t hi s 
speci f i cat i on and shoul d be modi f i ed t o r ef l ect  
s i t e- speci f i c  condi t i ons and r est r ai nt s.

**************************************************************************

1. 1   SUMMARY

**************************************************************************
NOTE:   Pr ovi de r equi r ement s t hat  ar e speci f i c  t o t he 
wor k and t hat  t he Cont r act or  wi l l  be r esponsi bl e f or  
completing.

The Cont r act or  shoul d submi t  suf f i c i ent  dr awi ngs t o 
c l ear l y def i ne s i t e l ayout ,  st r uct ur e,  det ai l s ,  s i t e 
condi t i ons,  ext ent s of  f eat ur es,  and t he l i ke t o 
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al l ow adequat e pl anni ng and cost  est i mat i ng.   The 
desi gner  wi l l  del et e or  add dr awi ngs t hat  ar e 
necessar y t o meet  pr oj ect  needs.

**************************************************************************

The wor k by t he Cont r act or  consi st s of   f ur ni shi ng and i nst al l i ng 
bi oengi neer ed f eat ur es and st r uct ur es.   Submi t  desi gn,  det ai l s ,  cr oss 
sect i ons and pr of i l es of  s i t e engi neer ed st r uct ur es t o enhance [ st r eam 
bank]  [ and]  [ shor el i ne]  st abi l i t y  wi t hi n pr oj ect  l i mi t s and i n ar eas 
out s i de t he pr oj ect  l i mi t s wher e t he soi l  sur f ace i s di st ur bed f r om wor k 
under  t hi s cont r act  [ and as not ed on t he dr awi ngs] .   I ncl ude i n t hi s wor k 
al l  necessar y eval uat i on,  desi gn,  mat er i al s,  l abor ,  super vi s i on,  and 
equi pment  f or  i nst al l at i on of  a compl et e syst em and af t er  const r uct i on 
mai nt enance.   Submi t  a l i s t  of  al l  equi pment  and t ool s t hat  wi l l  be used 
f or  t he const r uct i on of  t he bi oengi neer ed st r uct ur e.   I ncl ude i nf or mat i on 
on pr oduct s used i n equi pment  such as f uel ,  hydr aul i c f l ui ds,  and t he 
l i ke.   Coor di nat e t hi s sect i on wi t h t he r equi r ement s of  Sect i on [ 31 11 00 
CLEARI NG AND GRUBBI NG]  [ and]  [ 31 00 00 EARTHWORK]  [ and]  [ 35 31 19 STONE,  
CHANNEL,  SHORELI NE/ COASTAL PROTECTI ON FOR STRUCTURES]  [ and]  [ 32 31 13 CHAI N 
LI NK FENCES AND GATES] [ 32 31 26 WI RE FENCES AND GATES]  [ and]  [ 32 92 19 
SEEDI NG]  [ and al l  ot her  speci f i cat i ons or  r equi r ement s as necessar y] .

1. 2   MEASUREMENT AND PAYMENT

**************************************************************************
NOTE:   Add or  del et e pr oduct s and measur ement  and 
payment  as r equi r e f or  pr oj ect  speci f i c  needs.

**************************************************************************

1. 2. 1   Binder

Measur e t he st andar d bi nder  by t he l i near  met er  f oot  pl aced.

1. 2. 2   Li ve or  Dead Cut t i ngs

Measur e l i ve or  dead cut t i ngs by number  and t ype of  i ndi v i dual  cut t i ngs.   
No payment  wi l l  be made f or  cut t i ngs not  r equi r ed f or  use i n t he st r uct ur e,  
def ect i ve,  or  t hat  ar e t r i mmed f r om cut t i ngs.   I nc l ude al l  har vest i ng,  
soaki ng,  t r anspor t at i on,  and pr epar at i on i n t he measur ement  f or  payment .

1. 2. 3   Materials

Measur e soi l  and r ock by t he [ cubi c met er  yar d]  [ met r i c 2000 pound t on] .

1. 3   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
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t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM D6765 ( 2012)  St andar d Pr act i ce f or  Li ve St aki ng

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

TR-EL-97-8 ( 1997)  Bi oengi neer i ng f or  St r eambank 
Er osi on Cont r ol ;  Repor t  1,  Gui del i nes

1. 4   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

Use t he " S"  c l assi f i cat i on onl y i n SD- 11 Cl oseout  
Submi t t al s.   The " S"  f ol l owi ng a submi t t al  i t em 
i ndi cat es t hat  t he submi t t al  i s  r equi r ed f or  t he 
Sust ai nabi l i t y  eNot ebook t o f ul f i l l  f eder al l y  
mandat ed sust ai nabl e r equi r ement s i n accor dance wi t h 
Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
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and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

The desi gner  shoul d ensur e adequat e t i me i s al l owed 
f or  t he r evi ew of  submi t t al s bef or e t he st ar t  of  
wor k.   The desi gner  wi l l  c l ear l y not e t he t i me f or  
submi t t al s,  wher e r equi r ed.   I nser t  t he number  of  
copi es r equi r ed as needed.

The submi t t al s l i s t ed bel ow ar e f or  gener al  
bi oengi neer i ng pr oj ect s.   The desi gner  wi l l  edi t  
t hi s sect i on t o t ai l or  t he submi t t al s t o t he pr oj ect  
needs and r equi r ement s and i ncl ude submi t t al s not  
l i s t ed bel ow as necessar y.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Exi st i ng Si t e Condi t i ons
Si t e Eval uat i on Pl an
Per mi t s and Regul at i ons
Const r uct i on Wor k Sequence Schedul e
Seed Est abl i shment  Per i od
Dewat er i ng;  G[ ,  [ _____] ]

SD- 02 Shop Dr awi ngs

St agi ng ar ea
St r uct ur es;  G[ ,  [ _____] ]
Vegetation
Har vest  Si t e Rest or at i on

SD- 03 Pr oduct  Dat a

Materials
Stakes
Binders
Fertilizer
Seal i ng of  Har vest  Cut s
Pai nt i ng of  St akes and Pol es
Lumber
Logs,  Tr unks,  and Br ush
Equipment
Har vest i ng and Soaki ng Recor ds

SD- 04 Sampl es

Soil
Excavat ed Sedi ment s
Sur f ace Wat er
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Groundwater

SD- 06 Test  Repor t s

Mat er i al  Test i ng

SD- 07 Cer t i f i cat es

I nst al l er ' s  Qual i f i cat i on
Per sonnel  Qual i f i cat i ons 
Seed
Vegetation
Binders

SD- 10 Oper at i on and Mai nt enance Dat a

Mai nt enance I nst r uct i ons;  G[ ,  [ _____] ]

SD- 11 Cl oseout  Submi t t al s

Mai nt enance Recor ds
Fi nal  Pr oj ect  Repor t

1. 5   QUALI TY ASSURANCE

Al l  Cont r act or  and subcont r act or  per sonnel  shal l  be f ul l y  qual i f i ed t o 
per f or m t he speci f i ed wor k and shal l  pr ovi de t he Cont r act i ng Of f i cer  wi t h 
such document at i on no l ess t han [ 30]  [ _____]  days bef or e t he not i ce t o 
pr oceed.   Wor k shal l  not  st ar t  unt i l  t he Cont r act i ng Of f i ce i s sat i sf i ed 
t hat  t he Cont r act or  meet s or  exceeds al l  r equi r ed qual i f i cat i ons.   Al l  
Cont r act or  r ecor ds,  document s,  and wor k may be i nspect ed by t he Cont r act i ng 
Of f i cer  or  desi gnat ed r epr esent at i ve at  any t i me.   Repl ace or  r epai r  
i mmedi at el y i t ems not  meet i ng qual i t y  r equi r ement s at  no cost  t o t he 
Government.

1. 5. 1   Regul at or y Compl i ance

Per f or m t he speci f i ed wor k i n accor dance wi t h al l  appl i cabl e Feder al ,  
St at e,  and l ocal  r egul at i ons.

1. 5. 2   Pr e- I nst al l at i on Conf er ence

Coor di nat e and conduct  meet i ngs wi t h t he USACE and al l  subcont r act or s pr i or  
t o t he st ar t  of  any wor k t o ensur e al l  wor k r equi r ement s ar e f ul l y  
under st ood and wi l l  be per f or med.   Al l  of  t hese meet i ngs shal l  t ake pl ace 
i n t he pr esence of  t he Cont r act i ng Of f i cer .

1. 5. 3   Substitutions

Subst i t ut i ons wi l l  not  be al l owed.

1. 5. 4   Qualifications

1. 5. 4. 1   I nst al l er ' s  Qual i f i cat i on

Submi t  t he i nst al l er ' s  company name and addr ess;  t r ai ni ng and exper i ence 
and or  cer t i f i cat i on.   The i nst al l er  shal l  be cer t i f i ed by t he manuf act ur er  
f or  any speci al  t r ai ni ng and/ or  exper i ence r equi r ed f or  i nst al l at i on.
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1. 5. 4. 2   Per sonnel  Qual i f i cat i ons

Submi t  a l i s t  of  per sonnel  wor ki ng on t he pr oj ect  i ncl udi ng name,  t i t l e,  
and st at ement s of  t hei r  cur r ent  posi t i ons and pr evi ous exper i ences.   
Sel ect ed per sonnel  shal l  have been i nvol ved i n bi oengi neer i ng desi gn and 
const r uct i on ef f or t s s i mi l ar  t o t he pr oposed si t e wor k wi t hi n t he l ast  2 
years.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

**************************************************************************
NOTE:   Pr ovi de speci f i c  i nf or mat i on on r equi r ed 
del i ver y pr ocedur es,  i nspect i on r equi r ement s and 
met hods,  speci al  st or age needs,  and speci f i c  
handl i ng met hods.

Edi t  t hi s sect i on t o i ncl ude mat er i al s t hat  ar e 
speci f i c  t o t he pr oj ect  wor k.   Add or  del et e 
mat er i al s or  pr oduct s as r equi r ed.

Sedi ment  sampl es shoul d be col l ect ed f or  mechani cal  
and chemi cal  anal yses.   Rock and st one shoul d be 
t est ed f or  t oughness,  dur abi l i t y ,  chemi cal  
st abi l i t y ,  and f r eeze and t haw at  a mi ni mum.   
Veget at i on t o be used i n const r uct i on shoul d be 
t est ed f or  heal t h and pr esence of  di sease.   Al l  
anal yses must  be pr ef or med by anal yt i cal  
l abor at or i es t hat  ar e cer t i f i ed by t he USACE.   The 
desi gner  wi l l  add or  del et e sampl e and t est i ng 
r equi r ement s t o t hi s sect i on as needed.   Speci f y t he 
speci f i c  t est s and met hods adj acent  t o t he sampl e or  
r ef er  t o t he accompanyi ng speci f i cat i on i n whi ch 
t hi s i nf or mat i on i s cont ai ned.

**************************************************************************

Submi t  a l i s t  of  nonveget at i ve mat er i al s t o be used i n t he const r uct i on of  
bi oengi neer ed f eat ur e or  st r uct ur e.   I ncl ude manuf act ur er ' s l i t er at ur e 
r egar di ng physi cal  char act er i st i cs,  l i mi t at i ons,  and appl i cat i on or  
i nst al l at i on i nst r uct i ons.   St or e mat er i al s i n desi gnat ed ar eas as 
r ecommended by t he manuf act ur er  and t hat  ar e pr ot ect ed f r om di r ect  exposur e 
t o t he el ement s,  moi st ur e,  and any pot ent i al  damage.   Cont ai ner s shal l  not  
be dr opped f r om t r ucks.   Mat er i al  shal l  be f r ee of  def ect s t hat  woul d voi d 
r equi r ed per f or mance or  war r ant y.   Del i ver  manuf act ur ed i t ems i n t he 
manuf act ur er ' s or i gi nal  seal ed cont ai ner s and st or ed i n a secur e ar ea.

Pr i or  t o del i ver y of  mat er i al s,  submi t  cer t i f i cat es of  compl i ance at t est i ng 
t hat  mat er i al s meet  t he speci f i ed r equi r ement s.   Cer t i f i ed copi es of  t he 
mat er i al  cer t i f i cat es shal l  i ncl ude t he f ol l owi ng f or  i t ems l i s t ed i n t hi s 
section:

a.   Cer t i f i cat i on of  r ecycl ed cont ent  or ,
b.   St at ement  of  r ecycl ed cont ent .
c.   Cer t i f i cat i on of  or i gi n i ncl udi ng t he name,  addr ess and t el ephone 

number  of  manuf act ur er .
d.   Cer t i f i cat i on f or  bi nder s showi ng EPA r egi st er ed uses,  t oxi c i t y  l evel s,  

and appl i cat i on hazar ds.
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1. 6. 1   Er osi on Cont r ol  Bl anket s

Fur ni sh er osi on cont r ol  bl anket s i n r ol l s  wi t h sui t abl e wr appi ng t o pr ot ect  
agai nst  moi st ur e and ext ended ul t r avi ol et  exposur e pr i or  t o pl acement .   
Er osi on cont r ol  bl anket  r ol l s  shal l  be l abel ed t o pr ovi de i dent i f i cat i on 
suf f i c i ent  f or  i nvent or y and qual i t y  cont r ol  pur poses.

1. 6. 2   Seed

I nspect  seed upon ar r i val  at  t he j ob s i t e f or  conf or mi t y t o speci es and 
qual i t y .   Rej ect  seed t hat  i s  wet ,  mol dy,  or  bear s a t est  dat e f i ve mont hs 
or  ol der .   St or e seed i n a cool  dr y ar ea pr ot ect ed f r om moi st ur e.

1. 6. 3   Lumber

I nspect  l umber  f or  st r ai ght ness and def ect s.   Rej ect  war ped,  damaged,  or  
used l umber .   Lumber  shal l  not  be st or ed di r ect l y on t he gr ound and shal l  
be pr ot ect ed f r om moi st ur e unt i l  t he t i me of  i nst al l at i on.

1. 6. 4   Vegetation

I nspect  veget at i on cut t i ngs,  her baceous pl ant s,  and c l ump pl ant i ngs f or  
speci es,  s i ze,  heal t h,  and pr epar at i on.   Rej ect  di seased,  i mpr oper l y s i zed,  
and i ncor r ect  speci es.   Speci f i c  r equi r ement s f or  st or age and handl i ng ar e 
pr ovi ded bel ow.

1. 6. 5   Ear t h Mat er i al s

Sel ect  f i l l ,  t op soi l ,  s t one,  r ock,  aggr egat e,  and sand shal l  meet  desi gn 
speci f i cat i ons.   St or e excavat ed sedi ment s and f i l l  i n wel l  dr ai ned ar eas,  
separ at ed f r om t he gr ound by a non cont ami nat i ng i sol at i on bar r i er .   
Mat er i al  not  meet i ng speci f i cat i ons or  wi t h cont ai ned physi cal  or  chemi cal  
cont ami nat es shal l  be r ej ect ed.

1. 6. 6   Logs,  Tr unks and Br ush

Logs,  t r unks,  and br ush shal l  be of  t he s i ze and qual i t y  speci f i ed.   Pl ace 
mat er i al s i n or gani zed manner  i n st ock pi l es near  t he wor k s i t e ensur i ng 
t hey wer e not  damaged dur i ng del i ver y,  st or age,  or  i nst al l at i on.   Mat er i al s 
shal l  not  r est  di r ect l y on t he gr ound or  be exposed t o pr eci pi t at i on i f  
t hey ar e t o r emai n at  t he st or age si t e f or  l onger  t han [ 4]  week bef or e 
i nst al l at i on.   Cover i ngs or  t he l ogs,  t r unks,  or  br ush shal l  not  pr omot e 
mol d or  r ot t i ng.

1. 7   PROJECT/ SI TE CONDI TI ONS

1. 7. 1   Envi r onment al  Requi r ement s

**************************************************************************
NOTE:   I ncl ude i nf or mat i on on t he physi cal  and 
envi r onment al  char act er i st i cs and l i mi t at i ons at  t he 
wor k s i t e e. g.  t emper at ur e,  i l l umi nat i on,  s l ope,  
wat er  dept h,  et c.

**************************************************************************

[_____]
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1. 7. 2   Exi st i ng Si t e Condi t i ons

**************************************************************************
NOTE:   I ncl ude i nf or mat i on on s i t e condi t i ons,  
r ef er ences t o document s and r epor t s about  s i t e 
condi t i ons,  and r equi r ement s f or  t he Cont r act or  t o 
obt ai n al l  l i t er ar y i nf or mat i on avai l abl e f or  s i t e 
pl anni ng and desi gn.   Thi s par agr aph shoul d i ncl ude 
t he need f or  sur f ace mappi ng,  subsur f ace 
expl or at i on,  hydr aul i c anal yses of  st r eams or  l akes,  
and al l  ot her  i nf or mat i on necessar y f or  successf ul  
desi gn and const r uct i on t hat  i s  not  pr ovi ded by t he 
Gover nment .   Al so not e t hat  l ack of  suppl y of  such 
i nf or mat i on by t he Gover nment  does not  r el i eve t he 
Cont r act or  of  any such necessar y r esear ch or  st udi es.

**************************************************************************

Submi t  a det ai l ed descr i pt i on of  t he exi st i ng s i t e condi t i ons pr i or  t o 
const r uct i on wor k i ncl udi ng but  not  l i mi t ed t o l i t er ar y r ef er ences,  s i t e 
v i s i t s,  publ i c or  pr i vat e r epor t s,  st udi es ( engi neer i ng,  ecol ogi cal ,  
envi r onment al ,  et c. )  and t opogr aphi c or  ot her  maps.   Submi t  [ _____]  copi es 
of  t hi s sur vey t o t he Cont r act i ng Of f i cer  [ _____]  days bef or e t he st ar t  of  
work.

1. 7. 3   Si t e Eval uat i on Pl an

**************************************************************************
NOTE:   Consi der  t he f ol l owi ng i t ems dur i ng s i t e 
eval uat i on and pr oj ect  pl anni ng t o i mpr ove t he 
success of  t he bi oengi neer ed st r uct ur e.   The i t ems 
bel ow ar e not  al l  i ncl usi ve f or  ever y s i t e.   Ot her  
eval uat i on f act or s may be r el evant  based on s i t e 
speci f i c  condi t i ons.

Do not  const r uct  bi oengi neer ed st r uct ur es:

-  wher e soi l  or  wat er  i s  cont ami nat ed wi t h compounds 
or  el ement s t hat  may damage l i ve veget at i on or  wher e 
di st ur bance may r esul t  i n expansi on of  t he ar ea of  
contamination,
-  at  l ocat i ons wi t h unst abl e s l opes t hat  can not  be 
mi t i gat ed as par t  of  const r uct i on,
-  wher e r obust  st abi l i zat i on st r uct ur es ar e r equi r ed 
f or  pr ot ect i on of  navi gat i on st r uct ur es,  l evees,  or  
embankments,
-  wher e damage of  t he st r uct ur e coul d pose a r i sk t o 
l oss of  l i f e or  pr oper t y,
-  wher e l ong- t er m mai nt enance and af t er  car e of  t he 
st r uct ur e and veget at i on i s not  desi r ed,  
- wher e c l i mat e or  hydr aul i c condi t i ons may t hr eat en 
est abl i shment  of  veget at i on,
-  wher e t he st r eambed i s degr adi ng and wher e such 
degr adat i on can not  be st opped by al t er i ng hydr aul i c 
condi t i ons of  t he st r eam or  by t he use of  har d ar mor ,
-  al ong st r eam banks or  shor el i nes subj ect ed t o hi gh 
wave act i on f r om st or ms or  wat er cr af t ,
-  i n ar eas subj ect  t o shade f r om ot her  pl ant  speci es 
t hat  may hi nder  gr owt h of  t he sel ect ed pl ant  speci es 
f or  t he st r uct ur e,
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-  i n ar eas wher e t he st r uct ur e may not  be secur ed 
f r om undesi r ed ani mal  or  human t r af f i c  and 
subsequent  damage.

Check wi t h l ocal ,  St at e,  and Feder al  agenci es t o 
ensur e al l  r egul at i ons ar e under st ood and f ol l owed.   
Do not  al t er  wet l and ar eas.

Know t he mean,  mean l ow,  mean hi gh,  mi ni mum,  and 
maxi mum wat er  el evat i ons of  t he st r eam,  r i ver ,  or  
l ake.   The def i ni t i ons of  wat er  l evel s may be 
def i ned i n t er ms of  hydr ol ogi c anal yses or  by 
obser vat i on of  s t r eam geomor phi c f eat ur es.

-  The maxi mum wat er  el evat i on shoul d be t he hi ghest  
wat er  possi bl e at  t he s i t e due t o st or m sur ges,  
waves,  f l oods,  or  wat er  st or age.   The el evat i on of  
debr i s associ at ed wi t h f l ood event s or  st or m waves 
on t he hi gh bank may be used f or  r ecent  hi gh wat er  
elevations.
-  The mean hi gh wat er  el evat i on i s t he aver age hi gh 
wat er  l evel  over  19 year s.   Thi s el evat i on i s 
t ypi cal l y  l ocat ed wher e t r ees and br ush ar e 
est abl i shed on t he hi gh bank of  t he channel .
-  The mean wat er  el evat i on i s t he aver age hei ght  of  
wat er  over  19 year s.   Thi s el evat i on t ypi cal l y  
cor r esponds t o t he ar ea wher e r eeds and smal l  shr ubs 
ar e pr esent  on t he l ow bank adj acent  t o t he st r eam 
channel  or  shor e.
-  The mean l ow wat er  el evat i on i s  t he aver age hei ght  
of  t he l ow wat er  over  19 year s.   Thi s wat er  l evel  i s  
char act er i zed by t he upper  ext ent  of  aquat i c pl ant s 
on t he bank or  swash zone at  t he t oe of  t he bank or  
shore.
-  The mi ni mum wat er  el evat i on may cor r espond t o t he 
mi ni mal  f l ow i n t he st r eam channel  or  l owest  
el evat i on of  a l ake due t o dr ought  or  human 
act i v i t i es such as i r r i gat i on or  wat er  st or age.   The 
mi ni mal  wat er  el evat i on may be t he bot t om of  t he 
st r eam channel  or  l ake i f  t hese wat er  bodi es may be 
compl et el y dr ai ned.

The desi gner  i s  advi sed t o modi f y  t hese def i ni t i ons 
and wat er  l evel  el evat i ons based on t he gr owi ng and 
dor mant  seasons f or  speci es of  veget at i on used i n 
const r uct i on t o ensur e est abl i shment ,  per f or mance,  
and sur vi vabi l i t y .   Det er mi ne t he amount  and r at e of  
change of  wat er  el evat i ons due t o nat ur al  or  human 
activities.

Det er mi ne t he possi bl e hei ght  of  waves,  di r ect i on,  
and f r equency due t o st or ms or  navi gat i on oper at i ons.

Det er mi ne t he changes i n cur r ent  vel oci t i es and f l ow 
di r ect i on due t o di f f er ent  st ages,  seasons,  or  st or m 
events.

Known t he sedi ment  l oad,  composi t i on,  s i ze,  and 
r at es of  deposi t i on or  er osi on at  t he s i t e.
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Know t he c l i mat e of  t he wor k ar ea.   Sever e f l oodi ng,  
dr ought ,  or  col d dur i ng const r uct i on or  i n t he 
f ut ur e may damage t he st r uct ur e.

Det er mi ne t he r equi r ement s f or  r egul ar  moni t or i ng 
and mai nt enance of  t he st r uct ur e t o ensur e pl ant  
sur vi val  and st r uct ur e per f or mance.

Speci f y t he need f or  and t he r ol e and 
r esponsi bi l i t i es of  a mul t i di sci pl i nar y t eam f or  
desi gn and pl anni ng,  const r uct i on,  and af t er  car e.

The si t e eval uat i on pl an may r equi r e l i t er ar y 
sear ches;  subsur f ace and sur f ace expl or at i on,  
sampl i ng,  and t est i ng;  sur f ace t opogr aphi c,  
geol ogi cal ,  bi ol ogi cal  mappi ng;  hydr aul i c 
engi neer i ng st udi es;  assessment  of  t he of  s i t e i n 
r el at i on t o r esi dences,  commer ci al  pr oper t y,  and 
bi ol ogi cal  communi t i es;  and i mpact  of  navi gat i on or  
wat er  st or age pr oj ect s on t he s i t e.   The r epor t  
shoul d cont ai n suf f i c i ent  i nf or mat i on t o det er mi ne 
i f  t he s i t e i s  v i abl e f or  t he pr oposed st r uct ur e and 
suf f i c i ent  i nf or mat i on f or  st r uct ur e dei gn and 
planning.

**************************************************************************

Fur ni sh a s i t e eval uat i on pl an st at i ng c l ear  and conci se pr oj ect  obj ect i ves 
and assessment  cr i t er i a of  t he v i abi l i t y  of  t he pr oposed st r uct ur e based on 
t he physi cal ,  chemi cal ,  bi ol ogi cal ,  pol i t i cal ,  and soci al  s i t e condi t i ons 
and aspect s.   Submi t  t he cont ent s of  t he pl an devel oped by t he Cont r act i ng 
Of f i cer  and t he Cont r act or  i n [ _____]  copi es of  t hi s pl an t o t he 
Cont r act i ng Of f i cer  [ _____]  days bef or e t he st ar t  of  wor k.   The pl an shoul d 
cont ai n suppor t i ng document at i on and st udi es,  whi ch i ncl ude but  ar e not  
l i mi t ed t o c l i mat e,  geol ogi cal ,  geot echni cal ,  hydr aul i c,  bot ani cal ,  
geomor phi c,  pr oj ect  cost  est i mat es,  and r egul at or y and per mi t t i ng 
r equi r ement s.   The si t e eval uat i on shal l  i ncl ude a r evi ew of  case hi st or i es 
of  bank st abi l i zat i on met hods at  ot her  s i mi l ar  s i t es,  r econnai ssance r epor t  
on s i t e condi t i ons and sui t abi l i t y  f or  bi oengi neer i ng st r uct ur es or  
met hods,  desi gn al t er nat i ves,  pot ent i al  pr obl ems,  and r ecommendat i ons f or  
t he t ypes and met hods of  bi oengi neer ed st r uct ur es i f  appl i cabl e t o s i t e 
condi t i ons and uses.   The pl an shal l  i ncl ude l i s t s  of  al l  appl i cabl e 
per mi t s and r egul at i ons and met hods of  compl i ance r el at ed t o const r uct i on.   
Submi t  l i s t  and copi es of  al l  r equi r ed and appr oved per mi t s f or  s i t e wor k 
and of  al l  r egul at i ons t hat  per t ai n t o s i t e wor k t o t he Cont r act i ng Of f i cer  
[ _____]  days bef or e t he st ar t  of  wor k.   The pl an shal l  i ncl ude a r epor t  
i dent i f y i ng t he speci es of  veget at i on and pl ant s t hat  wi l l  be used f or  
const r uct i on.   Ref er  t o TR-EL-97-8  f or  s i t e eval uat i on and pl anni ng 
gui dance.   The r epor t  shal l  i ncl ude but  not  be l i mi t ed t o:

Suppl y of  veget at i on,
Har vest  ar ea and pr ocedur es,
Ret ent i on of  exi st i ng veget at i on,
Shor t  and l ong- t er m i nt er act i on of  sel ect ed speci es wi t h exi st i ng 
vegetation,
I nt er act i on of  speci es wi t h exi st i ng st r uct ur es,
Ret ent i on or  el i mi nat i on of  nonnat i ve or  i nvasi ve speci es,
Per f or mance of  sel ect ed veget at i on i n t he pr oposed st r uct ur e,
Mai nt enance and r epl acement .
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1. 8   SEQUENCI NG AND SCHEDULI NG

**************************************************************************
NOTE:   Most  bi oengi neer ed st r uct ur es must  be 
compl et ed dur i ng t he per i od of  dor mancy of  pl ant  
gr owt h unl ess ot her wi se not ed.   St r uct ur es compl et ed 
out s i de of  t hi s dor mant  season wi l l  not  be accept ed 
by t he Gover nment  unl ess pr ovi ded wi t h speci f i c  
i nf or mat i on on t he need f or  such schedul e and 
sur vi vabi l i t y  of  pl ant  speci es used f or  
const r uct i on.   Local  r equi r ement s may l i mi t  
const r uct i on per i ods and must  be f ul l y  compl i ed wi t h 
and adher ed t o unl ess gr ant ed wai ver  r i ght s by t he 
appr opr i at e r egul at or y aut hor i t i es.   See par agr aph 
TI ME OF PLANTI NG i n PART 3 f or  addi t i onal  
information.

**************************************************************************

Conduct  al l  wor k [ dur i ng t he per i od of  pl ant  dor mancy]  [ as st at ed bel ow]  
and i n accor dance wi t h al l  Feder al ,  St at e,  and l ocal  r equi r ement s f or  
i n- st r eam or  near  st r eam const r uct i on.   The const r uct i on sequence shal l  
r esul t  i n successf ul  compl et i on of  t he st r uct ur e.   Submi t  a const r uct i on 
wor k sequence schedul e,  det ai l i ng t he wor k t asks and or der  of  compl et i on,  
t o t he Cont r act i ng Of f i cer  f or  appr oval  a mi ni mum of  [ 90]  [ _____]  days 
pr i or  t o t he st ar t  of  const r uct i on.   Wor k shal l  not  commence wi t hout  t he 
appr oval  of  t he schedul e and const r uct i on sequence by t he Cont r act i ng 
Of f i cer .   Const r uct i on shal l  not  occur  i f  c l i mat i c  condi t i ons t hr eat en t he 
sur vi vabi l i t y  of  pl ant s or  wor ker  saf et y.   Const r uct i on sequence schedul e .

1. 9   WARRANTY

**************************************************************************
NOTE:   The desi gner  shoul d consul t  wi t h t he 
manuf act ur er  t o ensur e pr oper  appl i cat i on and 
i nst al l at i on t echni ques f or  t he s i t e speci f i c  
pr oj ect  condi t i ons.   War r ant i es var y wi t h di f f er ent  
mat er i al s and may be voi d i f  pr oper  t echni cal  advi ce 
i s not  obt ai ned.   Seed ger mi nat i on i s not  cover ed 
under  t he war r ant y.

**************************************************************************

The st r uct ur e and al l  manuf act ur ed mat er i al s shal l  be under  Cont r act or  
war r ant y f or  a per i od of  [ 2]  year s i ncl udi ng veget at i on and ear t hwor ks.   
St one and r ock shal l  be under  war r ant y f r om decomposi t i on f or  [ 5]  year s.

1. 10   MAINTENANCE

**************************************************************************
NOTE:   Bi oengi neer ed st r uct ur es r equi r e obser vat i on 
and mai nt enance f or  up t o 5 year s af t er  i nst al l at i on 
t o ensur e t he veget at i on becomes est abl i shed.   
Obser vat i on shoul d be done on a weekl y basi s f or  t he 
f i r st  year  and bi mont hl y t her eaf t er  f or  t he second 
year  at  a mi ni mum.   A mi ni mal  l evel  of  accept abl e 
sur vi val  of  pl ant s shoul d be est abl i shed.   The 
Cont r act or  shoul d be r equi r ed t o r epl ace pl ant s t hat  
di e above t he al l ot t ed per cent age and ar ea of  
concent r at i on t hat  may adver sel y ef f ect  st r uct ur e 
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performance.
**************************************************************************

1. 10. 1   General

I ncl ude i n mai nt enance er adi cat i ng weeds;  pr ot ect i ng embankment s and 
di t ches f r om sur f ace er osi on;  mai nt ai ni ng t he per f or mance of  t he er osi on 
cont r ol  mat er i al s and mul ch;  r epl acement  of  dead or  non- vi abl e pl ant s;  
r epai r  of  soi l ,  s t one,  r ock,  or  har d st r uct ur es,  and pr ot ect i ng i nst al l ed 
st r uct ur es f r om human and ani mal  act i v i t i es.

1. 10. 2   Mai nt enance I nst r uct i ons

Fur ni sh wr i t t en i nst r uct i ons cont ai ni ng dr awi ngs and ot her  necessar y 
i nf or mat i on t o t he Cont r act i ng Of f i cer ,  descr i bi ng t he car e of  t he 
i nst al l ed mat er i al ;  and i ncl udi ng when and wher e mai nt enance shoul d occur  
and t he pr ocedur es f or  mat er i al  r epl acement .   Submi t  i nst r uct i on f or  
year - r ound car e of  i nst al l ed pr oduct s i ncl udi ng schedul e,  mat er i al s ,  and 
t asks.   I nst r uct i ons shal l  descr i be t he met hods f or  speci f i c  mai nt enance 
act i v i t i es and equi pment  and t ool s r equi r ed f or  such ef f or t s.   Requi r ement s 
on saf et y and r egul at i ons and per mi t s shal l  be i nc l uded.

PART 2   PRODUCTS

**************************************************************************
NOTE:   Consul t  l ocal  codes and r egul at i ons f or  
addi t i onal  i nf or mat i on t hat  may ef f ect  t he pr oj ect  
bef or e desi gn wor k begi ns.   The choi ce of  met hods 
and mat er i al s wi l l  be pr oj ect  speci f i c  and wi l l  be 
at  t he di scr et i on of  t he desi gner .   Edi t  t he 
speci f i cat i on choi ces of  pr oduct s t o best  sui t  t he 
needs of  t he pr oj ect .

**************************************************************************

2. 1   BINDERS

Submi t  cer t i f i cat i on f or  bi nder s showi ng EPA r egi st er ed uses,  t oxi c i t y 
l evel s,  and appl i cat i on hazar ds.   Pr i or  t o del i ver y of  mat er i al s,  submi t  
cer t i f i cat es of  compl i ance at t est i ng t hat  mat er i al s meet  t he speci f i ed 
r equi r ement s and cer t i f i ed copi es of  t he mat er i al  cer t i f i cat es.   Al l  
bi nder s shal l  be bi odegr adabl e and unt r eat ed hemp or  coi r  r ope or  
f ast ener s,  whi ch shal l  be abl e t o wi t hst and 2 year s mi ni mum exposur e t o t he 
envi r onment  of  pl acement  wi t hout  s i gni f i cant  degr adat i on i n st r engt h or  
qual i t y .   St eel  or  pl ast i c bi nder s or  f ast ener s shal l  not  be used.

2. 2   EROSI ON CONTROL I TEMS

**************************************************************************
NOTE:   Sever al  s t r uct ur es r equi r e t he appl i cat i on or  
i nt egr at i on of  er osi on cont r ol  pr oduct s.   These 
pr oduct s i ncl ude but  ar e not  l i mi t ed t o mul ch,  
st r aw,  hay,  shr edded bar k,  coi r ,  mul ch cont r ol  
net t i ng,  and er osi on cont r ol  mat s.   Pr oduct s 
sel ect ed f or  use shoul d be bi odegr adabl e and 
non- damagi ng t o t he envi r onment  i n whi ch t hey ar e 
pl aced.   Sedi ment  r et ent i on pr oduct s may al so be 
r equi r ed as par t  of  const r uct i on ef f or t s.   Ment i on 
t he speci f i c  needs and t ypes of  pr oduct s bel ow.

**************************************************************************
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Pr ovi de [ er osi on cont r ol  pr oduct s]  [ and]  [ sedi ment  cont r ol  st r uct ur es or  
pr oduct s] .   I nst al l  mat er i al s and st r uct ur es accor di ng t o manuf act ur er ' s 
r ecommendat i ons based on [ act ual  s i t e condi t i ons]  [ and]  [ as shown i n t he 
drawings].

2. 3   SEED

**************************************************************************
NOTE:   St at e- cer t i f i ed seed i s mor e st r i ngent l y 
moni t or ed t han St at e- appr oved seed,  and t her ef or e,  
mor e expensi ve.

**************************************************************************

Pr ovi de seed i n accor dance wi t h Sect i on 32 92 19 SEEDI NG.   
[ St at e- cer t i f i ed]  [ St at e- appr oved]  seed of  t he l at est  season' s cr op shal l  
be pr ovi ded i n or i gi nal  seal ed packages bear i ng t he pr oducer ' s guar ant eed 
anal ysi s f or  per cent ages of  mi xt ur e,  pur i t y,  ger mi nat i on,  har d seed,  weed 
seed cont ent ,  and i ner t  mat er i al .   Label s shal l  be i n conf or mance wi t h AMS 
Seed Act  and appl i cabl e St at e seed l aws.   Pr ovi de c l assi f i cat i on,  bot ani cal  
name,  common name,  per cent  pur e l i ve seed,  mi ni mum per cent  ger mi nat i on and 
har d seed,  maxi mum per cent  weed seed cont ent ,  and dat e t est ed.   Submi t  t he 
Seed Est abl i shment  Per i od cal endar  t i me f or  seed est abl i shment .   When t her e 
i s mor e t han one seed est abl i shment  per i od,  descr i be t he boundar i es of  t he 
seeded ar ea speci f i c  f or  each per i od.   Per manent  seed speci es and mi xt ur es 
shal l  be pr opor t i oned by wei ght  as f ol l ows:

Mi xt ur e Per cent  by
Weight

Per cent  Pur e Li ve
Seed

Bot ani cal  Name Common Name

[_____] [_____] [_____] [_____]

2. 4   PERMANENT VEGETATI ON SPECI ES AND MI XTURES

**************************************************************************
NOTE:   Li ve or  dead cut t i ngs f r om l ocal l y har vest ed 
st ock shoul d be speci f i ed i n t hi s  sect i on.   Nur ser y 
st ock may al so be used f or  desi gn pur poses or  i n 
ar eas wi t h l i mi t ed suppl i es of  cut t i ngs at  or  near  
t he wor k s i t e.   Nur ser y st ock has a hi gher  chance of  
sur vi val  due t o devel oped r oot  syst ems but  may add 
cost  t o t he pr oj ect .

The sel ect i on of  t he appr opr i at e veget at i on speci es 
f or  t he s i t e shoul d be made by consul t at i on wi t h a 
qual i f i ed geot echni cal  engi neer ,  hydr aul i c engi neer ,  
bi ol ogi st ,  and bot ani st  based on s i t e condi t i ons,  
st abi l i t y  r equi r ement s,  desi r ed habi t at  cr eat i on,  
and bl endi ng abi l i t y  wi t h sur r oundi ng veget at i on.   
The soi l  t ypes,  hydr aul i c condi t i ons and 
r equi r ement s,  and abi l i t y  of  t he sel ect ed speci es t o 
sur vi ve i n t he wor k ar ea must  be det er mi ned and 
consi der ed i n speci es sel ect i on.   Sel ect ed speci es 
shoul d i mpr ove or  enhance sl ope st abi l i t y  and shoul d 
be f l exi bl e and of  l ow hei ght  at  mat ur i t y t o al l ow 
maxi mum conveyance of  wat er  i n t he channel .

At  some si t es,  nonnat i ve speci es may be mor e 
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appr opr i at e due t o changed si t e condi t i ons or  
al t er at i ons by nat ur al  or  human act i v i t i es.   Nat i ve 
speci es may not  be abl e t o sur vi ve i n such 
al t er nat ed set t i ngs.   For  r est or at i on pr oj ect s,  
non- nat i ve or  i nt r usi ve speci es may need t o be 
r emoved bef or e pl ant i ng nat i ve speci es t o r educe 
compet i t i on f or  r esour ces and t o i mpr ove t he 
sur vi vabi l i t y  of  t he nat i ve pl ant s.   Pl ant  speci es 
shoul d be col l ect ed f r om t he same wat er shed and near  
t he wor k s i t e t o pr event  t he i mpor t  of  di f f er i ng 
genet i c st ai ns i nt o t he pr oj ect  ar ea.

Woody veget at i on t hat  mat ur es t o have t r unk 
di amet er s gr eat er  t han f our  i nches shoul d not  be 
used.   Such speci es when mat ur e pose a t hr eat  of  
scour  t o t he bank down st r eam of  t he t r unk dur i ng 
hi gh f l ow event s.   I n addi t i on,  t hese speci es may 
devel op ext ensi ve r oot  syst em t hat  may damage t he 
st r uct ur e when t he t r ee di es and r ot at es i nt o t he 
st r eam or  l ake.   I n t hi s case,  t he r oot  wad 
t ypi cal l y  r emoves a l ar ge amount  of  soi l  as i t  i s  
pul l ed f r om t he bank.   The r esul t i ng hol e may be 
subj ect  t o scour  and r esul t  i n st r uct ur e damage or  
f ai l ur e dur i ng moder at e or  hi gh f l ow event s.

Sedi ment at i on t ypes and deposi t i onal  r at es shoul d be 
det er mi ned.   Some st r eams may t r anspor t  sedi ment  
t hat  may abr ade or  br eak veget at i on.   Al t er nat i vel y,  
l ar ge amount s of  sedi ment  may be deposi t ed at  t he 
s i t e and cover  veget at i on.   The combi ned ef f ect  of  
t he t r appi ng of  l ar ge amount s of  sedi ment  by t he 
sel ect ed veget at i on speci es may r esul t  i n t he 
accr et i on of  sedi ment  ont o t he bank.   Whi l e t hi s 
accr et i on of  mat er i al  pr ovi des addi t i onal  bank 
pr ot ect i on i n t he shor t  t er m,  t he l ong t er m ef f ect s 
may be l ar ge bank f ai l ur es due t o t he added wei ght  
of  t he sedi ment  on t he bank.   The st r uct ur e may be 
damaged or  dest r oyed i f  t he f ai l ur e pl ane cut s t he 
st r uct ur e.   Ther ef or e t he veget at i on speci es i n such 
ar eas shoul d al l ow adequat e wat er  f l ow t hr ough t he 
veget at i on t o r educe t he amount  of  sedi ment  t hat  
accumul at es at  t he s i t e.

On banks down st r eam of  wat er  st or age pr oj ect ,  
sel ect ed veget at i on shoul d be abl e t o sur vi ve or  
r ecover  r api dl y i n t he event  wat er  l evel s must  
r emai n at  el evat ed l evel s f or  an ext ended per i od of  
t i me due t o f l ood or  navi gat i on r el eases.

Pr ovi de speci f i cs on qual i t y  r equi r ement s.
**************************************************************************

Submi t  c l assi f i cat i on,  bot ani cal  name,  common name,  har vest  l ocat i on,  pl ant  
heat h,  and dat e t est ed,  ( l i ve or  dead cut t i ngs,  nur ser y st ock,  pl ant s) .   
Per manent  veget at i on t ype and pl ant i ng pl an,  speci es and mi xt ur es f or  [ l i ve 
and dead cut t i ngs]  [ and]  [ nur ser y st ock]  [ and]  [ her baceous pl ant s]  shal l  be 
as f ol l ows:
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Mi xt ur e Per cent  by
Volume

Per cent  Li ve and Dead Bot ani cal  Name Common Name

[_____] [_____] [_____] [_____]

Weed seed or  noxi ous pl ant s shal l  be a maxi mum of  1 per cent  by wei ght  of  
t he t ot al  seed mi xt ur e.   [ Undesi r ed] ,  [ non nat i ve]  [ and]  [ or ]  i nvasi ve 
veget at i on speci es shal l  not  be al l owed.   Al l  l i ve cut t i ngs and 
cont ai ner i zed pl ant i ngs shal l  be capabl e of  gr owt h and r oot i ng and f r ee of  
di sease or  def ect s at  t he t i me of  i nst al l at i on.

2. 5   STAKES

St akes shal l  be 100 per cent  bi odegr adabl e mat er i al s and shal l  be desi gned 
t o saf el y and ef f ect i vel y secur e er osi on cont r ol  bl anket s,  coi r  l ogs,  
f asci nes,  and ot her  bi oengi neer ed st r uct ur es f or  t empor ar y or  per manent  
appl i cat i ons.   The bi odegr adabl e st akes shal l  be f ul l y  degr adabl e by 
bi ol ogi cal  act i v i t y [ wi t hi n 2 year s] .   The st akes must  exhi bi t  ampl e 
r i gi di t y t o enabl e bei ng dr i ven i nt o har d gr ound,  wi t h suf f i c i ent  
f l exi bi l i t y  t o r esi st  shat t er i ng.

2. 6   STAPLES

Do not  use met al  or  pl ast i c st apl es.

2. 7   SYNTHETI C GRI D AND SHEET SYSTEMS

Do not  use synt het i c gr i d and sheet  syst ems.

2. 8   CRUSHED ROCK,  GRAVEL,  SAND,  STONE,  RI PRAP,  and BACKFI LL

The qual i t y  of  r ock,  gr avel ,  sand,  st one,  r i pr ap,  and backf i l l  shal l  be i n 
accor dance wi t h r equi r ement s i n Sect i on 31 00 00 EARTHWORK and Sect i on 
35 31 19 STONE,  CHANNEL,  SHORELI NE/ COASTAL PROTECTI ON FOR STRUCTURES.   
Mat er i al s not  meet i ng speci f i ed r equi r ement s shal l  be r ej ect ed and 
i mmedi at el y r epl aced by sui t abl e mat er i al  at  no cost  t o t he Gover nment .

2. 9   WATER

Wat er  f or  i r r i gat i on,  soaki ng of  pl ant s and cut t i ngs,  and dust  cont r ol  
shal l  be t he r esponsi bi l i t y  of  t he Cont r act or .   Wat er  shal l  be c l ean,  f r ee 
of  cont ami nat es,  and have a t ur bi dl y of  l ess t han 20 NTU.   Wat er  shal l  be 
f r om [ a publ i c sour ce of  know qual i t y ]  [ l ocal  sur f ace wat er  sour ce]  [
gr oundwat er  wel l ]  near  t he wor k s i t e.   [ Test  wat er  obt ai ned f r om non publ i c 
sour ces f or  qual i t y  i n accor dance wi t h par agr aph MATERI AL TESTI NG 
REQUIREMENTS.]

2. 10   FENCING

**************************************************************************
NOTE:   Per manent  or  t empor ar y f enci ng may be 
r equi r ed ar ound wor k s i t es t o pr event  vandal i sm and 
damage t o newl y pl ant ed veget at i on by l i vest ock,  
ani mal ,  or  human act i v i t i es.   Fenci ng may be 
t empor ar y or  per manent .   Speci f y t empor ar y f enci ng 
such as pl ast i c const r uct i on f ence,  snow f ence,  or  
r ent al  f ence bel ow.   Use Sect i on 32 31 26 WI RE 
FENCES AND GATES or  32 31 13 CHAI N LI NK FENCES AND 
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GATES t o speci f y  per manent  wi r e and chai n l i nk 
f abr i c f ences and gat es i f  r equi r ed.

**************************************************************************

[ Al l  f enci ng shal l  be i n accor dance wi t h Sect i on [ 32 31 26 WI RE FENCES AND 
GATES] [ 32 31 13 CHAI N LI NK FENCES AND GATES] . ]   Fenci ng shal l  be t empor ar y 
and consi st  of  [ _____]  f ence.   Fenci ng shal l  be secur ed t o [ wood]  [ met al  
T- pol es]  t hat  ar e dr i ven 600 mm 2 f eet  i nt o t he gr ound and ext end 1. 2 m 4 
f eet  above t he f i ni sh gr ade.   I nst al l  f enci ng [ at  t he st ar t  of  wor k]  [ af t er  
const r uct i on] .   Fenci ng shal l  r emai n i n pl ace [ unt i l  veget at i on i s 
est abl i shed]  [ f or  3 year s] .

2. 11   IRRIGATION

**************************************************************************
NOTE:   Si t es may r equi r e ext ended per i ods of  
i r r i gat i on t o ensur e veget at i on est abl i shment .   
I r r i gat i on syst ems may be on t he sur f ace or  
under gr ound.   Wat er  r et ent i on i n t he st r uct ur e i n 
ar i d r egi ons may be ai ded by t he use of  super  
absor bent  pol ymer s.   Edi t  t hi s speci f i cat i on f or  
pr oduct s t hat  may be used wi t h open t r ench 
irrigation.

Some si t es may be r emot e and may not  have el ect r i cal  
or  wat er  suppl i es avai l abl e.   I n t hi s case,  t he 
desi gner  shoul d i ncl ude pr oduct s f or  sol ar  power ,  
wat er  t anks,  or  met hods such as dai l y wat er i ng by 
wat er  t r uck.

**************************************************************************

[ Al l  under gr ound i r r i gat i on shal l  conf or m t o Sect i on 32 84 24 I RRI GATI ON 
SPRI NKLER SYSTEMS or  as appr oved by t he Gover nment . ]   Pr ovi de t he f ol l owi ng 
pr oduct s and mat er i al s f or  i r r i gat i on.

Product Manufacturer Quantity Purpose

[_____] [_____] [_____] [_____]

2. 12   FERTI LI ZER,  PESTI CI DE,  HERBI CI DE

**************************************************************************
NOTE:   Edi t  t hi s  par agr aph as r equi r ed.   Fer t i l i zer ,  
pest i c i de,  and her bi c i de may be r equi r ed f or  t he 
const r uct i on,  est abl i shment ,  and mai nt enance of  
bi oengi neer ed st r uct ur es.   The desi gner  wi l l  consul t  
wi t h a qual i f i ed bot ani st ,  bi ol ogi st ,  l andscape 
engi neer ,  and r egul at or y agenci es bef or e sel ect i ng 
t he use of  or  t ype of  f er t i l i zer ,  pest i c i de,  or  
her bi c i de f or  appl i cat i on at  t he s i t e.   Pr oduct s,  i f  
sel ect ed f or  use,  shoul d not  pose a t hr eat  t o wat er  
qual i t y  or  t he envi r onment .   Pest i c i des and 
her bi c i des wi l l  onl y be used when absol ut el y 
necessar y.   Use of  bi ol ogi cal  met hods f or  pest  or  
pl ant  cont r ol  i s  encour aged.   Pr ovi de speci f i c  
pr oduct  names,  manuf act ur er ,  met hod and 
concent r at i on of  appl i cat i on,  and ot her  r equi r ed 

SECTI ON 31 32 39  Page 24



pr oduct  i nf or mat i on bel ow.
**************************************************************************

Pr ovi de t he f ol l owi ng pr oduct s and mat er i al s.

Product Manufacturer Quant i t y/  Appl i cat i on Purpose

[_____] [_____] [_____] [_____]

2. 13   MATERI AL TESTI NG

**************************************************************************
NOTE:   Edi t  t hi s  sect i on as r equi r ed.   Pr ovi de 
speci f i c  met hods,  pr ocedur es,  sampl e number s,  t est ,  
and t he l i ke.

The Cont r act or  shoul d col l ect  sampl es of  sel ect  f i l l  
and s i t e soi l s  f or  physi cal  and chemi cal  anal yses t o 
ensur e t hese mat er i al s ar e appr opr i at e f or  gr owt h of  
t he sel ect ed pl ant  speci es.   Ref er  t o speci f i c  soi l  
r equi r ement s needed f or  heal t hy pl ant  gr owt h t o 
compl et e t hi s sect i on.   I mpor t ed soi l  or  sel ect  f i l l  
must  be t est ed t o ensur e t he mat er i al  i s  f r ee of  
seeds or  r oot  st ocks of  non nat i ve or  i nvasi ve 
speci es or  det r i ment al  bi ol ogi cal  or gani sms.

Soi l  sampl es f r om t he sur f ace and subsur f ace of  t he 
s i t e shoul d be col l ect ed f or  geot echni cal  and 
chemi cal  anal yses.   Geot echni cal  t est  par amet er s 
shoul d be at  a mi ni mum gr ai n s i ze wi t h hydr omet er ,  
moi st ur e cont ent ,  densi t y,  and At t er ber g l i mi t s as 
r equi r ed.   Test i ng of  s i t e soi l s  and sel ect  f i l l  f or  
per meabi l i t y ,  consol i dat i on,  and soi l  s t r engt h may 
al so be r equi r ed dependi ng of  s i t e condi t i ons and 
sel ect ed st r uct ur e.   Soi l  sampl es shoul d be 
col l ect ed t o conf i r m t hat  soi l s  at  t he s i t e ar e not  
cont ami nat ed wi t h hazar dous,  t oxi c,  or  r adi oact i ve 
compounds t hat  woul d r equi r e speci al  handl i ng.

Sampl es of  sur f ace and gr oundwat er  shoul d be 
col l ect ed t o ver i f y t hat  seepage i nt o t he st r eam or  
wat er  body at  t he wor k s i t e i s  not  cont ami nat ed wi t h 
compounds t hat  wi l l  endanger  pl ant  sur vi val  or  pose 
a hazar d t o human heal t h and t he envi r onment .   Wat er  
t hat  i s  not  obt ai ned f r om a publ i c sour ce shoul d be 
t est ed f or  bi ol ogi cal  and chemi cal  cont ami nat es.

Speci f y anal yt i cal  l abor at or i es f or  anal yses,  t ur n 
ar ound t i me f or  sampl es,  and hol di ng t i mes f or  
chemi cal  sampl es.

The soi l  and wat er  sampl es must  be col l ect ed and 
anal yzed a mi ni mum of  120 days bef or e t he st ar t  of  
const r uct i on.   The anal yt i cal  r esul t s must  be 
r evi ewed by t he Cont r act i ng Of f i cer  bef or e wor k 
cont i nues at  t he s i t e.   I f  hazar dous compounds or  
chemi cal s ar e di scover ed,  t hen t he wor k wi l l  be 
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t er mi nat ed.    Al l  t est i ng must  be per f or med by USACE 
val i dat ed l abor at or i es.

Sever al  di f f er ent  t ypes of  sampl es and t est s may be 
r equi r ed dependi ng on st r uct ur e desi gn,  
const r uct i on,  and l ocat i on.   Soi l  sampl es shoul d be 
col l ect ed f or  geot echni cal  anal yses f or  gr ai n s i ze,  
moi st ur e cont ent ,  densi t y,  At t er ber g l i mi t s,  
compact i on,  shear  st r engt h,  and pH.   Soi l  at  t he 
s i t e and f i l l  t hat  may be i mpor t ed shoul d al so be 
t est ed f or  t hese par amet er s.   The chemi st r y of  t he 
soi l  shoul d be t est ed t o ensur e t he soi l  wi l l  
suppor t  veget at i on gr owt h and i s f r ee of  
cont ami nat es.   Soi l  shoul d be t est ed f or  del et er i ous 
mi cr oor gani sms t hat  coul d i ncr ease pl ant  mor t al i t y .   
Sur f ace and gr oundwat er  shoul d be sampl ed f or  
chemi st r y and qual i t y .

**************************************************************************

Submi t  cer t i f i ed r epor t s of  i nspect i ons and l abor at or y t est s,  pr epar ed by 
an i ndependent  t est i ng agency,  i ncl udi ng anal ysi s and i nt er pr et at i on of  
t est  r esul t s.   Each r epor t  shal l  be pr oper l y i dent i f i ed.   Test  met hods used 
and compl i ance wi t h r ecogni zed t est  st andar ds shal l  be descr i bed. Col l ect  
sampl es of  soi l  and wat er  at  and f or  use at  t he s i t e,  col l ect ed at  t he 
l ocat i ons as shown i n t he dr awi ngs and at  sour ce l ocat i ons f or  t he 
mat er i al s or  wat er .   Col l ect  t hese sampl es and t est  as speci f i ed bel ow.

Sample Location Number Test  Met hod Col l ect i on Met hod

[_____] [_____] [_____] [_____] [_____]

PART 3   EXECUTI ON

3. 1   SI TE VERI FI CATI ON OF CONDI TI ONS

Coor di nat e,  t hr ough t he wor k schedul e,  t he t i mi ng of  l and di st ur bi ng 
act i v i t i es wi t h t he pr ovi s i on of  er osi on cont r ol  measur es.   An er osi on 
cont r ol  pl an wi l l  be r equi r ed i n accor dance wi t h appl i cabl e Feder al ,  St at e,  
or  l ocal  r equi r ement s.   Per f or m er osi on cont r ol  oper at i ons under  f avor abl e 
weat her  condi t i ons.   When excessi ve moi st ur e,  f r ozen gr ound,  or  ot her  
unsat i sf act or y condi t i ons pr evai l ,  s t op t he wor k as di r ect ed.   When speci al  
condi t i ons war r ant  a var i ance t o ear t hwor k oper at i ons,  a r evi sed 
const r uct i on schedul e shal l  be submi t t ed f or  appr oval .   Bi oengi neer i ng 
mat er i al s shal l  not  be appl i ed i n adver se weat her  condi t i ons,  whi ch coul d 
af f ect  t hei r  per f or mance.   Compl et e al l  t asks necessar y f or  t he r equi r ed 
submittals.

3. 2   SI TE PREPARATI ON

3. 2. 1   Tempor ar y Const r uct i on Faci l i t i es

**************************************************************************
NOTE:   Access r oads or  pat hs may need t o be 
per manent  t o al l ow ease i n f ut ur e moni t or i ng and 
mai nt enance.   I f  such access i s r equi r ed,  pr ovi de 
r equi r ement s or  r ef er ences t o appr opr i at e 
speci f i cat i ons bel ow.
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**************************************************************************

Est abl i sh access r out es t o t he const r uct i on s i t e pr i or  t o t he st ar t  of  wor k 
and show t hem on t he dr awi ngs.   Al l  t empor ar y const r uct i on f aci l i t i es shal l  
be i n accor dance wi t h Sect i on 01 50 00 TEMPORARY CONSTRUCTI ON FACI LI TI ES 
AND CONTROLS.   Pr ovi de access t o t he wor k s i t e and har vest  ar ea by 
[ t empor ar y]  [ per manent ]  [ r oads]  [ and]  [ pat hs]  desi gned f or  [ mot or i zed 
vehi c l es]  [ and]  [ pedest r i an access]  i f  accept abl e and i n accor dance wi t h 
r egul at i ons and pr oper t y owner  r est r i c t i ons and per mi ssi on.   Sel ect  access 
met hods t hat  have t he l east  i mpact  on exi st i ng s i t e condi t i ons and t hat  may 
be easi l y r emoved and r est or ed upon t he compl et i on of  wor k.   Pr ovi de st r i c t  
access cont r ol  t o t he wor k and har vest i ng s i t es t o pr event  access by 
non- aut hor i zed per sonnel .   I nst al l  [ access gat es]  [ bar r i cades]  at  t he 
ent r ances of  t empor ar y [ r oads]  [ pat hs]  t o t he s i t es.   [ These gat es shal l  be 
secur ed wi t h a keyed l ock and shal l  r emai n c l osed at  al l  t i mes when 
per sonnel  ar e not  pr esent  at  t he gat es f or  access.   Pr ovi de dupl i cat e keys 
f or  t he l ock t o t he Cont r act i ng Of f i ce,  l andowner ,  aut hor i zed r egul at or y 
per sonnel ,  and f i r e and l aw enf or cement  as r equi r ed. ]   [ Pl ace appr opr i at e 
s i gnage on t he gat es t hat  c l ear l y  speci f y s i t e access i s r est r i c t ed. ]

3. 2. 2   Cl ear i ng and Gr ubbi ng

The access r out e and const r uct i on s i t e shal l  be c l ear ed of  veget at i on 
necessar y f or  t he const r uct i on of  t he bi oengi neer ed st r uct ur e or  st agi ng 
ar ea i n accor dance wi t h Sect i on 31 11 00 CLEARI NG AND GRUBBI NG.   Ef f or t s 
wi l l  be made t o sal vage veget at i on sui t abl e f or  use i n t he bi oengi neer ed 
structure.

3. 2. 3   Er osi on and Sedi ment  Cont r ol

I nst al l  er osi on and sedi ment  cont r ol  measur es pr i or  t o act i ve const r uct i on 
ef f or t s t o pr event  er osi on of  soi l  and of f s i t e r el eases of  sedi ment .   

3. 2. 4   Earthwork

**************************************************************************
NOTE:   Mi nor  or  ext ensi ve ear t hwor k may be r equi r ed 
as par t  of  t he const r uct i on of  t he bi oengi neer ed 
st r uct ur e.   Thi s speci f i cat i on onl y i ncl udes t he 
r equi r ement s f or  mi nor  ear t hwor ks f or  t r ench 
excavat i ons and soi l  r ougheni ng.   Di mensi ons f or  
mi nor  ear t hwor ks ar e pr ovi ded i n t he speci f i c  
bi oengi neer i ng met hod sect i ons bel ow.   Si t e gr adi ng,  
shapi ng,  or  t r enchi ng f or  dr ai ns and ut i l i t i es,  and 
mat er i al  t ypes and gr adat i ons shoul d be i ncl uded i n 
Sect i on 31 00 00 EARTHWORK.

**************************************************************************

The [ st r eam bank]  [ shor el i ne]  shal l  be s l oped and gr aded [ i n accor dance t o 
Sect i on 31 00 00 EARTHWORK]  [ and]  [ as shown on t he dr awi ngs] .

3. 2. 4. 1   Trenches

Unl ess ot her wi se st at ed,  t r enches shal l  be t o t he dept h,  wi dt h,  and l i ne as 
shown on t he dr awi ngs.   Si de s l opes,  unl ess ot her wi se i ndi cat ed,  shal l  be 
at  t he angl e of  r epose.   Mat er i al  r emoved f r om t he t r ench shal l  be [ used as 
backf i l l ]  [ r emoved f r om t he s i t e] .   [ Tr enches shal l  be backf i l l ed wi t h 
sel ect  f i l l ] .   [ The f l oor  of  t he t r ench shal l  be compact ed t o 90 per cent  
maxi mum dr y densi t y and smoot h. ]   Pl ace backf i l l  i n 150 mm 6 i nch l i f t s  
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compact ed [ t o 80 t o 90 per cent  maxi mum dr y densi t y ]  [ suf f i c i ent l y t o 
i mpr ove soi l  densi t y but  not  i mpede veget at i on r oot  gr owt h] .   [ Tr enches 
shal l  be keyed i nt o t he st r eam bank f or  a di st ance of  3 f eet ] .   [ Shor i ng 
shal l  be i nst al l ed [ i f  t he t r ench exceeds 1 m 3 f eet  i n dept h]  [ as r equi r ed 
by r egul at i ons] ] .   [ The Cont r act or  i s  r esponsi bl e f or  dewat er i ng of  
t r enches f or  const r uct i on pur poses. ]

3. 2. 4. 2   Fi ni shed Gr ade

Fi ni sh gr ade shal l  be smoot h and as shown on t he dr awi ngs and i n accor dance 
wi t h Sect i on 31 00 00 EARTHWORK.

3. 2. 4. 3   Sur f ace Rougheni ng

**************************************************************************
NOTE:   Sur f ace r ougheni ng shoul d be per f or med on al l  
s l opes wi t h exposed ear t h t hat  ar e gr eat er  t han 
3H: 1V.   Sur f ace r ougheni ng r educes sur f ace r unof f  
vel oci t i es and pr ovi des depr essi ons t hat  col l ect  
sedi ment ,  seed,  and wat er ,  t her eby i mpr ovi ng 
veget at i on est abl i shment  on t he s l ope.   Rougheni ng 
may be accompl i shed by t r aver si ng t he sur f ace wi t h 
t r ack- mount ed equi pment ,  manual  ef f or t s such as hand 
r aki ng,  or  t er r aci ng of  t he s l ope dur i ng excavat i on 
or  t he pl acement  of  f i l l .   The met hod of  r ougheni ng 
may var y dependi ng i f  t he s l ope i s a new cut  or  f i l l  
sur f ace or  an exi st i ng or  gr aded sl ope.   Sur f ace 
r ougheni ng shoul d not  cr eat e r i dges or  depr essi on 
t hat  hi nder  t he mowi ng of  s l opes t hat  ar e 3H: 1V or  
less.

**************************************************************************

The sur f aces of  al l  bar r en s l opes r el at ed t o wor k ef f or t s shal l  be 
r oughened by [ equi pment ]  [ and]  [ manual  ef f or t s]  t o r educe er osi on and 
pr omot e t r appi ng of  seed,  wat er ,  and sedi ment .   Al l  l i f t s  shal l  be 
compact ed as speci f i ed i n Sect i on 31 00 00 EARTHWORK.   [ The sur f aces of  t he 
l i f t s  shal l  be cover ed wi t h l oosel y compact ed soi l  t o a dept h of  100 mm 4 
i nches. ]   [ Tr ack- mount ed equi pment  shal l  t r aver se t he s l ope f r om t he t oe t o 
t he cr est  t o pl ace t r ack i mpr i nt s par al l el  t o t he cont our s of  t he s l ope. ]

a.   [ Sl opes on new cut  f aces gr eat er  t han 3H: 1V shal l  be r oughened by 
st ai r - st ep cut s i nst al l ed dur i ng const r uct i on.   The f aces of  t he st eps 
shal l  not  exceed 600 mm 2 f eet  i n hei ght  i n sof t  mat er i al  or  900 mm 3 
f eet  i n hei ght  i n har d mat er i al .   The hor i zont al  spaci ng bet ween t he 
ver t i cal  f aces shal l  not  be l ess t han t he ver t i cal  hei ght  of  t he st ep. ]

b.   [ Sl opes on new f i l l  gr eat er  t han 3H: 1V shal l  be r oughened by t he 
i nst al l at i on of  l i f t s  of  compact ed soi l  t hat  shal l  not  exceed 200 mm 8 
i nches i n t hi ckness. ]

c.   [ The exi st i ng s l ope of  gr aded ar eas shal l  be r oughened by t i l l i ng,  
di ski ng,  har r owi ng and seedi ng,  or  ot her  sui t abl e met hod or  equi pment  
t o pr oduce r i dges and depr essi ons i n t he sur f ace of  t he s l ope,  whi ch 
ar e par al l el  t o t he cont our s of  t he s l ope.   These r i dges and 
depr essi ons shal l  not  exceed 25 mm 1 i nch i n dept h or  hei ght  above t he 
gr ade sur f ace and shal l  be spaced no mor e t han 250 mm 10 i nches apar t . ]

d.   The f i nal  r oughened sur f ace shal l  not  be smoot hed by bl adi ng or  
scr api ng.   Al l  l ar ge soi l  c l umps shal l  be br oken i nt o smal l  c l umps not  
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mor e t han 50 mm 2 i nches i n di amet er  and di sper sed on t he i mmedi at e 
sur f ace.   Mounds or  depr essi ons of  soi l  t hat  ar e gr eat er  i n hei ght  or  
dept h t han t hose pr oduced by t he met hod of  r ougheni ng shal l  be cut  or  
f i l l ed wi t h sui t abl e mat er i al  t o gr ade and shal l  be r oughened t o mat ch 
t he adj acent  sur f ace.   Depr essi ons of  dept h gr eat er  t han 150 mm 6 i nches
 shal l  be backf i l l ed wi t h compact ed sui t abl e mat er i al  unt i l  r eachi ng 
t he desi gn gr ade of  t he s l ope and r oughened.   Sand or  s i l t y  sand shal l  
not  be compact ed t o a densi t y t hat  may pr event  veget at i on pl ant i ng and 
gr owt h.   Roughened ar eas shal l  be seeded,  pl ant ed,  or  cover ed wi t h 
er osi on cont r ol  pr oduct s [ i mmedi at el y af t er  r ougheni ng]  [ wi t hi n [ _____]  
days af t er  compl et i on of  r ougheni ng] .

3. 3   FI RE PREVENTI ON

Al l  ef f or t s possi bl e shal l  be t aken t o pr event  f i r e at  t he wor k s i t e and 
har vest  ar ea as a di r ect  r esul t  of  wor k ef f or t s.   Fi r e pr event i on or  
suppr essi on equi pment  shal l  be pr ovi ded t o per sonnel  at  t he wor k and 
har vest  s i t es.   Al l  equi pment  shal l  be i n compl i ance wi t h appl i cabl e 
r egul at i ons and shal l  be kept  i n wor ki ng condi t i on at  al l  t i mes and wi t hi n 
no mor e t han 5 m 15 f eet  di st ant  f r om t he act i ve wor k ar eas.

3. 4   SANITATION

Pr ovi de adequat e por t abl e sani t at i on f aci l i t i es f or  per sons at  t he 
const r uct i on and har vest  s i t es t hat  ar e i n compl i ance wi t h al l  Feder al ,  
St at e,  and l ocal  r equi r ement s.

3. 5   HARVESTI NG OF VEGETATI ON

**************************************************************************
NOTE:   Most  pl ant s f or  bi oengi neer i ng st r uct ur es 
const r uct ed near  wat er  ar e wet l and pl ant s except  f or  
speci es used f or  t he veget at i on of  hi gh bank ar eas.   
Woody pl ant s or  her baceous pl ant s may be used and 
shoul d be somewhat  f l ood t ol er ant .   Har vest i ng may 
i ncl ude t he col l ect i on of  woody pl ant s,  her baceous 
pl ant s,  or  s i ngl e or  c l ump pl ant i ngs.   Veget at i on 
shoul d be har vest ed f r om l ocal  sour ces and nat i ve 
pl ant  speci es near  t he const r uct i on s i t e.   The need 
t o obt ai n veget at i on f r om di st ant  sour ces shoul d be 
eval uat ed i n t er ms of  cost  and t he r i sk of  
i nt r oduci ng f or ei gn genet i c mat er i al  i nt o t he 
wat er shed i n whi ch wor k occur s.   Veget at i on shoul d 
be obt ai ned when at  al l  possi bl e f r om t he same 
wat er shed i n whi ch t he wor k wi l l  occur .   Ot her  
st abi l i zat i on met hods may be mor e appr opr i at e f or  
t he s i t e due t o hi gh t r anspor t at i on and handl i ng 
costs.

Si t e har vest i ng shal l  r equi r e t he cut t i ng of  
exi st i ng veget at i on f or  l i ve and dead st akes,  pol es,  
or  cut t i ngs,  col l ect i on of  r oot s or  t uber s,  or  
excavat i on of  pl ant s wi t h r oot  mat s i nt act .   The 
har vest  s i t e must  not  be over  har vest ed and must  be 
r est or ed as much as r easonabl y possi bl e af t er  
har vest  wor k i s compl et ed.   The number  and l ocat i on 
of  t he veget at i on t hat  may be har vest ed shal l  be 
det er mi ned bef or e const r uct i on by a qual i f i ed 
bot ani st  or  f or est  engi neer .
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**************************************************************************

3. 5. 1   Har vest i ng of  Woody Pl ant s

**************************************************************************
NOTE:   Woody pl ant s consi st  of  st em cut t i ngs t hat  
qui ckl y spr out  r oot s and st ems f r om t he par ent  
st em.   These pl ant s ar e t ypi cal l y  wi l l ow and per haps 
some speci es of  dogwood and al der .   Nur ser y st ock 
wi t h est abl i shed r oot s may al so be used.

The l engt h of  t he har vest ed veget at i on wi l l  var y 
wi t h s i t e condi t i ons and st r uct ur e desi gn.   I n 
gener al ,  st akes and pol es shoul d ext end at  l east  300 
mm 1- f oot  above t he t op of  st r uct ur e.   Cut t i ngs 
shoul d ext end at  l east  300 mm 1- f oot  beyond t he edge 
of  a st r uct ur e or  600 mm 2 f eet  above t he gr ound 
sur f ace.   The act ual  l engt hs of  t he st akes or  pol es 
shal l  be based on t he dept h of  soi l  f r om t he sur f ace 
t o t he mi d summer  capi l l ar y zone or  wat er  t abl e.   
For  gui dance,  t he mi ni mum l engt h i s t hr ee f eet .   The 
di amet er s f or  t he base of  cut t i ngs and st akes may 
r ange f r om 19 t o 38 mm 3/ 4 t o 1. 5 i nches and shoul d 
be of  suf f i c i ent  di amet er  t o r esi st  buckl i ng when 
dr i ven i nt o t he st r eambed or  bank.   Li ve pol es may 
r ange f r om 50 t o 100 mm 2 t o 4 i nches.   Li ve or  dead 
l ogs used f or  cr i b wal l s shoul d be at  l east  100 mm 4 
i nches i n di amet er  f or  gul l i es and 200 mm 8 i nches 
i n di amet er  f or  use i n st r eams or  r i ver s.   To 
i mpr ove sur vi vabi l i t y ,  l i ve st akes and pol es must  be 
of  suf f i c i ent  l engt h t o penet r at e t he soi l  600 mm 2 
f eet  bel ow t he bi oengi neer ed st r uct ur e or  t o wi t hi n 
t he capi l l ar y zone of  moi st ur e i n t he soi l .

**************************************************************************

[ St akes]  [ , ]  [ pol es]  [ , ]  [ and]  [ cut t i ngs]  shal l  be har vest ed f r om l ocal  
sour ces of  sel ect ed speci es.   Speci es of  pl ant s f or ei gn t o t he ecosyst em 
envi r onment  at  t he wor k s i t e shal l  onl y be i mpor t ed i f  t hey pose mi ni mal  
t hr eat  t o i nt er f er i ng wi t h t he nat i ve veget at i on,  ar e accept ed by 
r egul at or y and envi r onment al  management ,  and ar e abl e t o sur vi ve at  t he 
speci f i c  s i t e.   Unl ess ot her wi se st at ed bel ow,  [ cut t i ngs]  [ and]  [ st akes]  
shal l  be 19 t o 38 mm 0. 75 t o 1. 5 i nches i n di amet er  and at  l east  1 m 3 f eet  
i n l engt h.   [ St akes]  [ Pol es]  wi t h a di amet er  of  50 t o 75 mm 2 t o 3 i nches 
and mi ni mum l engt h of  1. 5 m 5 f eet  shal l  be used f or  i nser t i on i nt o ar mor ed 
st r eam bank st r uct ur es.   [ St akes]  [ and]  [ cut t i ngs]  [ and]  [ pol es]  shal l  be 
cut  f r om heal t hy pl ant s and shal l  be as st r ai ght  as possi bl e.   Pl ant s f or  
har vest  shal l  be a mi ni mum of  one- year - ol d,  pr ef er abl e 2 t o 5 year s i n 
age.   Sucker s or  cur r ent  year  gr owt h shal l  not  be used.   Al l  cut s shal l  be 
c l ean and f r ee of  spl i t s  or  excessi ve peel i ng of  bar k.   At  l east  t wo bud 
scar s shal l  be v i s i bl e on t he [ cut t i ng]  [ st ake]  [ pol e]  above t he sur f ace of  
t he gr ound or  st r uct ur e when i nst al l ed.   [ St akes]  [ Pol es]  wi t h devi at i ons 
or  cur vat ur es gr eat er  t han 13 mm 0. 5 i nch f r om ver t i cal  per  200 mm 1- f oot  
of  l engt h wi l l  not  be accept ed.   [ Al l  br anches emanat i ng f r om t he [ st ake]  
[ pol e]  shal l  be t r i mmed as c l ose as possi bl e t o t he sur f ace of  t he st ake 
wi t hout  damage t o t he bar k. ]   [ The bot t om end of  t he [ st ake]  [ pol e]  shal l  
be cut  at  an angl e of  60 degr ees t o t he hor i zont al .   The t op of  t he [ st ake]  
[ pol e]  shal l  be cut  nor mal  t o i t s  l engt h. ]   [ Li ve cut t i ngs shal l  be 
har vest ed f r om br anches and shal l  i ncl ude t he gr owt h t i ps of  t he br anch.   
The but t  of  t he cut t i ng shal l  be cut  at  an angl e t o t he ver t i cal  t o ai d i n 
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pl aci ng i nt o soi l . ]   I f  t r unks of  veget at i on r emai n af t er  cut t i ng,  t hese 
t r ucks shal l  have a suf f i c i ent  number  of  heal t hy br anches r emai ni ng t o 
al l ow sur vi val .

3. 5. 2   Har vest i ng of  Her baceous Pl ant s

**************************************************************************
NOTE:   Edi t  t hi s  sect i on as r equi r ed.   Consul t  a 
qual i f i ed bot ani st  f or  har vest i ng,  handl i ng,  
gr owi ng,  and t r anspl ant i ng r equi r ement s i f  
her baceous pl ant s ar e t o be used.   Her baceous pl ant s 
may be emer gent  aquat i c pl ant s such as r eeds,  
r ushes,  and sedges or  may be non aquat i c pl ant s such 
as gr asses or  ot her  f or bs t hat  r equi r e moi st ur e 
dur i ng some por t i on of  t he year .   Har vest i ng of  
t hese pl ant s r equi r es t he col l ect i on of  seeds,  
r oot s,  or  t uber s.   The r oot s or  t uber s may be 
t r anspl ant ed di r ect l y t o t he s i t e.   Pl ant s f r om t he 
r oot s may be gr own i n a nur ser y and subsequent l y 
t r anspl ant ed t o t he s i t e.   Pl ant s or  r oot s col l ect ed 
i n t he f i el d must  be pl aced i n cont ai ner s f i l l ed 
wi t h wat er  and kept  cool  unt i l  bei ng t r anspl ant ed t o 
gr owi ng medi a at  a nur ser y.    Exposur e of  t he 
har vest ed pl ant s t o wi nd or  dr y and hot  condi t i ons 
shoul d be avoi ded.   Consul t  a wet l ands exper t  f or  
met hods f or  col l ect i ng and gr owi ng of  wet l and pl ant s.

**************************************************************************

[_____]

3. 5. 3   Har vest i ng of  Reeds or  Cl ump Pl ant i ngs

**************************************************************************
NOTE:   Edi t  t hi s  sect i on as r equi r ed.   Consul t  a 
qual i f i ed bot ani st  f or  har vest i ng and t r anspl ant i ng 
r equi r ement s of  r eed or  c l ump pl ant i ngs.   Si ngl e 
pl ant s or  gr oups of  pl ant s may be har vest ed,  whi ch 
i ncl ude t he r oot  mass i n soi l  pl ugs.   Lar ge c l ump 
pl ant i ngs r equi r e t he r emoval  of  veget at i on wi t h t he 
r oot  mass and sur r oundi ng soi l  i nt act .   These l ar ger  
pl ant i ngs may be ext r act ed by hand and shovel  
met hods or  t he use of  l i ght  or  heavy equi pment .

**************************************************************************

[_____]

3. 5. 4   Seal i ng of  Har vest  Cut s

Al l  har vest  cut s on t r unks or  br anches of  t he host  veget at i on shal l  be 
t r i mmed of  l oose wood or  bar k and seal ed wi t h an appr oved seal ant  t o 
pr event  desi ccat i on and di sease or  i nf est at i on at  t he end of  t he wor kday 
wi t hout  except i on.

3. 5. 5   Har vest  Si t e Rest or at i on

The har vest  s i t e shal l  be r est or ed t o pr eexi st i ng condi t i ons as best  as 
possi bl e af t er  har vest i ng i s compl et ed.   Rest or at i on shal l  i ncl ude but  
shal l  not  be l i mi t ed t o r emoval  of  aggr egat e or  wood chi p r oads or  access 
pat hs,  access gat es,  and r ut s or  depr essi on,  or  ot her  i t ems or  f eat ur es 
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r el at ed t o wor k act i v i t i es.

3. 5. 6   Di sposal  of  Excess Veget at i on

Excess cut  veget at i on f r om har vest i ng shal l  be [ t hi nl y di st r i but ed on s i t e]  
[ col l ect ed and r emoved f r om t he s i t e]  [ st aked on- s i t e and [ bur ned]  [ l ef t  i n 
pl ace] ]  [ col l ect ed and t r anspor t ed t o t he wor k s i t e f or  i ncor por at i on i n 
t he desi gned st r uct ur e] .

3. 6   TI ME OF PLANTI NG

**************************************************************************
NOTE:   Edi t  t hi s  sect i on as needed f or  s i t e speci f i c  
condi t i ons.   Pr ovi de speci f i c  dat es f or  t he pl ant i ng 
wi ndow bel ow.

Woody pl ant s and nur ser y st ock shoul d be pl ant ed i n 
t he dor mant  season.   These pl ant s ar e dor mant  when 
buds ar e set  i n t he f al l  af t er  t he f i r st  har d f r eeze 
unt i l  t he t i me when t he buds begi n t o swel l  i n t he 
ear l y spr i ng.   I f  pl ant i ng can not  be done dur i ng 
t he dor mant  season,  t hen t he cut t i ngs may be st or ed 
i n a col d envi r onment  at  - 2 degr ees C 28 degr ees F 
unt i l  pl ant i ng i s possi bl e.

Her baceous pl ant s may be pl ant ed dur i ng t he dor mant  
or  non dor mant  seasons.   I f  pl ant ed i n t he non 
dor mant  season,  t hese pl ant s shoul d be pl aced as 
ear l y as possi bl e i n t he spr i ng t o al l ow t he 
gr eat est  amount  of  t i me f or  r oot  devel opment  and 
gr owt h.   Her baceous pl ant s shoul d not  be pl ant ed 
dur i ng hot  or  dr y weat her  i f  at  al l  avoi dabl e.

The t i me of  pl ant i ng i s al so dependent  on s i t e 
c l i mat i c and hydr ol ogi c condi t i ons.   The best  t i me 
t o pl ant  i s  when t he st r eam or  l ake i s at  mean wat er  
l evel .   Pl ant i ng shoul d occur  i n t he f al l  at  st i es 
wher e t he wat er  l evel s ar e expect ed t o be l ow f r om 
t he f al l  t o t he spr i ng and i f  t he pl ant s may 
exper i ence some gr owt h and est abl i shment  bef or e 
spr i ng f l oods.   Pl ant i ng at  s i t es wher e wat er  l evel s 
f l uct uat e dur i ng t he wi nt er  due t o f l oodi ng or  wher e 
f r ost  heavi ng of  soi l  occur s shoul d be del ayed unt i l  
l at e spr i ng.   Lat e f al l  pl ant i ngs may be pr ef er abl e 
at  l ocat i ons subj ect  t o wi nt er  f l oodi ng and summer  
dr ought s.   Fal l  pl ant i ng i s not  r ecommended f or  
ar eas wher e l at e season dr ought s or  f r ost  heavi ng 
occur s bel ow t he r oot  l evel .   The desi gner  shoul d 
consul t  a hydr aul i c engi neer  t o det er mi ne wat er  
l evel s and f l ow vel oci t i es at  t he s i t e dur i ng t he 
pl ant i ng and i ni t i al  gr owt h per i ods.   Cl ump pl ant i ng 
of  shr ubs or  r eeds shoul d occur  i n t he spr i ng or  
ear l y summer .

**************************************************************************

Pl ant i ng shal l  occur  i n t he [ spr i ng]  [ f al l ]  [ summer ]  st ar t i ng no ear l i er  
t han [ _____]  and shal l  be compl et ed by no l at er  t han [ _____] .
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3. 7   TRANSPORTATI ON OF HARVESTED VEGETATI ON 

a.   Al l  f r eshl y har vest ed and pr epar ed l i ve woody veget at i on shal l  be 
i mmedi at el y submer ged i n c l ean uncont ami nat ed wat er  and shal l  not  be 
al l owed t o dr y out .   Cut  veget at i on shal l  be t r anspor t ed t o t he wor k 
st agi ng ar ea submer ged i n wat er .   I f  s i t e condi t i ons pr ohi bi t  di r ect  
access t o st or age bi ns f i l l ed wi t h wat er ,  t hen t he f r eshl y cut  l i ve 
veget at i on shal l  be wr apped i n c l ot h,  whi ch i s t hor oughl y sat ur at ed 
wi t h wat er ,  and shal l  be t r anspor t ed t o a st or age bi n f i l l ed wi t h wat er  
wi t hi n no mor e t han one hour  f r om t he t i me of  cut t i ng.

b.   Li ve veget at i on shal l  be t r anspor t ed f r om t he st agi ng ar ea t o t he wor k 
s i t e i n cont ai ner s f ul l y  cover ed wi t h c l ean wat er .   Veget at i on shal l  be 
r emoved f r om t he cont ai ner s and i mmedi at el y pl aced i n t he gr ound.   I n 
t he event  t hat  access t o t he i nst al l at i on s i t e i s  l i mi t ed,  veget at i on 
shal l  be r emoved f r om t he soaki ng t anks and wr apped i n bundl es t hat  ar e 
compl et el y cover ed wi t h at  l east  t hr ee l ayer s of  sat ur at ed hi ghl y 
absor bent  c l ot h or  sat ur at ed bi odegr adabl e paper  pr oduct  wi t h hi gh 
sat ur at ed st r engt h.   The cl ot h and bundl es shal l  be pl aced i n pl ast i c 
l i ner s f or  gr eat er  ease i n t r anspor t at i on t o t he wor k s i t e.

c.   Cut  veget at i on shal l  not  be l ef t  uni nst al l ed at  t he wor k s i t e and 
exposed t o ai r  or  heat  or  excessi ve col d f or  any r eason.   Dead 
[ cut t i ngs]  [ st akes]  [ pol es]  shal l  not  be soaked unl ess t he desi gn 
r equi r es t hi s veget at i on t o be f l exi bl e.   Cut  l i ve veget at i on t hat  i s  
exposed t o ai r  f or  l onger  t han 15 mi nut es dur i ng har vest i ng,  
t r anspor t at i on,  i nst al l at i on,  or  whi ch wer e not  col l ect ed or  
t r anspor t ed as speci f i ed above shal l  not  be accept ed.   Damaged l i ve 
veget at i on shal l  not  be accept ed and shal l  be r epl aced at  no expense t o 
t he Gover nment .

d.   [ [ Her baceous pl ant s]  [ Nur ser y st ock]  shal l  be t r anspor t ed t o t he wor k 
s i t e i n cover ed vehi c l es.   Pl ant s shal l  not  be subj ect ed t o col d or  
excessi ve heat  or  dr y i ng dur i ng t r anspor t .   The pl ant s shal l  be 
car ef ul l y  unl oaded at  t he st agi ng ar ea and pl aced i n a shaded ar ea.   
Pl ant s shal l  be wat er ed and mai nt ai ned i n heal t hy condi t i on unt i l  t he 
t i me of  i nst al l at i on.   The pl ant s shal l  be t r anspor t ed t o t he wor k s i t e 
[ by hand]  [ push car t ]  [ vehi c l es]  and i mmedi at el y i nst al l ed at  t he 
s i t e.   Damaged,  wi l t ed,  di seased,  or  dead [ pl ant s]  [ nur ser y st ock]  
shal l  not  be accept ed and shal l  be i mmedi at el y r epl aced at  no expense 
t o t he Gover nment . ]

3. 8   SOAKI NG AND PAI NTI NG OF LI VE WOODY VEGETATI ON

**************************************************************************
NOTE:   Make al l  possi bl e ef f or t s t o pr event  t he 
har vest ed l i ve veget at i on f r om l osi ng moi st ur e f r om 
t he t i me of  cut t i ng t o i nser t i on i nt o t he gr ound.   
Soaki ng of  t he l i ve veget at i on gr eat l y i mpr oves t he 
abi l i t y  of  t he pl ant s t o sur vi ve t r anspl ant  i nt o t he 
bi oengi neer ed st r uct ur e.

**************************************************************************

a.   Al l  har vest ed l i ve veget at i on shal l  be soaked i n c l ean wat er  f or  3 t o 5 
days bef or e i nst al l at i on i nt o t he gr ound.   The l i ve veget at i on shal l  be 
pl aced i n c l ean,  l eak pr oof ,  l ar ge pl ast i c st or age cont ai ner s or  
s i mi l ar ,  whi ch ar e at  l east  300 mm 12 i nches l onger  i n l engt h t han t he 
cut  veget at i on.   Reused or  new met al  dr ums or  dr ums used f or  t he 
cont ai nment  of  hazar dous wast es or  chemi cal s shal l  not  be used.   The 
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cont ai ner s shal l  be pl aced i n or gani zed l i nes i n a shaded l ocat i on 
separ at ed by a suf f i c i ent  di st ance t o al l ow access of  a vehi c l e t o t he 
cont ai ner s f or  t he pl acement  and r emoval  of  t he veget at i on.   Each 
cont ai ner  shal l  be gi ven a uni que i dent i f i cat i on number  or  ser i es of  
number s and l et t er s t hat  shal l  be c l ear l y v i s i bl e at  t he end of  t he 
cont ai ner  t hat  shal l  be appr oached f or  t he pl acement  or  t he r emoval  of  
veget at i on.   The i dent i f i cat i on number s shal l  be r ecor ded and 
r ef er enced i n r el at i on t o t he cont ai ned veget at i on f or  qual i t y  cont r ol  
and const r uct i on pur poses.

b.   The wat er  l evel s i n t he cont ai ner s shal l  be checked t wi ce dai l y  and 
wat er  shal l  be added as needed t o ensur e t he cont ai ner s ar e f i l l ed wi t h 
suf f i c i ent  wat er  t o compl et el y cover  t he cont ai ned veget at i on wi t h a 
mi ni mum of  50 mm 2 i nches of  wat er .   Rust  pr oof  wei ght s or  c l ean 
cobbl es or  boul der s may be used t o wei ght  down t he veget at i on and 
r et ai n i t  under  t he wat er  sur f ace.   These wei ght s shal l  not  cr ush or  
damage t he veget at i on.   Wat er  i n t he cont ai ner s shal l  be compl et el y 
r epl aced wi t h f r esh and cl ean wat er  ever y 3 days wi t hout  except i on.   
Veget at i on t hat  r emai ns i n wat er  t hat  has not  been r epl aced as r equi r ed 
shal l  be deemed def ect i ve and shal l  not  be accept ed by t he Gover nment .   
Wat er  r epl acement  schedul e may be adj ust ed t o compensat e f or  weekends 
and hol i days wi t h t he not i f i cat i on and appr oval  of  t he Cont r act i ng 
Officer.

3. 8. 1   Mi x i ng of  Li ve Veget at i on

Veget at i on of  a speci f i c  speci es shal l  not  be commi ngl ed wi t h anot her  
speci es dur i ng cut t i ng,  soaki ng,  or  t r anspor t at i on.

3. 8. 2   Pai nt i ng of  St akes and Pol es

**************************************************************************
NOTE:   The pai nt i ng of  t he t ops of  t he l i ve st akes 
and pol es wi l l  r educe desi ccat i on of  t he cut t i ngs,  
pot ent i al  f or  di sease mor t al i t y ,  and al l ow ease i n 
l ocat i ng once i nst al l ed.   Al l  pai nt i ng shal l  occur  
af t er  soaki ng.   St akes or  pol es made of  l umber  may 
be pai nt ed at  t he opt i on of  t he desi gner  t o i mpr ove 
visibility.

**************************************************************************

The t op ends of  t he [ st akes]  [ and]  [ pol es]  shal l  be pai nt ed wi t h a l at ex 
pai nt  di l ut ed wi t h wat er  at  a r at i o of  one par t  pai nt  t o one par t  wat er .   
The t ops of  t he [ st akes]  [ and]  [ pol es]  shal l  be [ di pped i n t he di l ut e pai nt  
mi xt ur e t o a dept h of  75 mm 3 i nches af t er  soaki ng]  [ pai nt ed i mmedi at el y 
af t er  pl ant i ng by [ br ush]  [ spr ay appl i cat or ] ] .   The col or  of  t he pai nt  
shal l  be [ caut i on yel l ow]  [ saf et y or ange] .   The t op ends of  dead [ st akes]  
[ and]  [ pol es]  shal l  [ not ]  be pai nt ed.

3. 8. 3   Har vest i ng and soaki ng r ecor ds

Dai l y l ogs shal l  be pr epar ed document i ng t he act i v i t i es of  pl ant  
har vest i ng,  t r anspor t at i on,  and soaki ng.   These r ecor ds shal l  cont ai n at  a 
mi ni mum:  name,  dat e,  weat her  condi t i ons,  company,  l ocat i on of  har vest  ar ea,  
l ocat i on of  soaki ng ar ea,  s i t e r ehabi l i t at i on,  speci es har vest ed,  number  of  
cut t i ngs har vest ed,  number  of  cut t i ngs pl aced i n soaki ng t anks,  damage t o 
cut t i ngs,  pr obl ems,  and sol ut i ons t o pr obl ems encount er ed.   Recor ds shal l  
c l ear l y i ndi cat e t he heal t h of  t he pr i mar y veget at i on f r om whi ch t he 
cut t i ngs ar e obt ai ned,  di amet er  of  cut t i ngs and pr i mar y veget at i on,  l engt h 
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of  cut t i ngs,  t r i mmi ng pr ocedur es,  t i me of  cut t i ng,  t i me of  pl acement  i n 
t r anspor t at i on bi ns,  handl i ng pr ocedur es,  seal i ng of  har vest  cut s,  t i me t he 
l i ve veget at i on i s del i ver ed and t r ansf er r ed t o soaki ng t anks,  and 
i dent i f i cat i on l abel  of  t he t ank i n whi ch t he cut t i ngs ar e pl aced.   The 
r ecor ds shal l  cont ai n t he dur at i on of  soaki ng of  t he veget at i on,  wat er  
qual i t y  and t i me and amount s of  wat er  added t o t he t ank dur i ng soaki ng,  
t i me of  r emoval  of  t he cut t i ngs f r om t he t anks,  t i me of  pl ant i ng of  t he 
cut t i ngs,  and pr ocedur es used f or  r emoval ,  t r anspor t at i on,  and pl ant i ng of  
t he veget at i on at  t he const r uct i on s i t e.   The r ecor ds shal l  be s i gned by 
t he l ead har vest  per son or  per son i n char ge of  soaki ng and pl ant i ng and 
shal l  be pr ovi ded t o t he on- si t e manager  at  t he end of  each day.   Recor ds 
shal l  be pr ovi ded t o t he Cont r act i ng Of f i cer  wi t hi n [ 24]  [ _____]  hour s of  
completion. 

3. 9   STAGI NG AREA

**************************************************************************
NOTE:   A st agi ng ar ea f or  oper at i ons may be 
r equi r ed.   Thi s st agi ng ar ea shoul d be l evel  and of  
suf f i c i ent  s i ze f or  t he posi t i oni ng of  numer ous bi ns 
f or  t he soaki ng of  l i ve veget at i on bef or e 
i nst al l at i on.   The st agi ng ar ea shoul d al so be of  
suf f i c i ent  s i ze t o al l ow par ki ng,  st or age of  
equi pment ,  const r uct i on of  bi oengi neer i ng 
component s,  wor k t r ai l er ,  sani t at i on,  and wat er  
t anks i f  necessar y.

**************************************************************************

A st agi ng ar ea shal l  be const r uct ed at  t he wor k s i t e f or  t he st or age of  
equi pment ,  wor k t r ai l er ,  por t abl e sani t at i on,  wat er  t anks,  par ki ng,  and al l  
ot her  mat er i al s and equi pment  r equi r ed t o compl et e t he wor k.   The s i t e 
shoul d have a l evel  por t i on f or  t he pl acement  of  soaki ng t ubs f or  t he l i ve 
veget at i on.   [ The st agi ng ar ea shal l  be secur ed by an ei ght  f eet  hi gh chai n 
l i nk secur i t y f ence t o pr event  vandal i sm or  unaut hor i zed access t o t he 
st agi ng ar ea. ]   Adequat e sur f ace pr epar at i on shal l  be per f or med t o pr event  
excessi ve set t l ement ,  pondi ng of  wat er ,  or  r ut t i ng.   The l ocat i on and 
desi gn of  t he st agi ng ar ea shal l  be shown i n t he dr awi ngs.

3. 10   SI TE DRAI NAGE

**************************************************************************
NOTE:   The desi gner  shoul d speci f y t he s i t e speci f i c  
r equi r ement s f or  t empor ar y and per manent  dr ai nage i n 
t hi s sect i on.   Wor k and har vest  s i t es shoul d be wel l  
dr ai ned at  al l  t i mes t o pr event  t he pondi ng of  
wat er .   Runof f  wat er  may need t o be st or ed i n 
r et ent i on or  set t l i ng ponds bef or e r el ease t o 
sur f ace wat er  bodi es or  channel s.   Al l  t empor ar y 
dr ai nage f eat ur es and st r uct ur es shal l  be r emoved 
and r est or ed t o pr eexi st i ng or  desi gn condi t i ons at  
t he end of  wor k.   Dr ai nage may be a r equi r ement  f or  
st r uct ur e st abi l i t y  and f or  f i nal  gr ade of  t he wor k 
s i t e.   Some st r uct ur e may r equi r e i nt er nal  dr ai nage 
of  gr oundwat er  t o i mpr ove st abi l i t y .   The 
r equi r ement s f or  i nt er nal  dr ai nage desi gn shoul d be 
st at ed i n t he r equi r ement  par agr aph of  t he sel ect ed 
st r uct ur e.   Best  Management  Pr act i ces shal l  be 
empl oyed i n accor dance wi t h Sect i on 01 57 19 
TEMPORARY ENVI RONMENTAL CONTROLS.
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**************************************************************************

[_____]

3. 11   DEWATERING

**************************************************************************
NOTE:   Excavat i ons may need t o be dewat er ed t o al l ow 
const r uct i on.   Fai l ur e t o due necessar y s i t e 
i nvest i gat i on or  char act er i zat i on may r esul t  i n 
const r uct i on del ays,  unsaf e wor ki ng condi t i ons,  and 
cost  c l ai ms.

I t  i s  i mpor t ant  t o under st and t he subsur f ace 
gr oundwat er  condi t i ons,  sur f ace dr ai nage,  and 
pr eci pi t at i on i n t he ar ea of  t he wor k dur i ng t he 
sel ect i on and desi gn of  a st r uct ur e.   Wat er  i n 
excavat i ons may del ay wor k ef f or t s,  i nt er f er e wi t h 
pr oper  soi l  pl acement  and compact i on,  and damage 
veget at i on.   St r uct ur es t hat  i ncor por at e l ar ge 
amount s of  woody veget at i on may be damaged due t o 
buoyant  f or ces i f  t hese excavat i ons f i l l  wi t h wat er  
bef or e suf f i c i ent  mat er i al  or  bi nder s have been 
pl aced t o hol d t he veget at i on i n pl ace.   Wat er  
r emoved f r om excavat i ons may r equi r e t r eat ment  
bef or e r el ease.

Excavat i ons adj acent  t o t i dal l y  i nf l uenced wat er  
bodi es of f er  chal l enges i n wat er  cont r ol  and 
dr ai nage of  excavat i on i n t er ms of  const r uct i on 
t i mi ng.   Ti me of  const r uct i on and dewat er i ng may 
need t o be adj ust ed t o mat ch t i dal  event s and 
r equi r e wor k dur i ng t i me per i ods ot her  t han nor mal  
wor ki ng hour s.   Si mi l ar l y,  wor k schedul e and 
dewat er i ng of  excavat i ons may need speci al  at t ent i on 
adj acent  t o r i ver s or  st r eams t hat  f l uct uat e 
seasonal l y or  dai l y due t o wat er  r el eases f r om wat er  
st or age or  hydr opower  pr oj ect s.   I n ar eas wher e 
wat er  l evel s f l uct uat e,  pr ecaut i ons shoul d be t aken 
t o ensur e t he st r uct ur e wi l l  not  be damaged by 
buoyant  f or ces or  by cur r ent s.

Dewat er i ng of  excavat i ons can be expensi ve due t o 
pl anni ng,  equi pment ,  l abor ,  and di sposal  ef f or t s.   
Al t er nat i ve desi gns,  l ocat i ons,  or  f oundat i ons 
shoul d be consi der ed t o r educe pr oj ect  cost s i f  
r equi r ed.   Gr oundwat er  shoul d be t est ed f or  chemi cal  
cont ami nat i on bef or e t he st ar t  of  wor k.   The cost  of  
dewat er i ng and t r eat ment  of  such wat er  may be hi gh.

**************************************************************************

Submi t  over al l  pl an f or  dewat er i ng and any r equi r ed di ver si on of  wat er .   
Compl et el y addr ess i n t he pl an i nst al l at i on and r emoval  of  t he r equi r ed 
syst ems and f eat ur es.   Dewat er  f or  const r uct i on,  obt ai n and r evi ew al l  
necessar y i nf or mat i on t o ensur e dewat er i ng ef f or t s  ar e i n compl i ance wi t h 
r egul at i ons,  and ensur e t he desi gned dewat er i ng ef f or t s ar e adequat e based 
on s i t e condi t i ons and cl i mat e and ot her  var i abl es t hat  may ef f ect  
dewat er i ng ef f or t s.   [ Submi t  a t echni cal  memor andum det ai l i ng al l  
dewat er i ng r equi r ement s,  l ocat i ons,  met hods,  and di sposal  pr ocedur es t o t he 
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Cont act i ng Of f i cer  at  l east  [ 60]  days bef or e t he st ar t  of  wor k. ]   
I nf or mat i on pr ovi ded by t he Gover nment  r egar di ng dewat er i ng r equi r ement s 
and si t e condi t i ons shal l  i n no way r el i eve t he Cont r act or  of  f ul l  
r esponsi bi l i t y  f or  al l  dewat er  pl anni ng,  ef f or t s,  and cost s.   Ensur e t he 
st r uct ur e wi l l  not  be damaged by buoyant  f or ces or  by cur r ent s shoul d wat er  
ent er  t he excavat i on or  dur i ng t he r emoval  of  t hi s  wat er .   Ensur e 
dewat er i ng ef f or t s do not  i mpact  adj acent  st r uct ur es or  pr oper t y,  r esul t  i n 
i nst abi l i t y  of  t he excavat i on f l oor  or  s l opes,  pr oduce unsaf e wor ki ng 
condi t i ons,  or  damage t o ani mal s or  t he envi r onment .

3. 12   BI OENGI NEERED STRUCTURES

**************************************************************************
NOTE:   The most  common t ypes of  bi oengi neer ed 
st r uct ur es ar e descr i bed bel ow.   These st r uct ur es 
may be cat egor i zed as common,  t r ansver se,  def l ect or ,  
or  l ongi t udi nal .   Common st r uct ur es ar e gener i c 
bi oengi neer ed st r uct ur es appl i cabl e t o gul l i es,  
st r eam banks,  and l ake shor es.   Tr ansver se 
st r uct ur es ar e const r uct ed acr oss st r eam channel s 
t hat  ar e l ess t han 4. 5 m 15 f eet  wi de and 3 m 10 f eet
 deep.   Def l ect or  st r uct ur es ar e const r uct ed f r om 
t he bank i nt o a st r eam or  r i ver  t o def l ect  f l ow away 
f r om t he bank.   Longi t udi nal  st r uct ur es ar e 
const r uct ed par al l el  t o st r eam banks or  l ake 
shor es.   Bi oengi neer ed st r uct ur es may be used 
separ at el y or  i n combi nat i on f or  bank pr ot ect i on and 
st abi l i zat i on dependi ng on t he geot echni cal  and 
hydr aul i c s i t e condi t i ons,  physi cal  set t i ng,  desi r ed 
habi t at ,  and suppl y of  const r uct i on mat er i al s.   
St r uct ur es not  per t i nent  t o t he pr oposed desi gn 
shoul d be del et ed f r om t hi s speci f i cat i on.   
St r uct ur es descr i bed bel ow ar e:

Common St r uct ur es
Per manent  seedi ng
Li ve St aki ng
Joi nt  pl ant i ng
Pol e pl ant i ng 
Li ve f asci ne
Si l t at i on st r uct ur es
Br ush mat
Cl ump pl ant i ng
Tr ansver se St r uct ur es ( st r eams l ess t han 4. 5 m 15 
f eet  wi de,  gul l i es,  smal l  t r i but ar i es)
Palisade
Br ush and st one si l l
Wat t l e f ence si l l
Veget at ed cr i b wal l  or  wood si l l
Veget at ed dr y st one bar r i er
Br ush wor ks or  br ush packi ng
Li ve f asci ne s i l l
Def l ect or s ( St r eams wi der  t han 9 m 30 f eet ,  st r eam 
bank pr ot ect i on)
Veget at ed def l ect or  ( gr oi ns,  di kes,  spur s)
Li ve br ush s i l l
Br ush t r ansver se
Br ush gr i d
Longi t udi nal  St r uct ur es
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Si ngl e or  c l ump r eed pl ant i ng
Li ve st one r evet ment
Br ush l ayer ed r evet ment
Longi t udi nal  l i ve f asci ne
Longi t udi nal  br ush packi ng
Li ve cr i b wal l

The speci f i c  names f or  bi oengi neer ed st r uct ur es have 
not  been st andar di zed.   The names of  t he st r uct ur es 
l i s t ed above ar e not  i ncl usi ve of  al l  s t r uct ur es 
ment i oned i n l i t er ar y sour ces and onl y r epr esent  a 
gener al  compi l at i on of  t he most  commonl y r ef er enced 
names assi gned t o t he st r uct ur es.   Ther ef or e,  
i ndi v i dual s may have a di f f er ent  under st andi ng of  
t he f unct i on and dei gn of  a st r uct ur e when pr ovi ded 
wi t h onl y a name.   A di agr am of  t he pr oposed 
st r uct ur e i s r ecommended f or  i ncl usi on i n t hi s 
speci f i cat i on t o pr ovi de c l ar i t y i n t he descr i pt i on 
and i nt ent  of  t he r equi r ement s.   The desi gner  may 
obt ai n t hese dr awi ngs f r om numer ous l i t er ar y 
sour ces,  pr i vat e vender s,  or  St at e r esour ce 
agenci es.   I t  i s  r ecommended t hat  t he desi gner  
r evi ew t hese dr awi ngs dur i ng t he sel ect i on of  t he 
st r uct ur es f or  use and t hat  t he desi gner  shoul d 
pr ovi de t hese dr awi ngs t o ot her  per sonnel  i nvol ved 
i n t he dei gn and pl anni ng of  t he pr oj ect  t o r educe 
conf usi on i n desi gn obj ect i ves and r equi r ement s.   
These dr awi ngs may be edi t ed f or  s i t e speci f i c  
condi t i ons as needed and shoul d be i ncl uded i n or  
at t ached t o t hi s  speci f i cat i on.

The f ol l owi ng par agr aphs pr ovi de t he gener al  t ypes 
of  i nf or mat i on t hat  ar e r equi r ed f or  t he descr i pt i on 
of  r equi r ement s f or  t he st r uct ur es.   The desi gner  
must  edi t  t he sel ect ed r equi r ement s t o meet  pr oj ect  
obj ect i ves and per f or mance cr i t er i a based on act ual  
s i t e condi t i ons.

**************************************************************************

3. 12. 1   Common St r uct ur es

3. 12. 1. 1   Per manent  Seedi ng

**************************************************************************
NOTE:   Per manent  seedi ng i s a s i mpl e met hod of  
st r eam bank st abi l i zat i on t hat  may be used al ong l ow 
vel oci t y st r eams or  channel s wi t h peak f l ows l ess 
t han 0. 08 cubi c met er  per  second 3 cubi c f eet  per  
second.   Seedi ng must  be combi ned wi t h er osi on 
cont r ol  st abi l i zat i on met hods t o pr event  or  r educe 
soi l  er osi on dur i ng ger mi nat i on and t he f i r st  
sever al  year s of  veget at i on gr owt h.   Sel ect ed 
speci es of  gr asses and/ or  pl ant s shoul d be nat i ve t o 
t he ar ea,  r esi l i ent ,  pr ovi de a dense r oot  mat ,  and 
be abl e t o wi t hst and bei ng submer ged i n wat er  f or  
ext ended per i ods.   The pl acement  of  r ock or  woody 
debr i s may be r equi r ed at  t he t oe of  t he bank t o 
r educe under cut t i ng.

**************************************************************************
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Sel ect ed seed shal l  conf or m t o al l  r equi r ed r egul at i ons and r equi r ement s 
and al l  seedi ng shal l  be per f or med i n accor dance wi t h Sect i on 32 92 19 
SEEDI NG.   Seed shal l  be pl aced bef or e i nst al l at i on of  er osi on cont r ol  mat s 
or  t he appl i cat i on of  ot her  er osi on cont r ol  mat er i al s or  pr oduct s.

3. 12. 1. 2   Li ve St aki ng

**************************************************************************
NOTE:   Li ve st aki ng i s t he i nser t i on of  l i v i ng 
st akes of  veget at i on i nt o t he gr ound.   Li ve st aki ng 
may be used t o cover  l ar ge ar eas of  st r eam banks and 
t o i nf i l l  ar eas bet ween ot her  bi oengi neer ed 
st r uct ur es.   Li ve pol es may al so be used i n l i eu of  
st akes i f  deeper  gr ound penet r at i on i s r equi r ed.   I n 
t hi s event ,  t he met hod shoul d be r ef er r ed t o as l i ve 
pol e st aki ng.   Combi ni ng l i ve st akes wi t h dead 
st akes may be f easi bl e wher e t he t r appi ng of  debr i s 
on t he bank i s desi r ed or  wher e t her e i s a l i mi t ed 
suppl y of  l ocal  l i ve veget at i on.

**************************************************************************

Li ve st akes shal l  be dr i ven i nt o t he gr ound i n a r ow par al l el  t o t he st r eam 
bank wi t h t he st akes spaced 1 met er  3 f eet  apar t .   Rows of  st akes shal l  be 
i nst al l ed st ar t i ng f r om t he t oe of  t he bank and pr ogr essi ng l andwar d and 
shal l  be spaced 1 met er  3 f eet  apar t .   Successi ve r ows of  st akes shal l  be 
of f set  f r om t he pr ecedi ng r ow by one hal f  t he spaci ng di st ance bet ween t he 
st akes.   Const r uct i on shal l  be per f or med i n accor dance wi t h ASTM D6765 
St andar d Pr act i ce f or  Li ve St aki ng.

3. 12. 1. 3   Joi nt  Pl ant i ng

**************************************************************************
NOTE:   Joi nt  pl ant i ng i s a var i at i on of  l i ve st aki ng 
i n whi ch l i ve st akes or  pol es ar e dr i ven bet ween t he 
j oi nt s of  l ar ge nat ur al  st one,  r i p r ap,  or  ot her  
f or ms of  bank ar mor .   Thi s met hod may be used t o add 
veget at i on t o st r et ches of  st r eam bank,  whi ch ar e 
pr ot ect ed by bar r en ar mor  t o i mpr ove habi t at  and add 
ar eas of  shade.   Veget at i on wi l l  i mpr ove bank 
st abi l i t y  due t o t he devel opment  of  r oot  mat s.   The 
veget at i on wi l l  al so decr ease t he vel oci t y of  wat er  
adj acent  t o t he bank dur i ng hi gh f l ow event s.   
Caut i on i s advi sed t o check t he st abi l i t y  and 
condi t i on of  t he ar mor  bef or e usi ng t hese met hods on 
exi st i ng pr ot ect ed banks.   The amount  of  sedi ment  
t hat  may accumul at e on t he back as a r esul t  of  t he 
veget at i on shoul d be consi der ed i n l ong t er m desi gn 
per f or mance si nce t he deposi t i on of  l ar ge amount s of  
sedi ment  may over l oad t he bank and r esul t  i n f ai l ur e.

**************************************************************************

Li ve [ st akes]  [ pol es]  shal l  be i nst al l ed i n r ows par al l el  t o t he st r eam 
bank wi t h t he [ st akes]  [ pol es]  dr i ven i nt o j oi nt s bet ween t he [ st ones]  
[ r ocks]  of  t he bank ar mor .   [ St akes]  [ Pol es]  shal l  be dr i ven a mi ni mum of  
600 mm 2 f eet  i nt o t he soi l  behi nd t he ar mor  and shal l  be spaced 1 met er  3 
f eet  apar t .   The [ st akes]  [ pol es]  shal l  be i ncl i ned at  15 t o 45 degr ees 
f r om hor i zont al .   Rows shal l  be i nst al l ed st ar t i ng at  t he t oe of  t he bank 
and pr ogr essi ng l andwar d and shal l  be spaced 1 met er  3 f eet  apar t .   
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[ St akes]  [ Pol es]  i n successi ve r ows shal l  be of f set  f r om t he [ st akes]  
[ pol es]  i n t he pr ecedi ng r ow by hal f  t he spaci ng di st ance.   The t ops of  t he 
[ st akes]  [ pol es]  shal l  ext end at  l east  0. 5 m 1. 5 f eet  but  not  mor e t han 1 
met er  3 f eet  above t he t op of  t he ar mor .

3. 12. 1. 4   Pol e Pl ant i ng

**************************************************************************
NOTE:   Pol e pl ant i ng i s t he pl acement  of  ver t i cal  
l i ve or  dead pol es i n mul t i pl e r ows al ong t he t oe of  
a st r eam bank.   The pol es may t r ap debr i s bet ween 
t he pol es and bet ween t he pol es and t he bank.   The 
accumul at i on of  debr i s shoul d r educe t he f l ow 
vel oci t y adj acent  t o t he bank and encour age t he 
deposi t i on of  sedi ment  and t hus pr omot e t he 
aggr adat i on of  t he bank over  t i me.   The st r uct ur es 
wi l l  not  pr ovi de i mmedi at e er osi on pr ot ect i on,  
habi t at ,  or  bank st abi l i t y .   Er osi on pr ot ect i on and 
habi t at  shoul d devel op as debr i s i s  t r apped and t he 
veget at i on begi ns t o gr ow.   The st abi l i t y  of  t he 
bank shoul d i mpr ove over  t i me as new bank i s f or med 
and veget at i on and r oot  mat s become est abl i shed i n 
t he new bank mat er i al .   Pol e pl ant i ng may be used i n 
ar eas wi t h st eep or  ver t i cal  banks or  i n ar eas wi t h 
a l i mi t ed suppl y of  t he veget at i on t hat  i s  necessar y 
f or  t he const r uct i on of  ot her  t ypes of  bi oengi neer ed 
st r uct ur es.   Pol e pl ant i ngs may be combi ned wi t h 
br ush mat s or  br ush gr i ds.   Pi l ot  hol es may need t o 
be dr i l l ed t o al l ow t he i nst al l at i on of  t he pol es i n 
coar se al l uvi al  st r eambeds.   Pol e pl ant i ng i s not  
r ecommended f or  use i n st r eam channel s t hat  cont ai n 
l ar ge boul der s or  wher e bedr ock may be wi t hi n a f ew 
f eet  of  t he channel  bot t om.   The dept h t o scour  must  
be known t o ensur e t he pol es wi l l  not  be l ost  due t o 
degr adat i on of  t he st r eam bot t om dur i ng a f l ood 
event.

**************************************************************************

Li ve pol es shal l  be dr i ven ver t i cal l y  i nt o t he st r eam bed t o a mi ni mum 
dept h of  1 m 3 f eet .   [ No mor e t han one- hal f  t he l engt h of  t he pol e bel ow 
gr ade shal l  ext end above t he gr ound. ]  [ The pol es shal l  be dr i ven t o 
r ef usal . ]  [ Pi l ot  hol es shal l  be dr i l l ed at  t he l ocat i ons wher e t he pol es 
shal l  be i nst al l ed usi ng a st eel  r od or  mechani zed dr i l l i ng machi ne.   The 
pol es shal l  be pl aced i nt o t he hol es and l oose sedi ment  ar ound t he pol es 
shal l  be compact ed i n pl ace.   Addi t i onal  sedi ment  shal l  be added as need t o 
f i l l  any space bet ween t he pol e and t he i nner  wal l  of  t he pi l ot  hol e unt i l  
t he hol e i s f i l l ed t o t he exi st i ng sur f ace. ]

a.   Pol es shal l  be st r ai ght  and at  l east  100 mm 4 i nches i n di amet er .   The 
dr i v i ng t i p shal l  be shaped t o a poi nt  t o ai d i n i nst al l at i on.   
Br anches shal l  [ not ]  be st r i pped f r om t he pol e [ wher e exposed above 
gr ade af t er  i nst al l at i on] .   The t op of  each pol e shal l  be cut  nor mal  t o 
i t s  l engt h.

b.   I nst al l  pol es i n r ows par al l el  t o t he st r eam bank at  a nomi nal  spaci ng 
of  1 m 3 f eet .   I nst al l  r ows st ar t i ng at  t he t oe of  t he bank and 
pr ogr essi ng t owar ds t he st r eam channel  t o t he mean l ow wat er  l evel .   
Of f set  pol es i n successi ve r ows f r om t he pol es i n pr ecedi ng r ows by one 
hal f  t he spaci ng di st ance.   The t ops of  t he pol es shal l  be at  a uni f or m 
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el evat i on [ of  1 m 3 f eet ]  above t he mean l ow wat er  l evel  al ong t he bank.

3. 12. 1. 5   Li ve Fasci ne

**************************************************************************
NOTE:   Li ve f asci nes ar e l ong bundl es of  l i ve or  
dead br anch cut t i ngs t i ed t oget her  i n t ubul ar  
sect i ons f r om 1 t o 10 m 4 t o 30 f eet  i n l engt h and 
up t o 300 mm 1- f oot  i n di amet er .   Smal l er  di amet er s 
and l engt hs of  f asci nes ar e advant ageous i n ar eas 
wher e access by vehi c l es i s not  possi bl e and 
mat er i al s must  be pr ovi ded t o t he s i t e by manual  
l abor .   Fasci nes ar e r ecommended f or  s i t es c l ose t o 
l ar ge suppl i es of  veget at i on.   Fasci nes ar e 
advant ageous i n st abi l i z i ng s l opes of  l ong l engt h 
and f or  pr ot ect i ng t he t oes of  banks.   The 
st r uct ur es ar e ef f ect i ve i n r educi ng er osi on on 
s l oped banks t hat  ar e subj ect ed t o bank scour  or  
hi gh sur f ace r unof f .   The hor i zont al  ar r angement  of  
f asci nes wi l l  r educe er osi on and t r ap sedi ment  and 
seed on t he s l ope.   The st r uct ur es wi l l  def l ect  and 
i nsul at e t he bank f r om t he st r eam cur r ent .

The st abi l i t y  of  t he bank wi l l  i mpr ove as t he l i ve 
veget at i on devel ops r oot  syst ems.   St eep or  under cut  
banks must  be r educed i n s l ope t o pr ovi de a st abl e 
s l ope f or  const r uct i on and i nst al l at i on of  t he 
f asci nes.   Banks t hat  have exper i enced sl oughi ng or  
r ot at i onal  f ai l ur es must  be r epai r ed by t he r emoval  
of  t he f ai l ed mat er i al  and t he r econst r uct i on of  a 
st abl e sur f ace bef or e t he i nst al l at i on of  t he 
f asci ne st r uct ur es.

Fasci nes r equi r e l ar ge amount s of  l i ve veget at i on 
f or  const r uct i on.   Ther ef or e,  t hese st r uct ur es ar e 
best  sui t ed f or  t emper at e r egi ons wher e t her e i s a 
s i gni f i cant  suppl y of  avai l abl e and sui t abl e 
veget at i on near  t he wor k s i t e.   St agger ed f asci ne 
st r uct ur es ar e r ecommended i n ar eas wi t h l i mi t ed 
suppl i es of  veget at i on or  as a means t o r educe 
pr oj ect  cost s.   Fasci nes ar e sui t abl e t o pr ot ect  t he 
t oes of  banks when used i n combi nat i on wi t h ot her  
bi oengi neer i ng met hods on t he s l opes.   Fasci nes may 
be used at  t r ansi t i on ar eas bet ween di f f er ent  t ypes 
of  er osi on or  st abi l i zat i on st r uct ur es such as 
bet ween er osi on cont r ol  mat s and l i ve s i l t at i on 
st r uct ur es at  t he t oe of  a st r eam bank,  or  wi t h 
br ush mat s or  l ayer ed st r uct ur es.

Fasci nes may be r ef er eed t o as hor i zont al  or  
ver t i cal  st r uct ur es.   Hor i zont al  f asci nes ar e pl aced 
par al l el  t o t he st r eam channel .   These f asci nes wi l l  
r educe bank er osi on by scour  and sur f ace r unof f .   
The r ecommended spaci ng bet ween hor i zont al  f asci nes 
based on bank s l ope ar e:
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Slope Sl ope Di st ance
Bet ween Tr enches ( m

ft)

Maxi mum Sl ope
Lengt h ( mf t )

1H: 1V t o 1. 5H: 1V 0.9-1.23-4 4.515

1. 5H: 1V t o 2H: 1V 1.2-1.54-5 620

2H: 1V t o 2. 5H: 1V 1.5-1.85-6 930

2. 5H: 1V t o 3H: 1V 1.8-2.46-8 1240

3H: 1V t o 4H: 1V 2.4-2.78-9 15.250

4H: 1V t o 5H: 1V 2.7-39-10 18.360

Ver t i cal  f asci nes ar e pl aced nor mal  t o t he st r eam 
channel .   These f asci nes may be used t o ser ve as 
dr ai nage condui t s bet ween t he key t r enches of  
hor i zont al  f asci nes and ar e r ecommended i n t emper at e 
r egi ons and banks composed of  poor l y dr ai ned soi l s .   
Ver t i cal  f asci nes may be used t o pr ot ect  t he bank 
f r om scour .   The spaci ng of  t he ver t i cal  f asci nes 
shal l  be det er mi ned by s i t e condi t i ons,  but  shoul d 
be c l ose enough t o pr event  scour  of  t he bank bet ween 
t he ver t i cal  bundl es.

The t r enches f or  t he hor i zont al  f asci nes may ext end 
t he f ul l  wi dt h of  t he wor k ar ea or  may be of  shor t er  
l engt h and st agger ed t o r educe t he amount  of  
mat er i al  and l abor  r equi r ed f or  t he pr oj ect .   Key 
t r enches must  be i nst al l ed at  t he t oes of  banks f or  
hor i zont al  f asci ne st r uct ur es.   The key t r enches may 
be f i l l ed wi t h nat ur al  st one and l i ve and/ or  dead 
f asci nes up t o t hr ee bundl es i n hei ght .   The ends of  
al l  t r enches shoul d be keyed i nt o t he bank or  
pr ot ect ed wi t h l ar ge nat ur al  st one t o pr event  scour .

The t r enches f or  ver t i cal  f asci nes shoul d ext end 
f r om t he cr est  t o t he t oe of  t he bank i f  t hese 
f asci nes ar e used wi t hout  ot her  st r uct ur es on t he 
s l ope.   The t r enches f or  t he ver t i cal  f asci nes may 
ext end bet ween t he t r enches of  hor i zont al  f asci nes 
i f  used i n combi nat i on.   I n t hi s case,  t he ver t i cal  
f asci ne t r enches shoul d connect  t he l owest  por t i ons 
of  t he hor i zont al  f asci ne t r enches t o al l ow 
dr ai nage.   Tr enches f or  bot h hor i zont al  and ver t i cal  
f asci nes may be i nst al l ed l andwar d of  t he cr est  of  
t he bank i f  addi t i onal  pr ot ect i on i s desi r ed and 
suf f i c i ent  r oom f or  t hese t r enches i s avai l abl e.

Fasci nes composed of  l i ve cut t i ngs may be pl aced on 
bank s l opes t o t he mean hi gh wat er  l evel  of  t he 
st r eam.   Li ve cut t i ngs capabl e of  gr owt h under  
sat ur at ed condi t i ons may be pl aced i n t he st r eam and 
i n key t r enches t o el evat i ons bel ow t he mean wat er  
l evel .   Dead cut t i ngs may be used f or  f asci nes 
pl aced i n sat ur at ed condi t i ons or  may be i nt er woven 
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wi t h l i ve cut t i ngs t o pr ovi de added r esi l i ency t o 
l i ve f asci nes.   Fasci nes composed of  dead cut t i ngs 
may al so be used separ at el y at  t he t oe or  on t he 
bank s l opes wher e er osi on and scour  pr ot ect i on ar e 
desi r ed and ot her  bi oengi neer ed or  har d st r uct ur es 
ar e used f or  bank st abi l i t y .   Fasci nes shoul d be 
wr apped wi t h er osi on cont r ol  mat t i ng when i nst al l ed 
i n f i ne- gr ai ned cohesi onl ess soi l  t o r educe er osi on 
of  backf i l l .

Fasci nes shoul d not  be const r uct ed on t he gr ound.   
El evat ed t abl es or  br aces shoul d be used f or  
assembl y.   Al l  f asci nes bundl es shoul d be 
const r uct ed by l ayi ng l i ve cut t i ngs par al l el  t o one 
anot her  wi t h al l  gr owt h t i ps or i ent ed i n t he same 
di r ect i on.   The cut t i ngs shoul d have a mi ni mum of  
300 mm 1- f oot  of  over l ap on successi ve l ayer s.   The 
l i ve veget at i on cut t i ngs shoul d be secur ed i nt o a 
bundl e usi ng bi odegr adabl e bi nder s spaced ever y 450 
t o 600 mm 1. 5 t o 2 f eet  al ong t he l engt h of  t he 
bundl e.   The f asci nes shoul d be car r i ed t o t he 
i nst al l at i on s i t e i n a manner  t hat  pr event s 
excessi ve bendi ng or  br eakage.   Fasci nes wi t h br oken 
or  l oose cut t i ngs due t o excessi ve bendi ng or  t he 
f ai l ur e of  bi nder s must  be r epai r ed or  r epl aced at  
no expense t o t he Gover nment .

**************************************************************************

3. 12. 1. 5. 1   Hor i zont al  Fasci nes

I nst al l  al l  t r enches par al l el  t o t he di r ect i on of  t he bank cont our s.   Al l  
t r enches shal l  be 450 mm 18 i nches wi de and not  mor e t han 50 mm 2 i nches 
deeper  t han t he di amet er  of  t he f asci ne bundl es.

a.   A key t r ench shal l  be excavat ed [ at  t he t oe of  t he bank]  [ at  t he mean 
[ hi gh]  wat er  l evel ]  [ at  t he l ocat i on shown on t he dr awi ngs]  [ t o a dept h 
of  1 m 3 f eet  bel ow t he mean hi gh wat er  l evel ]  and shal l  ext end t he 
f ul l  l engt h of  t he wor ki ng ar ea.   Tr enches up s l ope of  t he key t r ench 
shal l  be [ t he same l engt h as t he key t r ench]  [ 3 m 10 f eet  i n l engt h and 
separ at ed by a spaci ng of  3 m 10 f eet  l ongi t udi nal l y.   The mi dpoi nt s of  
t he t r enches pl aced up s l ope shal l  coi nci de wi t h t he mi dpoi nt s of  t he 
spaces bet ween t he down sl ope t r enches] .  Tr enches shal l  be spaced 1. 2 m 
4 f eet  apar t .   A t r ench shal l  be i nst al l ed at  t he t oe and at  t wo f eet  
bel ow t he cr est  of  t he bank r egar dl ess of  spaci ng i nt er val .   These 
t r enches shal l  ext end t he f ul l  l engt h of  t he wor k s i t e.   [ At  l east  [ 2]  
[ _____]  t r enches shal l  be pl aced l andwar d of  t he cr est  of  t he s l ope at  
a spaci ng of  1. 2 m 4 f eet . ]   Al l  t r enches shal l  be [ keyed i nt o t he bank 
s l ope]  [ and]  [ f i l l ed f or  a di st ance of  1 m 3 f eet  wi t h l ar ge nat ur al  
st one at  t he up st r eam and down st r eam ends of  t he t r enches] .

b.   The f asci ne bundl e shal l  be pl aced i n t he cent er  of  t he t r ench wi t h at  
l east  50 mm 2 i nches of  t he bundl e exposed above t he t op of  t he 
exi st i ng gr ade of  t he st r eam bank.   The j unct i on bet ween t he ends of  
adj acent  f asci ne bundl es i n t he same t r ench shal l  be [ of f set  
s i de- by- si de]  [ i nt er woven wi t h each ot her ]  f or  a di st ance of  300 mm 
1- f oot .   The f asci ne bundl e shal l  be anchor ed i n t he t r ench wi t h [ l i ve]  
[ and]  [ dead]  [ st akes]  [ and]  [ pol es]  t hat  ar e at  l east  50 mm 2 i nches 
[ squar e]  [ i n di amet er ]  at  t he t op,  700 mm 2. 5 f eet  i n l engt h,  and 
t aper ed f r om t he t op t o t he base.   The [ st akes]  [ pol es]  shal l  be dr i ven 
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ver t i cal l y  t hr ough t he f asci ne unt i l  f l ush wi t h t he t op of  t he bundl e 
st ar t i ng 1- f oot  f r om t he end of  each f asci ne and spaced ever y 1 m 3 f eet
 t her eaf t er .   A t er mi nal  [ st ake]  [ pol e]  shal l  be dr i ven 300 mm one- f oot  
f r om t he end of  t he f asci ne r egar dl ess of  spaci ng i nt er val .   [ St akes]  
[ Pol es]  shal l  not  be dr i ven t hr ough or  wi t hi n 150 mm 6 i nches of  t he 
bi nder s.   Li ve [ st akes]  [ pol es]  shal l  be dr i ven i nt o t he s l ope on t he 
downhi l l  s i de of  t he f asci ne bundl e at  an angl e not  t o exceed 45 degr ee 
f r om ver t i cal .   The [ st akes]  [ pol es]  shal l  be pl aced at  t he mi dpoi nt  
bet ween t he anchor  [ st akes]  [ pol es]  and shal l  cont act  t he under si de of  
t he f asci ne,  but  shal l  not  penet r at e t he f asci ne.   At  l east  75 mm 3 
i nches of  t hese downhi l l  l i ve [ st akes]  [ pol es]  shal l  ext end above t he 
gr ound sur f ace.   Soi l  shal l  be pl aced and l i ght l y t amped i nt o pl ace 
ar ound t he f asci ne and br ushed i nt o t he voi ds i n t he f asci ne unt i l  onl y 
t he t op of  t he bundl e i s par t i al l y  exposed.   The t op of  t he backf i l l  
shal l  s l ope t owar ds t he back of  t he f asci ne t r ench t o pr event  
over t oppi ng by r unof f  and t o r et ai n wat er  and sedi ment .

c.   [ A s i ngl e f asci ne shal l  be pl aced i n t he key t r ench. ]   [ Up t o [ 3]  
[ _____]  f asci nes shal l  be st acked on t op of  one anot her  i n t he key 
t r ench. ]   Li ve pol es shal l  be dr i ven ver t i cal l y  i nt o t he gr ound t o a 
mi ni mum dept h of  600 mm 2 f eet  t o secur e t he [ st acked]  f asci ne 
bundl e( s)  i n t he key t r ench.   These pol es shal l  ext end at  l east  600 mm 
2 f eet  above t he t op of  t he upper  most  bundl e.   Key t r enches shal l  be 
backf i l l ed wi t h compact ed [ r emoved sedi ment ]  [ sel ect  f i l l ]  t o mat ch t he 
[ exi st i ng]  [ f i nal  gr ade of  t he]  sur f ace.

3. 12. 1. 5. 2   Ver t i cal  Fasci nes

Tr enches shal l  be i nst al l ed nor mal  t o t he bank cont our s and shal l  be spaced 
3 m 10 f eet  apar t  st ar t i ng f r om t he up st r eam end of  t he wor k s i t e.   A 
t r ench shal l  be pl aced at  t he down st r eam end of  t he wor k s i t e r egar dl ess 
of  spaci ng i nt er val .   The t r enches shal l  ext end [ f r om t he [ t oe of  t he bank]  
[ key t r ench] ]  t o [ [ t he cr est  of  t he bank]  [ 3 m 10 f eet  l andwar d of  t he 
cr est  of  t he bank] ]  [ bet ween t he hor i zont al  f asci ne t r enches.   Ver t i cal  
t r enches shal l  be of f set  by 1. 5 m 5 f eet  bet ween hor i zont al  t r enches t o 
pr event  t hr ough f l ow of  dr ai nage] .   Al l  t r enches shal l  be 450 mm 18 i nches 
wi de and not  mor e t han 50 mm 2 i nches deeper  t han t he di amet er  of  t he 
f asci ne bundl es.   [ A key t r ench shal l  be excavat ed par al l el  t o t he bank 
cont our s at  t he [ t oe of  t he bank]  [ mean hi gh wat er  l evel ]  and shal l  ext end 
t he f ul l  l engt h of  t he wor ki ng ar ea.   The key t r ench shal l  be f i l l ed wi t h 
hor i zont al  f asci ne bundl es as speci f i ed above i n par agr aph HORI ZONTAL 
FASCINES].

a.   The f asci ne bundl e shal l  be pl aced i n t he cent er  of  t he t r ench wi t h at  
l east  50 mm 2 i nches of  t he bundl e exposed above t he t op of  t he 
exi st i ng gr ade of  t he st r eam bank.   The j unct i on bet ween t he ends of  
adj acent  f asci ne bundl es i n t he same t r ench shal l  be [ of f set  
s i de- by- si de]  [ i nt er woven wi t h each ot her ]  f or  a di st ance of  300 mm 
1- f oot .   The f asci ne bundl e shal l  be anchor ed i n t he t r ench wi t h [ l i ve]  
[ and]  [ dead]  [ st akes]  [ and]  [ pol es]  t hat  ar e l east  50 mm 2 i nches 
[ squar e]  [ i n di amet er ]  at  t he t op,  700 mm 2. 5 f eet  i n l engt h,  and 
t aper ed f r om t he t op t o t he base.

b.   The [ st akes]  [ pol es]  shal l  be dr i ven ver t i cal l y  t hr ough t he f asci ne 
unt i l  f l ush wi t h t he t op of  t he bundl e st ar t i ng 300 mm 1- f oot  f r om t he 
end of  each f asci ne and spaced ever y 1 m 3 f eet  t her eaf t er .   A t er mi nal  
[ st ake]  [ pol e]  shal l  be dr i ven 300 mm one- f oot  f r om t he end of  t he 
f asci ne r egar dl ess of  spaci ng i nt er val .   [ St akes]  [ Pol es]  shal l  not  be 
dr i ven t hr ough or  wi t hi n 150 mm 6 i nches of  t he bi nder s.   Li ve [ st akes]  
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[ pol es]  shal l  be dr i ven i nt o t he s l ope on t he up st r eam and down st r eam 
si des of  t he f asci ne bundl e at  an angl e not  t o exceed 45 degr ee f r om 
ver t i cal .   The [ st akes]  [ pol es]  shal l  be pl aced at  t he mi dpoi nt  bet ween 
t he anchor  [ st akes]  [ pol es]  and shal l  cont act  t he under si de of  t he 
f asci ne,  but  shal l  not  penet r at e t he f asci ne.   At  l east  75 mm 3 i nches 
of  t he up st r eam and down st r eam l i ve [ st akes]  [ pol es]  shal l  ext end 
above t he gr ound sur f ace.

c.   Soi l  shal l  be pl aced and compact ed i nt o pl ace ar ound t he f asci ne and 
br ushed i nt o t he voi ds i n t he f asci ne unt i l  onl y t he t op of  t he bundl e 
i s par t i al l y  exposed.   The t op of  t he backf i l l  shal l  be r oughened,  
seeded,  and cover ed wi t h er osi on cont r ol  mat t i ng t o pr event  t he l oss of  
soil.

3. 12. 1. 6   Si l t at i on st r uct ur es

**************************************************************************
NOTE:   Si l t at i on st r uct ur es ar e composed of  l i ve or  
dead cut t i ngs t hat  ar e pl aced par al l el  t o t he t oe of  
a st r eam bank at  or  bel ow t he mean hi gh wat er  
el evat i on of  t he st r eam.   These st r uct ur es pr ovi de 
i mmedi at e er osi on pr ot ect i on,  f i sh habi t at  dur i ng 
hi gh f l ow event s,  and t r ap sedi ment  t hat  r esul t s i n 
bank aggr adat i on.   The st r uct ur es def l ect  t he 
cur r ent  i n t he st r eam away f r om t he t oe of  t he bank 
t o pr event  scour  and under cut t i ng.   The st abi l i t y  of  
t he bank i s i mpr oved as r oot  syst ems devel op.

Si l t at i on st r uct ur es ar e r ecommended f or  s i t es wi t h 
l ow f l ow vel oci t i es such as t he i nsi des of  meander  
bends,  s i de channel s,  and i n ar eas of  bank scour  
behi nd obst r uct i ons.   The st r uct ur es ar e wel l  sui t ed 
f or  l ocat i ons wher e t he devel opment  of  new bank i s  
desi r ed.   Si l t at i on st r uct ur es shoul d be combi ned 
wi t h l ar ge nat ur al  st one,  coi r  l ogs,  r oot  wads,  or  
ot her  har d st r uct ur es i f  used i n ar eas subj ect  t o 
hi gh f l ow vel oci t i es and scour .

The st r uct ur es may be const r uct ed of  l i ve or  dead 
cut t i ngs.   Li ve cut t i ngs shoul d be 1 t o 2 m 3 t o 6 
f eet  i n l engt h,  f l exi bl e,  and f r om speci es of  pl ant s 
wi t h do not  mat ur e t o hei ght s gr eat er  t han 3 m 10 
f eet .   Si de br anches may r emai n on t he cut t i ngs.   
Li ve cut t i ng st r uct ur es shoul d be pl aced at  t he mean 
hi gh wat er  el evat i on of  t he st r eam t o al l ow gr owt h 
of  veget at i on unl ess t he sel ect ed speci es i s capabl e 
of  r oot  gener at i on under  sat ur at ed condi t i ons.

Dead cut t i ngs may be i ncor por at ed i nt o a l i ve 
st r uct ur e t o i mpr ove i t s r esi l i ency and r esi st ance 
t o abr asi on by sedi ment  and debr i s.   The dead 
cut t i ngs may be f r om any l ocal l y avai l abl e speci es 
of  veget at i on.   St r uct ur es composed compl et el y of  
dead cut t i ngs ar e sui t abl e f or  ar eas wer e t empor ar y 
bank aggr adat i on and er osi on pr ot ect i on ar e 
desi r ed.   Dead cut t i ng st r uct ur es may be pl aced 
above or  bel ow t he mean hi gh wat er  l evel  of  t he 
st r eam.   I f  t he dead st r uct ur e i s  pl aced bel ow t he 
mean hi gh wat er  l evel ,  i t  i s  r ecommended t hat  l ar ge 
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nat ur al  st one be pl aced on t he cut t i ngs t o r educe 
f l oat i ng of  t he cut t i ngs.   Mor e t han one r ow of  l i ve 
or  dead si l t at i on st r uct ur es may be pl aced al ong a 
st r eam bank t o i ncr ease t he wi dt h of  cover age.

Si l t at i on st r uct ur es may be pl aced on t he st r eam 
bank nor mal  t o t he t oe of  t he bank and or i ent ed up 
t o 15 degr ees down st r eam f r om t he per pendi cul ar  t o 
t he t oe.   Theses st r uct ur es ar e r ecommended f or  l ow 
sl ope banks t o r educe er osi on of  l ow banks,  i mpr ove 
bank st abi l i t y  due t o r oot  devel opment ,  and f or  
ar eas wher e sedi ment at i on i s desi r ed.   The spaci ng 
bet ween t hese st r uct ur es shoul d be det er mi ned based 
on act ual  f i el d condi t i ons and f l ow vel oci t i es t o 
pr event  scour  bet ween t he st r uct ur es.   Li ve st akes 
or  pol es may be pl aced bet ween t he s i l t at i on 
structures.

**************************************************************************

a.   The si l t at i on st r uct ur e shal l  [ be [ par al l el ]  [ nor mal ] ]  [ consi st  of  
segment s par al l el  and nor mal ]  t o t he cont our s of  t he bank.   The 
st r uct ur e shal l  be composed of  [ l i ve]  [ dead]  [ l i ve and dead cut t i ngs,  
compr i s i ng [ 80 per cent ]  [ and]  [ 20 per cent ]  of  t he st r uct ur e,  
r espect i vel y] .   Cut t i ngs shal l  be 1 t o 2 m 3 t o 6 f eet  i n l engt h [ and 
f l exi bl e]  wi t h s i de br anches at t ached.

b.   The cut t i ngs shal l  be pl aced i n a t r ench t hat  i s  excavat ed [ at  t he t oe 
of  t he bank]  [ 1 m 3 f eet  f r om t he t oe of  t he bank t owar ds t he st r eam 
channel ]  [ as shown on t he dr awi ngs] .    The t r ench shal l  [ be par al l el  t o 
t he bank cont our s and at  t he mean hi gh wat er  el evat i on. ]  [ ext end t he 
ent i r e l engt h of  t he wor k s i t e. ]  [ [ nor mal ]  [ i ncl i ned at  15 degr ees down 
st r eam t o t he bank cont our s. ] ]  [ The t r ench shal l  ext end f r om t he t oe of  
t he bank t o t he mean wat er  el evat i on of  t he st r eam. ]   Al l  t r enches 
shal l  be 600 mm 2 f eet  deep wi t h a ' V'  shaped cr oss sect i on.   [ Tr enches 
shal l  be spaced 1 m 3 f eet  apar t . ]  [ Al l  t r enches shal l  be keyed 1 m 3 
f eet  i nt o t he st r eam bank. ]

c.   The ends of  t he cut t i ngs shal l  be pushed ver t i cal l y  i nt o t he bot t om of  
t he t r ench al ong t he cent er l i ne and shal l  have t he gr owt h t i ps ext endi ng
 450 mm 1. 5 f eet  above t he t op of  t he t r ench.   The cut t i ngs shal l  be 
pl aced t o f or m a l ayer  t hat  i s  150 mm 6 i nches t hi ck wi t h at  l east  [ 15]  
[ _____]  cut t i ngs per  300 mm l i near  f oot  of  t r ench.   Lar ge nat ur al  s t one 
shal l  be pl aced on ei t her  s i de of  t he bases of  t he cut t i ngs and 
backf i l l  shal l  be pl aced t o i nf i l l  bet ween t he st ones t o t he t op of  t he 
exi st i ng [ desi gn]  gr ade.   [ The st r eam si de por t i on of  t he st r uct ur e and 
t he t oe of  t he bank shal l  be pr ot ect ed wi t h [ coi r  l ogs]  [ exposed dead 
f asci nes]  [ l ar ge nat ur al  st one wi t h j oi nt  pl ant i ngs of  [ l i ve]  [ and]  
[ dead]  [ pol es]  [ st akes]  [ r oot  wads] ] ] .   The ends of  t he st r uct ur e shal l  
be pr ot ect ed wi t h l ar ge nat ur al  s t one pl aced on t he up st r eam si de of  
st r uct ur e wher e i t  t i es i nt o t he st r eam bank.

3. 12. 1. 7   Br ush Mat

**************************************************************************
NOTE:   A br ush mat  i s  composed of  l i ve or  dead 
cut t i ngs t hat  ar e pl aced on t he st r eam bank t o f or m 
a densel y packed l ayer  of  cut t i ngs.   These 
st r uct ur es pr ovi de i mmedi at e er osi on pr ot ect i on,  
habi t at  f or  f i sh dur i ng hi gh f l ow event s,  and t he 
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r api d est abl i shment  of  ext ensi ve r oot  syst ems i n t he 
bank.   Br ush mat s ar e wel l  sui t ed f or  er osi on 
pr ot ect i on of  banks damaged by f l oodi ng.   The gr owt h 
of  t he veget at i on composi ng t he mat  st r uct ur e may be 
i mpr oved by pl aci ng an i ni t i al  l i f t  of  br ush and 
cover i ng i t  wi t h soi l  and t hen pl aci ng a second l i f t  
of  br ush t o t he desi gn sur f ace.   The mat  i s  hel d i n 
pl ace by anchor  st akes or  pol es and f ur t her  secur ed 
t o t he s l ope by r ope or  bi ndi ng pr oduct s t hat  ar e 
l aced bet ween t he anchor  pol es.   Er osi on cont r ol  
mat t i ng may be i nst al l ed beneat h t he br ush mat  t o 
r educe er osi on of  s l ope soi l ,  especi al l y  i f  t hi s 
soi l  i s  poor l y compact ed or  easi l y er oded.

Br ush mat s r equi r e l ar ge quant i t i es of  veget at i on 
and l abor  f or  const r uct i on.   I f  an i nsuf f i c i ent  
suppl y of  l i ve cut t i ngs i s avai l abl e,  t hen dead 
cut t i ngs may be i nt er mi xed wi t h t he l i ve cut t i ngs i n 
appr oxi mat el y equal  por t i ons.   Dead cut t i ngs shoul d 
be f l exi bl e t o al l ow const r uct i on and i nt er weavi ng 
wi t h t he l i ve cut t i ngs.   The base of  t he mat  at  t he 
t oe of  t he bank shoul d be secur ed wi t h r ock or  
l ongi t udi nal  bi oengi neer ed st r uct ur es t o pr event  
er osi on or  damage of  t he mat .   The cut t i ngs f or  t he 
mat  may be pl aced i n smal l  t r enches cut  i nt o t he 
f ace of  t he bank or  pushed di r ect l y i nt o t he s l ope 
wi t hout  t he excavat i on of  t r enches.

**************************************************************************

a.   [ Li ve]  [ and]  [ dead]  cut t i ngs shal l  be gener al l y st r ai ght ,  suppl e,  1. 5 m 
5 f eet  l ong,  and shal l  have l at er al  br anches st i l l  at t ached.   The cut  
ends of  t he cut t i ngs shal l  be shaped t o shar p t i ps f or  penet r at i on i nt o 
t he st r eam bank.   The cut t i ngs shal l  be pl aced i n r ows par al l el  t o t he 
cont our s of  t he bank st ar t i ng 1 m 3 f eet  bel ow t he bank cr est .   The 
r ows shal l  be spaced ever y 600 mm 2 f eet  t her eaf t er  down sl ope t o t he 
t oe of  t he bank.   Al l  r ows shal l  ext end t he f ul l  l engt h of  t he wor k 
site.

b.   The cut  ends of  t he cut t i ngs shal l  be pushed i nt o t he bank at  t he same 
cont our  el evat i on f or  each r ow wi t h t he gr owt h t i ps t owar d t he t op of  
t he bank.   The cut t i ngs shal l  be or i ent ed [ nor mal ]  [ at  an angl e of  15 
degr ees down st r eam f r om nor mal ]  t o t he bank t oe.   At  l east  15 cut t i ngs 
shal l  be pl aced per  300 mm l i ner  f oot  i n each r ow.   A l i ght  r ol l er  and 
f oot  pr essur e shal l  be used t o push t he cut t i ngs of  subsequent  r ows 
agai nst  t he bank over  t he cut t i ngs of  pr ecedi ng r ows t o achi eve a mat  
t hi ckness of  100 mm 4 i nches.   [ Up t o 15 per cent  of  t he cut t i ngs shal l  
be pl aced par al l el  t o t he s l ope of  t he bank and i nt er woven wi t h t he 
cut t i ngs t hat  ar e pl aced wi t h t he gr owt h t i ps t owar d t he t op of  t he 
bank.   These par al l el  cut t i ngs shal l  r ei nf or ce t he br ush mat .   The 
gr owt h t i ps of  t he par al l el  cut t i ngs shal l  be or i ent ed down st r eam. ]   
The pr ocess of  pl aci ng and compr essi ng cut t i ngs shal l  cont i nue down 
sl ope unt i l  t he t oe of  t he bank i s r eached.   A r ow of  cut t i ngs shal l  be 
pl ace al ong t he t oe of  t he bank r egar dl ess of  spaci ng i nt er val .

c.   The t oe of  t he bank shal l  be pr ot ect ed by [ l ar ge nat ur al  st ones]  
[ [ l i ve]  [ dead]  f asci nes]  [ coi r  l ogs]  t hat  over l i e t he base of  t he 
cut t i ngs of  t he r ow at  t he t oe of  t he bank.   [ An er osi on cont r ol  mat  
shal l  be i nst al l ed on t he pr epar ed gr ade of  t he bank s l ope bef or e t he 
pl acement  of  t he cut t i ngs. ]   [ The ends of  t he mat  shal l  ext end 1. 2 m 4 
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f eet  over  unpr epar ed bank. ]

d.   [ Li ve]  [ Dead]  anchor  st akes t hat  ar e 50 mm 2 i nches i n di amet er  shal l  
be dr i ven t hr ough t he mat  and 600 mm 2 f eet  i nt o t he st r eam bank.   The 
t ops of  t hese st akes shal l  not  ext end mor e t han 300 mm 1- f oot  above t he 
t op of  t he mat .   The st akes shal l  be pl aced i n r ows par al l el  t o t he 
bank cont our s st ar t i ng at  t he cr est  of  t he bank wi t h t he st akes spaced 
1 m 3 f eet  apar t .   Subsequent  down sl ope r ows shal l  be spaced ever y 1 m 
3 f eet  t o t he t oe of  t he bank.   A r ow of  st akes shal l  be i nst al l ed 
al ong t he t oe of  t he bank r egar dl ess of  spaci ng i nt er val  t o anchor  t he 
base of  t he mat .   The t op of  each anchor  st ake shal l  be not ched wi t h a 
13 mm 1/ 2- i nch deep t r i angul ar  cut  t hat  i s  nor mal  t o t he l engt h of  t he 
st ake and 25 mm 1 i nch bel ow t he t op of  t he mat  when compr essed by f oot  
pr essur e adj acent  t o t he st ake.

e.   The up st r eam and down st r eam ends of  t he mat  shal l  be secur ed wi t h 
anchor  st akes t hat  shal l  be pl aced wi t h a spaci ng i nt er val  equal  t o one 
hal f  t he above speci f i ed spaci ng di st ance of  st akes i n t he r ows.   The 
one hal f  di st ance spaci ng of  st akes shal l  ext end f or  1 m 3 f eet  t owar ds 
t he cent er  of  t he st r uct ur e f r om t he up st r eam and down st r eam ends of  
t he mat  and shal l  ext end f r om t he base t o t he t op of  t he mat  at  t hese 
locations.

f .   The mat  shal l  be secur ed t o t he s l ope usi ng bi ndi ng r opes.   The r opes 
shal l  be l aced acr oss t he mat  i n a di agonal .   A s i ngl e l engt h of  r ope 
shal l  be secur ed t o a st ake i n t he r ow of  st akes at  t he t oe of  t he 
bank.   The r ope shal l  be secur ed t o each st ake t hat  i s  or i ent ed 
di agonal l y t o t hi s st ake i n a s i ngl e di r ect i on f r om t he t oe of  t he bank 
t o t he cr est  of  t he bank.   Ropes t hat  cr oss bet ween st akes shal l  be 
t i ed t oget her .   Ropes shal l  be secur ed par al l el  and nor mal  t o t he s l ope 
al ong t he r ows of  st akes and t o t he st akes t hat  l i e i n a l i ne f r om t he 
cr est  t o t he t oe of  t he bank.   These r opes shal l  be t i ed t oget her  wher e 
t hey meet  bet ween st akes.   Al l  r opes shal l  be secur ed t o t he st akes 
wi t h non r avel i ng knot s.   No mor e t han 150 mm 6 i nches of  r ope shal l  
r emai n at  t he ends of  t he r ope l engt hs af t er  t hey ar e i nst al l ed.

g.   [ Removed soi l ]  [ Sel ect  f i l l ]  shal l  be br ushed i nt o t he mat  t o wi t hi n 50 
mm 2 i nches of  t he t op of  t he st r uct ur e.

3. 12. 1. 8   Cl ump Pl ant i ng

**************************************************************************
NOTE:   Cl ump pl ant i ng r equi r es t he excavat i on,  
t r anspor t ,  and pl acement  of  l i ve veget at i on wi t h 
r oot  wads and at t ached soi l .   Thi s pl ant i ng met hod 
i s r ecommended f or  est abl i shi ng veget at i on on st eep 
banks of  l i mi t ed hei ght  and on t he upper  banks or  
f l oodpl ai ns of  a st r eam wher e t he pl ant s wi l l  not  be 
subj ect ed t o l ong per i ods of  i nundat i on by wat er  and 
wher e adequat e moi st ur e i s avai l abl e.   Pl ant i ngs 
shoul d not  be subj ect ed t o er osi on,  f l oodi ng,  ani mal  
t r af f i c  or  gr azi ng,  dr y condi t i ons,  or  hi gh wi nds 
dur i ng t he f i r st  sever al  year s af t er  i nst al l at i on.   
Mi nor  ear t hwor k i s r ecommended t o r educe ver t i cal  
f aces or  r emove under cut  s l opes f r om t he bank t o 
l i mi t  t he l oss of  pl ant  c l umps due t o scour  or  
f l oodi ng.   Sel ect ed woody veget at i on shoul d not  gr ow 
t o l ar ge mat ur e t r ees,  whi ch coul d i nduce scour  and 
l oss of  t he bank due t o obst r uct i on of  t he st r eam 
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f l ow or  t he r ot at i on of  t he t r ee i nt o t he st r eam 
channel  and cr eat i on of  a l ar ge hol e as t he r oot  wad 
i s pul l ed f r om t he bank.   Heavy equi pment  may be 
r equi r ed i f  pl ant  c l umps or  r oot  wads ar e t oo l ar ge 
t o be easi l y moved by manual  ef f or t s.  The t oe of  t he 
st r eam bank shoul d be pr ot ect ed f r om er osi on by t he 
pl acement  of  l ar ge nat ur al  st one,  er osi on cont r ol  
mat t i ng,  or  const r uct i on of  l ongi t udi nal  
bi oengi neer ed st r uct ur es.   I r r i gat i on and f enci ng 
may be r equi r ed t o ensur e t he sur vi vabi l i t y  of  t he 
plants.

**************************************************************************

a.   The st r eam bank shal l  be pr epar ed f or  c l ump pl ant i ng by excavat i ng 600 
mm 2 f eet  deep hol es wi t h f l oor s t hat  s l ope i nt o t he bank and t hat  ar e 
at  l east  150 mm 6 i nches l onger  and wi der  t han t he same di mensi ons of  
t he r emoved cl umps.   The f l oor s of  t hese hol es shal l  not  be wi t hi n 150 
mm 6 i nches of  t he gr oundwat er  t abl e.   The excavat i ons shal l  be [ spaced 
at  2 m 6 f eet  and separ at ed by 1 m 3 f eet  of  exi st i ng bank]  [ 1 m 3 f eet  
i n wi dt h,  cont i nuous,  and separ at ed by 1 m 3 f eet  of  exi st i ng bank]  
al ong t he ext ent  of  t he wor k s i t e.   Removed soi l  shal l  be used as 
backf i l l .   Excess soi l  f r om t he excavat i ons shal l  be [ r emoved f r om t he 
s i t e]  [ t hi n spr ead on t he upper  bank l andwar d of  t he c l ump pl ant i ngs] .   
The exposed sur f ace of  t he backf i l l  shal l  be r oughened and seeded [ and 
cover ed wi t h er osi on cont r ol  pr oduct s] .

b.   Sui t abl e speci es f or  t r anspl ant  shal l  be l ocat ed i n t he v i c i ni t y of  t he 
wor k s i t e.   Pl ant  speci es shal l  not  mat ur e t o hei ght s gr eat er  t han 4. 5 m
 15 f eet  or  t r unk di amet er s exceedi ng 100 mm 4 i nches.   Cl umps of  
pl ant s shal l  not  exceed t he wi dt h of  t he r emoval  equi pment .   I f  c l umps 
ar e r emoved by hand,  t hese c l umps shal l  not  exceed 1 m 3 f eet  i n any 
di mensi on.   The cl umps shal l  be r emoved wi t h exi st i ng soi l  and as many 
shal l ow r oot s as possi bl e t o ai d i n gr owt h and sur vi val ,  and shal l  be 
t r anspor t ed i mmedi at el y t o t he wor k s i t e and pl aced.

c.   Pr i or  t o pl acement ,  t he excavat i on shal l  be f l ooded wi t h wat er  t o 
moi st en t he soi l  and ai d i n pl ant  sur vi val .   The pl ant  c l umps shal l  be 
pl aced wi t h veget at i on [ st andi ng ver t i cal l y ]  [ s l i ght l y i ncl i ned t owar ds 
t he st r eam]  and f i r ml y pushed i nt o t he soi l  at  t he base of  t he 
excavat i on t o pr event  r af t i ng.   At  l east  [ [ 3]  [ _____] ]  [ dead st akes]  
[ or ]  [ l i ve pol es]  shal l  be dr i ven t hr ough each cl ump t o secur e i t  t o 
t he bank.   Bi odegr adabl e coi r  net  wi t h a mi ni mal  l i f e of  2 year s shal l  
be pl aced on t op of  t he soi l  of  t he c l ump and shal l  ext end 1 m 3 f eet  
ont o t he bank beyond t he l i mi t s of  t he excavat i on.

3. 12. 2   Tr ansver se St r uct ur es

**************************************************************************
NOTE:   Tr ansver se st r uct ur es consi st  of  l i ve 
veget at i on or  a combi nat i on of  l i ve veget at i on and 
har d mat er i al  ( dead veget at i on,  l ogs,  r ock,  and 
nat ur al  st one)  t hat  ar e const r uct ed nor mal  t o and 
acr oss smal l  st r eam or  r i ver  channel s or  nar r ow 
gul l i es.   These st r uct ur es ar e r ecommended f or  
st r eams wi t h l ow f l ow,  i nt er mi t t ent  st r eams,  or  dr y 
gul l i es subj ect  t o f l ow af t er  pr eci pi t at i on event s.   
The har der  st r uct ur es may be used i n nar r ow channel s 
t hat  exper i ence i nf r equent  or  seasonal l y t or r ent i al  
flows.
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The t r ansver se st r uct ur es f unct i on as wei r s and dr op 
st r uct ur es,  whi ch r educe t he vel oci t y of  st r eam 
f l ow,  bed degr adat i on,  and may r esul t  i n t he 
t r ansf or mat i on of  t he channel  pr of i l e t o a st epped 
pr of i l e due t o t he r et ent i on of  sedi ment  and 
debr i s.   The r educt i on i n f l ow vel oci t y ai ds i n 
r educi ng bank er osi on.   I n addi t i on,  t hese 
st r uct ur es may be pl aced at  t he t oe and par al l el  t o 
t he st r eam bank,  t hus di r ect l y i mpr ovi ng bank 
st abi l i t y  and r educi ng under cut t i ng and er osi on 
especi al l y  i n ar eas wi t h banks composed of  l ow 
cohesi ve mat er i al s.   St r uct ur es shoul d be pl aced 
wi t h key t r enches i nt o t he banks t o i mpr ove 
st abi l i t y  and t o pr event  t he by pass of  t he 
st r uct ur e due t o l at er al  er osi on of  t he bank.

Advant ages of  t r ansver se st r uct ur es ar e ease of  
const r uct i on at  r emot e s i t es usi ng l ocal l y avai l abl e 
mat er i al s and t he est abl i shment  of  habi t at  wi t h 
t i me.   A pr i mar y di sadvant age of  t hese st r uct ur es i s 
t hat  t hey may obst r uct  f i sh passage and may r educe 
t he conveyance of  t he channel  r esul t i ng i n l ocal  
f l oodi ng.   Ther ef or e,  t he st r uct ur es shoul d be 
desi gned t o al l ow f i sh passage and const r uct ed of  
suppl e veget at i on t hat  mat ur es t o mi ni mal  hei ght .   
Some t r ansver se st r uct ur es r equi r e s i gni f i cant  
amount s of  manual  l abor  and may not  be economi cal  i n 
ar eas of  l i mi t ed veget at i on suppl y.   Per i odi c 
mai nt enance may be r equi r ed t o r emove excessi ve 
amount s of  t r apped debr i s t o pr event  possi bl e 
f l oodi ng,  f i r e danger s,  bui l d up of  decomposi ng 
pl ant  mat er i al ,  or  heat h hazar ds caused by 
habi t at i on of  t he debr i s by i nsect s or  ver mi n or  
t r appi ng of  dead f i sh or  ani mal s.   These st r uct ur es 
may be combi ned wi t h ot her  f or ms of  l i ve and dead 
bi oengi neer ed st r uct ur es and har d st r uct ur es such as 
gabi ons,  or  r i pr ap.

St agnant  wat er  may become pr esent  behi nd t r ansver se 
st r uct ur es dependi ng on s i t e condi t i ons.   These 
ar eas of  st agnat e wat er  may become br eedi ng gr ounds 
f or  mosqui t oes or  ot her  i nsect s and undesi r abl e 
aquat i c pl ant s and ani mal s.   The desi gner  shal l  
i ncl ude adequat e dr ai nage f eat ur es i n t he desi gn t o 
r emove wat er  f r om behi nd t he st r uct ur e,  such as open 
channel s,  dr ai nage pi pes,  or  passi ve subsur f ace 
drains.

**************************************************************************

3. 12. 2. 1   Palisade

**************************************************************************
NOTE:   A l i ve pal i sade i s a wei r  composed of  l i ve 
pol es,  whi ch devel ops i nt o a t r ansver se zone of  
veget at i on t hat  cr osses t he st r eam channel .   These 
st r uct ur es may be i nst al l ed r api dl y,  ar e easy t o 
const r uct ,  and pr ovi de shade t o t he st r eam channel  
as t he veget at i on mat ur es.   Pal i sades ar e best  
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sui t ed f or  smal l  gul l i es or  st r eams i n l ow- l y i ng 
ar eas t hat  ar e l ess t han 10 m 30 f eet  wi de and 4 m 
12 f eet  deep.   The st r eambed shoul d consi st  of  l oose 
sand,  s i l t ,  or  sof t  c l ay t o al l ow easy i nst al l at i on 
of  t he pol es used i n t he const r uct i on of  t he 
pal i sade.   A st eel  r od may be r equi r ed t o i nst al l  
pi l ot  hol es f or  t he dr i v i ng of  t he pol es i n medi um 
t o har d c l ay,  dense sand,  sand wi t h f i ne gr avel ,  and 
medi um dense si l t .   Pal i sades may be i nst al l ed i n 
coar se al l uvi al  st r eams i f  pl aced i n a t r ench 
excavat ed i n t he st r eambed.   These st r uct ur es i n 
coar se al l uvi al  syst ems shoul d be v i ewed as 
t empor ar y and expendabl e s i nce t hey may be damaged 
by bed l oad and l ar ge debr i s t r anspor t ed dur i ng 
per i ods of  hi gh f l ow.

A pal i sade may be const r uct ed ent i r el y of  dead pol es 
i f  t he pr oj ect  obj ect i ve i s t he t empor ar y 
st abi l i zat i on of  t he st r eam channel .   These 
st r uct ur es wi l l  not  become r ei nf or ced wi t h t i me by 
r oot  st r uct ur es and wi l l  det er i or at e.   However ,  
dependi ng on t he s i t e condi t i ons,  t hese st r uct ur es 
may be adequat e f or  t he r et ent i on of  sedi ment  on 
whi ch nat i ve gr asses and veget at i on may t ake r oot ,  
t hus r esul t i ng i n t he evol ut i on of  t he dead 
st r uct ur e t o a l i ve t r ansver se br ush s i l l .   Dead 
pal i sades may be used i n coar se al l uvi al  st r eams 
si nce t he est abl i shment  of  a veget at ed st r uct ur e i s 
not  expect ed and may not  be desi r ed.

The l i ve or  dead pol es shoul d be dr i ven a mi ni mum of  
600 mm 2 f eet  i nt o t he st r eambed f or  pol es under  1. 5 
m 5 f eet  i n l engt h.   Pol es over  1. 5 m 5 f eet  i n 
l engt h shoul d be dr i ven a mi ni mum of  1 m 3 f eet  i nt o 
t he st r eambed.   The pol es shoul d be har vest ed f r om 
l ocal  veget at i on and shoul d be a mi ni mum of  38 mm 
1. 5 i nches i n di amet er .   The bot t oms of  t he pol es 
shoul d be f or med t o shar p poi nt s t o ai d i n t he 
dr i v i ng of  t he pol es i nt o t he st r eambed.

The st r engt h of  t he pal i sade may be i ncr ease by 
at t achi ng a cr oss beam t o t he st r uct ur e.   A cr oss 
beam i s r ecommended f or  pal i sades wi t h wi del y spaced 
or  t hi n pol es and t hat  have a hei ght  gr eat er  t han 
one- f oot  above t he st r eambed.   The cr oss beams 
shoul d be at  t he same hei ght  and i ncl i nat i on on bot h 
s i des of  t he pal i sade.   The beams ar e at t ached t o 
t he pal i sade wi t h bi nder s composed of  unt r eat ed coi r  
or  hemp r ope t hat  i s  capabl e of  wi t hst andi ng sever al  
year s of  exposur e.   The bi nder  must  be l ooped and 
t i ed ar ound t he cr oss beams and t he adj acent  pol es 
i n a manner  t hat  t i ght l y secur es t he member s 
t oget her .   The bi nder s shoul d not  unr avel  i f  a 
por t i on of  t he bi nder  or  st r uct ur e i s l ost  or  
damaged.   Cr oss beams may be composed of  unt r eat ed 
di mensi onal  l umber  or  st r ai ght  pol es of  s i mi l ar  
di amet er  as t he pal i sade pol es.

**************************************************************************
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a.   Li ve pol es shal l  be 1 m 3 f eet  l ong,  38 t o 100 mm 1. 5 t o 4 i nches i n 
di amet er ,  and t he bot t om ends of  t he pol es shal l  be cut  t o f or m shar p 
dr i ve poi nt s.   The pol es shal l  be dr i ven ver t i cal l y  i nt o t he st r eambed 
t o a mi ni mum dept h of  600 mm 2 f eet  and shal l  be pl aced acr oss t he 
channel  i n a [ st r ai ght  r ow]  [ r ow t hat  i s  def l ect ed down st r eam by 15 
degr ees]  [ ' V' - shaped r ow poi nt i ng down st r eam wi t h t he apex at  t he 
cent er  of  t he channel ] .   Pol es shal l  have a spaci ng of  no l ess t han 50 
mm 2 i nches but  not  gr eat er  t han 150 mm 6 i nches.   [ The cent er  pol es of  
t he st r uct ur e shal l  ext end a maxi mum of  [ 300]  [ 600]  mm [ 1]  [ 2] - f oot  
above t he exi st i ng gr ade of  t he st r eambed. ]   [ The cent er  pol es shal l  be 
dead pol es pl aced f or  a di st ance of  1 m 3 f eet  about  t he cent er l i ne of  
t he st r uct ur e. ]   [ The cent r al  span of  t he st r uct ur e shal l  be composed 
of  l ar ge nat ur al  st one keyed 600 mm 2 f eet  i nt o t he st r eambed wi t h a 
t op el evat i on 300 mm 1 f oot  above t he exi st i ng st r eambed.   The st one 
shal l  ext end 600 mm 2 f eet  on each si de of  t he cent er l i ne of  t he 
st r uct ur e and shal l  be t i ght l y but t ed wi t h [ l i ve]  [ dead]  pol es of  t he 
pal i sade st r uct ur e. ]   [ The t ops of  t he pol es shal l  i ncr ease i n hei ght  
out war d f r om t he cent er  of  t he st r uct ur e by no mor e t han 15 mm 0. 05- f oot
 f or  each adj acent  pol e t o f or m a not ch at  t he cent er  of  t he 
st r uct ur e. ]   [ The t ops of  t he pol es shal l  be at  t he same el evat i on. ]   
The ends of  t he st r uct ur e shal l  be pl aced i n key t r enches t hat  ext end 1 
m 3 f eet  i nt o t he st r eam bank.

b.   Cr oss beam member s of  unt r eat ed [ st r ai ght  25 by 100 mm 1 by 4 i nch 
di mensi onal  l umber ]  [ l ong st r ai ght  pol es at  l east  50 mm 2 i nches i n 
di amet er ]  shal l  be at t ached t o t he pal i sade wi t h bi ndi ng pr oduct s,  
whi ch shal l  be wr apped at  l east  t wo t i mes ar ound t he cr oss beam and 
adj acent  pol e.   Bi ndi ng pr oduct s shal l  be i nst al l ed t o pr event  r avel i ng 
of  t he bi nder  i n t he event  of  t he l oss of  a por t i on of  t he bi nder  or  
st r uct ur e.   The cr oss beam member s shal l  be [ hor i zont al ]  [ i ncl i ned]  and 
at  t he same el evat i on on each si de of  t he pal i sade and shal l  ext end t he 
ent i r e wi dt h of  t he st r uct ur e.   The beams shal l  be 600 mm 2 f eet  
gr eat er  i n l engt h t han t he st r uct ur e and t he ends of  t he beams shal l  be 
pl aced i n key t r enches i n t he bank.   Key t r enches shal l  be excavat ed t o 
t he dept h and wi dt h necessar y f or  t he pl acement  of  t he ends of  t he 
cr oss beams and shal l  be backf i l l ed wi t h soi l  r emoved by excavat i on.

c.   The sedi ment  i n t he st r eambed shal l  be compact ed ar ound each pol e usi ng 
a t ampi ng bar .   [ The sedi ment  r emoved f r om t he st r eambed f or  t he 
i nst al l at i on of  t he pol es shal l  be pl aced as compact ed backf i l l  ar ound 
t he pol es. ]   Dead cut t i ngs and excess l i ve cut t i ngs shal l  be pl aced i n 
a cr i ss- cr oss pat t er n on t he up st r eam and down st r eam si des of  t he 
st r uct ur e f or  a di st ance of  600 mm 2 f eet  and shal l  be t i ght l y packed 
agai nst  t he st r eam bank at  t he ends of  t he st r uct ur e t o a t hi ckness of  
150 mm 0. 5- f oot  f or  600 mm 2 f eet  beyond t he l i mi t s of  backf i l l  exposed 
at  t he key t r enches.

3. 12. 2. 2   Br ush [ and St one]  Si l l

**************************************************************************
NOTE:   Br ush s i l l s  ar e t r ansver se st r uct ur es s i mi l ar  
t o pal i sades,  but  composed of  l i ve or  dead 
cut t i ngs.   These st r uct ur es r educe st r eam channel  
degr adat i on,  ar e easy t o const r uct ,  and may be 
combi ned wi t h nat ur al  st one t o i mpr ove per f or mance.   
Sel ect ed veget at i on shoul d mat ur e t o l ow hei ght ,  
r emai n suppl e wi t h t i me,  and be capabl e of  good r oot  
mat  devel opment .   Li ve or  dead cut t i ngs may be used 
f or  t he st r uct ur e and t he cut t i ngs may r et ai n smal l  
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br anches and do not  need t o be st r ai ght .   Si l l s  may 
al so be pl aced al ong t he t oes of  st r eam banks 
separ at el y or  adj acent  t o t he t r ansver se br ush 
s i l l s .   Si l l s  do not  t r ap l ar ge amount s of  sedi ment  
or  debr i s s i nce t he veget at i on used i n const r uct i on 
i s pushed agai nst  t he st r eam channel  dur i ng hi gh 
f l ow event s and does not  f or m an obst r uct i on t o 
f l ow.   Ther ef or e,  t hese st r uct ur es ar e sui t abl e f or  
channel s wher e mi ni mal  changes t o t he st r eam pr of i l e 
ar e desi r ed.   Si l l s  may be const r uct ed i n most  t ypes 
of  al l uvi al  mat er i al  and wi l l  f unct i on i n coar se 
al l uvi al  st r eams.   Backf i l l  and t he bur i ed por t i ons 
of  cut t i ngs shoul d be wr apped i n sever al  l ayer s of  
coi r  mat  i f  t he s i l l  i s  const r uct ed i n a st r eam 
channel  subj ect  t o i nf r equent  t or r ent i al  f l ows.   The 
wi dt h of  t he const r uct i on t r ench may be i ncr eased up 
st r eam of  t he veget at i on and f i l l ed wi t h l ar ge 
nat ur al  st one t o r educe damage t o t he st r uct ur e by 
bed l oad i n hi gh f l ow channel s.   Li ve st akes may be 
pl ant ed bet ween t he j oi nt s of  t he st one.

**************************************************************************

A 600 mm 2 f eet  deep t r ench shal l  be excavat ed nor mal  t o and acr oss t he 
ent i r e wi dt h of  t he st r eam channel .   Li ve cut t i ngs shal l  be pl aced i n a 
cr i ss cr oss manner  wi t h 20 cut t i ngs per  1 met er  3 l i near  f eet  of  t r ench on 
t he down st r eam f ace of  t he t r ench.  [ Cut t i ngs shal l  be pl aced i n t he same 
pat t er n and concent r at i on as i n t he t r ench f or  t he s i l l  on t he st r eam si de 
f aces of  t r enches excavat ed at  t he t oes of  t he banks f or  a di st ance of  4. 5 
met er s 15 f eet  up st r eam and down st r eam of  t he ends of  t he s i l l  
s t r uct ur e] .   The cut  ends of  t he cut t i ngs shal l  be pushed i nt o t he bot t om 
of  t he t r ench t o [ r ef usal ]  [ 150 mm 6 i nches]  and t he gr owt h t i ps shal l  
ext end 600 mm 2 f eet  above t he t op of  t he exi st i ng st r eambed.   Lar ge 
nat ur al  st one shal l  be pl aced on t op of  t he cut  ends of  t he cut t i ngs [ t o 
t he t op of  t he exi st i ng st r eambed t o f i l l  t he ent i r e t r ench]  and shal l  be 
t amped i nt o t he st r eambed t o secur e t he st ones i n pl ace.   Removed sedi ment  
shal l  be pl aced i n t he voi ds bet ween t he nat ur al  s t one [ and shal l  be pl aced 
over  t he l ower  st one wor k t o f i l l  t he ent i r e t r ench] .   Excess sedi ment  
shal l  be t hi n spr ead up st r eam of  t he st r uct ur e.   Lar ge nat ur al  st one shal l  
be pl aced at  t he ends of  t he st r uct ur e agai nst  t he bank [ and at  t he 
upst r eam and down st r eam ends of  t he t r enches excavat ed par al l el  t o t he 
banks] .   [ Li ve st akes]  [ and]  [ dead cut t i ngs]  up t o 600 mm 2 f eet  i n l engt h 
shal l  be dr i ven i nt o t he [ sedi ment  backf i l l  on 150 mm 6 i nch cent er s]  
[ bet ween t he j oi nt s i n t he nat ur al  st one]  acr oss t he ent i r e wi dt h of  t he 
t r ench and 1 m 3 f eet  up each bank f r om t he t oe of  t he bank.   Si l l s  shal l  
be spaced [ 15 m 50 f eet  apar t ]  [ as shown on t he dr awi ngs] .

3. 12. 2. 3   Wat t l e f ence si l l

**************************************************************************
NOTE:   Wat t l e f ence si l l s  ar e r ecommended f or  nar r ow 
and sl ow f l owi ng st r eams,  smal l  gul l i es,  
agr i cul t ur al  dr ai nage di t ches,  or  open channel  
dr ai ns.   These s i l l s  ar e best  sui t ed f or  st r eams or  
dr ai nage syst ems wi t h coar se- gr ai ned bed l oad,  whi ch 
wi l l  be t r apped by t he weaves of  t he f ence.   The 
si l l s  may not  t r ap f i ne- gr ai ned sedi ment  or  r educe 
er osi on i n f i ne- gr ai ned al l uvi al  st r eams si nce t he 
f i ne sedi ment  may pass t hr ough t he st r uct ur e.   These 
f ence st r uct ur es may be const r uct ed of  l i ve or  dead 
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veget at i on.   The use of  l i ve pol es and cut t i ngs 
shoul d r esul t  i n t he est abl i shment  of  a r ow of  
veget at i on acr oss t he st r eam channel  wi t h t i me.   
Cr oss beams ar e r ecommended f or  s t r uct ur es over  t wo 
f eet  i n hei ght .   These si l l s  may be combi ned wi t h 
br ush s i l l s  and br ush l ayer  st r uct ur es.

**************************************************************************

a.   A t r ench 600 mm 2 f eet  deep and 300 mm 1 f oot  wi de shal l  be excavat ed 
nor mal  t o and ext end acr oss t he ent i r e wi dt h of  t he st r eam channel .   
[ Li ve]  [ Dead]  pol es shal l  be 1 m 3 f eet  l ong wi t h a mi ni mum and maxi mum 
nomi nal  di amet er s of  38 and 100 mm 1. 5 and 4 i nches,  r espect i vel y.   The 
bot t om ends of  t he pol es shal l  be cut  t o f or m shar p dr i ve poi nt s.   The 
pol es shal l  be dr i ven ver t i cal l y  i nt o t he st r eambed t o a mi ni mum dept h 
of  600 mm 2 f eet  and shal l  be pl aced acr oss t he channel  i n a [ st r ai ght  
r ow]  [ ' V' - shaped r ow poi nt i ng down st r eam wi t h t he apex at  t he cent er  
of  t he channel  wi t h t he pol es]  at  a spaci ng of  600 mm 2 f eet .   The 
pol es shal l  ext end a maxi mum of  [ 300]  [ 600]  mm [ 1]  [ 2] - f oot  above t he 
exi st i ng gr ade of  t he st r eambed.   [ The cent er  pol es shal l  be dead pol es 
pl aced f or  a di st ance of  1 m 3 f eet  about  t he cent er l i ne of  t he 
structure.]

b.   The wat t l e f ence shal l  ext end f r om t he bot t om of  t he t r ench t o t he t ops 
of  t he pol es.   The t op of  t he f ence shal l  be [ at  t he same el evat i on]  
[ s l oped t o t he cent er  of  t he channel ] .   The f ence shal l  be const r uct ed 
of  f l exi bl e [ l i ve]  [ and]  [ dead]  cut t i ngs t hat  ar e 2 met er s 6 f eet  i n 
l engt h and f r om 19 t o 38 mm 3/ 4 t o 1. 5 i nches i n di amet er .   The 
cut t i ngs shal l  be [ l aced hor i zont al l y  bet ween t he pol es i n an 
al t er nat i ng woven pat t er n wi t h t he cut t i ngs bei ng pl aced on t he up 
st r eam and down st r eam si des of  adj acent  pol es acr oss t he st r uct ur e 
st ar t i ng f r om t he st eam bank]  [ pl aced on t he up st r eam si de of  t he 
pol es and shal l  be t i ght l y packed and i nt er woven t o f or m a  br ai ded 
ver t i cal  st r uct ur e] .   The ends of  t he cut t i ngs shal l  over l ap 300 mm 
1- f oot  wi t h adj acent  cut t i ngs.   The cut t i ngs of  t he f ence shal l  be 
secur ed t o t he pol es wi t h bi ndi ng pr oduct s.   The bi nder s shal l  be 
i nst al l ed t o pr event  r avel i ng of  t he bi nder s i n t he event  of  t he l oss 
of  a por t i on of  t he bi nder s or  st r uct ur e.

c.   [ Sedi ment  r emoved f r om t he t r ench shal l  be pl aced i n t he excavat i on as 
compact ed backf i l l  ar ound t he pol es and l ower  f ence. ]   [ Li ve st akes 
shal l  be pl aced at  300 mm 1- f oot  spaci ngs i n t he backf i l l . ]   [ Lar ge 
nat ur al  st one shal l  be pl aced at  t he bot t om of  t he t r ench al ong t he up 
st r eam and down st r eam t oes of  t he f ence [ and shal l  ext end t o t he t op 
of  t he exi st i ng st r eambed] .   [ The st ones shal l  be t amped i nt o pl ace and 
sedi ment  shal l  be used t o f i l l  voi ds bet ween t he st ones. ]   [ Li ve st akes 
shal l  be pl aced i n t he j oi nt s bet ween t he st ones. ] ]   Excess sedi ment  
shal l  be t hi n spr ead up st r eam of  t he st r uct ur e.

d.   [ Cr oss beam member s of  unt r eat ed [ st r ai ght  25 by 100 mm 1 by 4 i nch 
di mensi onal  l umber ]  [ l ong st r ai ght  pol es at  l east  50 mm 2 i nches i n 
di amet er ]  shal l  be pl aced on t he down st r eam si de of  t he pol es and 
over l i e t he f ence on t he up st r eam si de of  t he st r uct ur e.   The beams 
shal l  be at t ached t o t he st r uct ur e wi t h bi ndi ng pr oduct s wr apped at  
l east  t wo t i mes ar ound t he cr oss beam and adj acent  pol e and l aced 
t hr ough t he wat t l e f ence cut t i ngs. ]   [ The cr oss beams shal l  be 
hor i zont al  and at  t he same el evat i on on each si de of  t he st r uct ur e and 
shal l  ext end t he ent i r e wi dt h of  t he st r uct ur e. ]   Bot h ends of  t he 
st r uct ur e [ shal l  ext end i nt o a key t r ench t hat  i s  excavat ed 600 mm 2 
f eet  i n t he banks]  [ ext end t o t he exi st i ng st r eam banks and be cover ed 
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on bot h s i des wi t h l ar ge nat ur al  st one pl aced f r om t he channel  bot t om 
t o t he t op of  t he st r uct ur e.   The st one shal l  r est  on t he st r eam bank,  
be at  l east  600 mm 2 f eet  t hi ck,  and ext end 1. 5 m 5 f eet  away f r om t he 
st r uct ur e i n t he up st r eam and down st r eam di r ect i ons. ]

3. 12. 2. 4   Veget at ed Cr i b Wal l  or  Wood si l l  

**************************************************************************
NOTE:   A veget at ed cr i b wal l  consi st s of  a hol l ow 
box- l i ke st r uct ur e of  t i mber  or  l ogs f i l l ed wi t h 
ear t h and l i ve cut t i ngs.   A wood si l l  i s  a ver t i cal  
open wal l  composed of  t i mber  or  l ogs t hat  f or ms t he 
f r ont  header ,  whi ch i s not  t i ed t o a s i mi l ar  
st r uct ur e,  or  r ear  header ,  up st r eam by st r et cher s 
as i s t he case wi t h t he cr i b wal l .   The cr i b wal l  i s  
mor e st abl e t han t he wood si l l .   These st r uct ur es 
may l ast  20 t o 30 year s dependi ng on t he t ype of  
t i mber  used,  ar e qui ck t o const r uct ,  and may use 
l ocal l y avai l abl e mat er i al s.   The l i ve cut t i ngs t ake 
over  t he f unct i on of  t he cr i b wal l  as t he cut t i ngs 
gr ow and mat ur e and t he t i mber  decays.   These 
st r uct ur es shoul d not  exceed 1. 5 m 5 f eet  i n hei ght  
and ar e wel l  sui t ed f or  gul l i es wi t h f i ne- gr ai ned 
sedi ment  bed l oad and nar r ow st r eams l ess t han 4. 5 m 
15 f eet  wi de wi t h st eep gr adi ent s.

Cr i b wal l s or  wood si l l s  may be combi ned wi t h br ush 
s i l l s ,  br ush mat s,  or  l ar ge nat ur al  st one on t he up 
st r eam or  down st r eam si des of  t he st r uct ur e t o 
r educe er osi on.   St abi l i t y  of  t he st r uct ur e may be 
i mpr oved usi ng a doubl e cr i b desi gn composed of  
f r ont  and back r ai l s .   Backf i l l  shoul d be f r ee 
dr ai ni ng mat er i al  wi t h l ess t han 10 per cent  f i nes.   
However ,  i f  such backf i l l  mat er i al  i s  not  r eadi l y 
avai l abl e,  r emoved sedi ment  may be pl aced as 
compact ed backf i l l .   Ti mber  used f or  t he cr i b wal l  
may be unt r eat ed manuf act ur ed 100 mm 4- i nch squar e 
post s,  l ocal l y har vest ed veget at i on wi t h t r unk 
di amet er s gr eat er  t han 100 mm 4- i nch,  or  a 
combi nat i on of  t hese mat er i al s.   Tr eat ed l umber  wi l l  
not  be used.

**************************************************************************

a.   A t r ench shal l  be excavat ed t hat  i s  1. 5 m 5 f eet  wi de and 600 mm 2 f eet  
deep and ext ends nor mal  t o and acr oss t he ent i r e wi dt h of  t he st r eam 
channel .   The f l oor  of  t he t r ench shal l  be s l oped at  15 degr ees up 
st r eam and shal l  be [ manual l y compact ed usi ng a t ampi ng bar  wei ghi ng at  
l east  18 kg 40 pounds]  [ compact ed usi ng a smal l  mot or i zed t ampi ng 
machi ne]  unt i l  t he bot t om of  t he t r ench i s dense and pr ovi des a sol i d 
base f or  t he cr i b wal l  [ wood si l l ] .   The f l oor  of  t he t r ench shal l  be 
[ as shown i n t he dr awi ngs]  [ of  uni f or m gr ade acr oss t he t r ench wi dt h] .   
Depr essi ons i n t he t r ench f l oor  shal l  be f i l l ed wi t h compact ed mat er i al  
t o r ai se t hese ar eas t o gr ade and posi t i ve ar eas above t he f l oor  desi gn 
el evat i on shal l  be r educed t o gr ade.   The t r ench shal l  be keyed i nt o 
t he st r eam banks f or  a di st ance of  1 m 3 f eet .   Mat er i al  r emoved f r om 
t he key t r enches shal l  be used as compact ed backf i l l  i n t he key 
t r enches.   Sedi ment  r emoved f r om t he t r ench i n t he st r eam channel  shal l  
be [ r emoved f r om si t e and r epl aced wi t h sel ect  f i l l ]  [ used as compact ed 
backfill].
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b.   The [ cr i b wal l ]  [ wood si l l ]  shal l  be f r amed wi t h [ unt r eat ed,  st r ai ght  
100 mm 4- i nch squar e by 2. 5 m 8 f eet  l ong post s]  [ 100 t o 150 mm 4 t o 6 
i nch di amet er  by 2. 5 m 8 f eet  l ong st r ai ght  l ogs har vest ed f r om l ocal  
sour ces.   The l ogs shal l  be cut  nor mal  t o t he t r unks wi t h al l  br anches 
st r i pped f r om t he t r ucks] .   The down st r eam header  shal l  be pl aced 
[ par al l el  t o t he bot t om of  t he t r ench and ext end t he f ul l  wi dt h of  t he 
t r ench]  [ al ong t he al i gnment  shown i n t he dr awi ngs] .   [ The up st r eam 
header  shal l  be pl aced par al l el  and 1. 5 m 5 f eet  up st r eam of  t he down 
st r eam header . ]   Spl i ces bet ween member s shal l  be pl aced end- t o- end and 
i n l i ne.   Wood post s t hat  ar e at  l east  100 mm 4 i nches i n di amet er  
shal l  be dr i ven ver t i cal l y  150 mm 6 i nches f r om t he spl i ces on t he up 
st r eam and down st r eam si des of  t he header s.   Wood post  shal l  be dr i ven 
on bot h s i des of  t he header s at  t he mi dpoi nt s bet ween t he spl i ces.   The 
member s at  t he ends of  t he st r uct ur e shal l  be f i r ml y pl aced agai nst  t he 
f aces of  t he key t r enches.   Wood post s shal l  be dr i ven on bot h s i des of  
t he header s at  t he t oes of  t he banks and t he t oes of  t he key t r enches.

c.   St r et cher s [ f or  wood si l l s  shal l  be 1. 2 m 4 f eet ]  [ f or  l i ve cr i b wal l s 
shal l  be 2 m 6 f eet ]  i n l engt h.   St r et cher  shal l  be pl aced bet ween t he 
ver t i cal  spl i ce pol es and nor mal  t o t he down st r eam header .   The 
st r et cher s shal l  be spaced ever y 1. 2 m 4 f eet  bet ween t he pol es and 
have a mi ni mum of  100 mm 4 i nches ext endi ng down st r eam of  t he header  
f ace.   The r ear  but t  of  t he st r et cher  shal l  be pl aced [ f i r ml y agai nst  
t he upst r eam f ace of  t he t r ench]  [ on t op of  t he up st r eam header ] .   The 
st r et cher  shal l  be at t ached t o t he header ( s)  wi t h bi ndi ng pr oduct s 
wr apped t hr ee t i mes ar ound t he st r et cher  and header  i n a cr i ss cr oss 
pat t er n and secur ed wi t h a non- r avel i ng knot .   A 13 mm 1/ 2- i nch 
di amet er  hol e shal l  be dr i l l ed ver t i cal l y  t hr ough t he st r et cher  and 
header .   A 16 mm di amet er  by 300 mm 5/ 8 i nch di amet er  by 12 i nch  l ong 
[ non- gal vani zed st eel  spi ke]  [ st eel  r ebar ]  [ har d wood dowel ]  shal l  be 
dr i ven i nt o t he hol e and set  f l ush t o t he t op of  t he st r et cher .

d.   The open ar ea bet ween t he down st r eam header  and t he upst r eam [ t r ench 
f ace]  [ header  and t he por t i on of  t he t r ench upst r eam of  t he upst r eam 
header ]  shal l  be backf i l l ed wi t h compact ed [ sedi ment  r emoved f r om t he 
t r ench excavat i on]  [ sel ect  f i l l ]  t o an el evat i on t hat  i s  at  t he mi ddl e 
of  t he st r et cher s.   Li ve cut t i ngs t hat  ar e 19 t o 38 mm 3/ 4 t o 1. 5 i nch 
i n di amet er  and 2. 4 m 8 f eet  l ong shal l  be pl aced i n a cr i ss cr oss 
manner  on t op of  t he compact ed backf i l l  wi t h t he cut  ends pushed i nt o 
t he up st r eam f ace of  t he t r ench.   At  l east  600 mm 2 f eet  of  gr owt h 
t i ps of  t he cut t i ngs shal l  ext end beyond t he f ace of  t he down st r eam 
header .   Backf i l l  shal l  be pl aced and l i ght l y compact ed on t op of  t he 
cut t i ngs t o t he t op of  t he st r et cher s.   Addi t i onal  l i f t s  of  header s,  
st r et cher s,  backf i l l ,  and cut t i ngs shal l  be pl aced unt i l  onl y t he f i nal  
l i f t  r emai ns.   The cent er l i nes of  t he down st r eam header s shal l  be 
of f set  50 mm 2 i nches upst r eam of  t he l ower  header s t o pr ovi de an 
i ncl i ne t o t he down st r eam f ace of  t he st r uct ur e.

e.   The t op down st r eam header  shal l  be 100 mm 4 i nches l ar ger  i n di amet er  
t han t he header s used f or  wal l  const r uct i on t o r educe sedi ment  l oss due 
t o scour .   The ver t i cal  pol es on bot h s i des of  t he header s shal l  be cut  
f l ush wi t h t he t op of  t he f i nal  down st r eam header  [ and t he t op r ear  
header ] .   A header  shal l  be pl aced at  t he mi dpoi nt  bet ween t he t op down 
st r eam and up st r eam header s and secur ed wi t h bi nder s and [ spi kes]  
[ r ebar ]  [ dowel s]  t o t he under l y i ng st r et cher s.   The l i f t  of  backf i l l  
i mmedi at el y bel ow t he compl et i on header s shal l  be f i l l ed wi t h a t i ght l y 
packed br ush mat  composed of  l i ve [ and dead]  cut t i ngs t hat  ar e pl aced 
i n an al t er nat i ng pat t er n per pendi cul ar  and par al l el  t o t he wal l .   Each 
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l ayer  of  cut t i ngs shal l  be 100 mm 4 i nches t hi ck and shal l  be cover ed 
wi t h a t hi n l ayer  of  l i ght l y compact ed backf i l l .   [ Rounded cl ean 
nat ur al  st one f r om 200 t o 300 mm 8 t o 12 i nches i n di amet er ]   
[ Excavat ed sedi ment ]  shal l  be pl aced f r om t he t op of  t he packed br ush 
t o t he t op of  t he down st r eam header  and shal l  be gr aded up st r eam t o 
mat ch t he exi st i ng s l ope of  t he st r eam channel  up gr adi ent  of  t he wor k 
s i t e.   [ Li ve st akes shal l  be dr i ven ver t i cal l y  on 600 mm 2 f eet  cent er s 
i nt o t he backf i l l  at  t he t op of  t he st r uct ur e. ]   [ Lar ge nat ur al  st one 
ar mor  600 mm 2 f eet  t hi ck shal l  be pl aced at  t he ends of  t he st r uct ur e 
and on t he s l opes of  t he banks f or  a di st ance of  2 m 6 f eet  upst r eam 
and down st r eam f r om t he st r uct ur e.   Li ve st akes shal l  be pl ant ed i n 
t he j oi nt s bet ween t he st ones. ]   The t r ench down st r eam of  t he 
st r uct ur e shal l  be f i l l ed wi t h [ l ar ge nat ur al  st one]  [ a br ush [ and 
st one]  s i l l ]  [ a br ush mat ] .

3. 12. 2. 5   Veget at ed Dr y St one Bar r i er s 

**************************************************************************
NOTE:   Veget at ed dr y st one bar r i er s ar e const r uct ed 
of  l ar ge nat ur al  st one wi t h i nt er l ayer ed l i ve 
cut t i ngs.   These st r uct ur es may be bui l t  t o hei ght s 
of  4. 5 m 15 f eet  and ser ve as wei r s or  dr op 
st r uct ur es i n hi gh gr adi ent  st r eams wi t h t or r ent i al  
f l ows and heavy coar se bed l oad.   St one bar r i er s may 
al so be const r uct ed t o s l i ght l y above t he exi st i ng 
el evat i on of  t he st r eam channel  t o pr event  bed 
degr adat i on.   The l ar gest  st ones t hat  may be moved 
by manual  ef f or t s shoul d be used.   Const r uct i on of  
bar r i er s adj acent  t o exi st i ng l ar ge boul der s may 
r educe t he amount  of  wor k r equi r ed.

**************************************************************************

A t r ench t hat  i s  1. 2 m 4 f eet  wi de and 1 m 3 f eet  deep shal l  be excavat ed 
nor mal  t o and acr oss t he ent i r e wi dt h of  t he st r eam channel  and shal l  be 
keyed 1 m 3 f eet  i nt o t he st r eam banks.   The bot t om of  t he t r ench shal l  be 
s l oped at  15 per cent  i n t he up st r eam di r ect i on and shal l  be compact ed 
usi ng a manual  t ampi ng bar  wei ghi ng at  l east  18 kg 40 pounds.    Lar ge st one 
of  s i mi l ar  s i ze shal l  be pl aced on t he ent i r e f l oor  of  t he t r ench wi t h a 
mi ni mum of  voi ds bet ween t he st ones.   The st ones shal l  be cover ed by [ f i ne 
sedi ment ]  [ sel ect  f i l l ]  t hat  shal l  be wor ked i nt o t he voi ds bet ween t he 
st ones unt i l  onl y t he t ops of  t he st ones ar e v i s i bl e.   Li ve cut t i ngs t hat  
ar e 2 m 6 f eet  l ong and up t o 38 mm 1. 5 i nches i n di amet er  shal l  be pl aced 
on t op of  t he st ones i n a cr i ss cr oss pat t er n wi t h t he but t s of  t he 
cut t i ngs i n cont act  wi t h t he up st r eam f ace of  t he t r ench.   The gr owt h t i ps 
of  t he cut t i ngs shal l  be or i ent ed down st r eam and shal l  ext end 0. 5 m 1. 5 
f eet  beyond t he f ar t hest  down st r eam pl aced st ones.   Addi t i on l i f t s  of  
st one,  f i l l ,  and cut t i ngs shal l  be pl aced on t he l ower  l i f t s  unt i l  t he 
desi gn hei ght  of  t he st r uct ur e i s  r eached.   The st ones of  each successi ve 
l i f t  shal l  be pl aced t o i nt er l ock wi t h t he t ops of  t he st ones of  t he l ower  
l i f t .   Li ve cut t i ngs at  t he t op of  t he st r uct ur e shal l  be pl aced i n bet ween 
t he st ones and i ncl i ned s l i ght l y down st r eam.   [ Li ve st akes t hat  ar e 600 mm 
2 f eet  l ong shal l  be dr i ven bet ween t he j oi nt s of  t he st ones at  t he t op of  
t he st r uct ur e on 600 mm 2 f eet  cent er s and f or  a di st ance of  1 m 3 f eet  up 
t he st r eam banks. ]   The t op st ones shal l  be cover ed wi t h a 100 mm 4 i nch 
t hi ck l ayer  of  [ f i ne sedi ment ]  [ sel ect  f i l l ] .

3. 12. 2. 6   Br ush Wor k or  Br ush Packi ng

**************************************************************************
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NOTE:   Br ush wor k or  br ush packi ng uses l i ve and 
dead cut t i ngs t o f i l l  a sect i on of  a gul l y or  st r eam 
channel  t o r educe er osi on of  st r eam banks.   These 
st r uct ur es pr ovi de er osi on pr ot ect i on t o t he channel  
by cover i ng t he channel  wi t h a mat  of  br ush and ar e 
r ecommended f or  i nt er mi t t ent  st r eams wi t h 
f i ne- gr ai ned sedi ment .   Br ush wor ks r ef er s t o br ush 
mat s pl aced acr oss t he st r eam channel  wi t h gr owt h 
t i ps poi nt i ng up st r eam and whi ch ext end up t he 
st r eam banks.   Const r uct i on of  br ush wor k st ar t s at  
t he upst r eam l i mi t  of  t he wor k s i t e and pr ogr esses 
down st r eam wi t h each new l ayer  of  cut t i ngs 
over l y i ng t he i mmedi at el y up st r eam l ayer  of  
cut t i ngs.   Br ush packi ng r ef er s t o t hi ckl y packed 
l ayer s of  br ush pl aced wi t h t he gr owt h t i ps i ncl i ned 
s l i ght l y down st r eam t hat  f i l l  a gul l y or  smal l  
st r eam channel .   Br ush packi ng st ar t s at  t he down 
st r eam l i mi t  of  t he wor k s i t e and pr ogr esses 
upst r eam wi t h each new l ayer  of  cut t i ngs over l y i ng 
t he i mmedi at el y down st r eam l ayer  of  cut t i ngs.   Bank 
st abi l i t y  i s  i mpr oved as t he veget at i on gr ows and 
devel ops r oot  syst ems i n t he l ower  bank.   The 
cut t i ngs may be anchor ed i n t he channel  by cr oss 
l ogs secur ed t o ver t i cal  pol es dr i ven i nt o t he 
streambed.

**************************************************************************

a.   [ Br ush wor k const r uct i on shal l  s t ar t  at  t he upst r eam end of  t he wor k 
s i t e and pr ogr ess down st r eam wi t h each down st r eam l ayer  of  cut t i ngs 
over l y i ng t he l ayer  of  cut t i ngs i mmedi at el y upst r eam. ]   [ Br ush packi ng 
const r uct i on shal l  s t ar t  at  t he down st r eam end of  t he wor k s i t e and 
pr ogr ess upst r eam wi t h each upst r eam l ayer  of  cut t i ngs over l y i ng t he 
l ayer  of  cut t i ngs i mmedi at el y down st r eam. ]

b.   Tr enches t hat  ar e 300 mm 1- f oot  deep shal l  be excavat ed nor mal  t o and 
acr oss t he ent i r e st r eam channel  [ and shal l  ext end 1. 5 m 5 f eet  up t he 
st r eam banks] .   Tr enches shal l  be spaced 1. 5 m 5 f eet  apar t .   Li ve 
cut t i ngs t hat  ar e 2 m 6 f eet  i n l engt h shal l  be pl aced i n t he t r ench i n 
a her r i ngbone pat t er n at  an angl e of  30 degr ees f r om t he cent er l i ne of  
t he channel  wi t h t he gr owt h t i ps poi nt i ng [ upst r eam]  [ i ncl i ned down 
st r eam at  an angl e of  45 degr ees f r om ver t i cal ] .   The cut t i ngs shal l  
[ not ]  ext end up t he st r eam banks.   The cut  ends of  t he cut t i ngs shal l  
be pushed f i r ml y i nt o t he st r eambed.   [ Removed sedi ment ]  [ Sel ect  f i l l ]  
shal l  be pl aced and compact ed over  t he cut  ends of  t he cut t i ngs t o t he 
el evat i on of  t he exi st i ng channel .   Thi s pr ocedur e shal l  be r epeat ed 
f or  t he speci f i ed l engt h of  channel  at  t he wor k s i t e.

c.   Cr oss l ogs shal l  be pl aced nor mal  t o t he channel  and on t op of  t he 
cut t i ngs ever y 1 met er  3 f eet .   The l ogs shal l  be 100 mm 4 i nches i n 
di amet er  and shal l  ext end t he f ul l  wi dt h of  t he channel .   [ Cr oss l ogs 
shal l  be pl aced par al l el  t o t he s l ope of  t he bank on t op of  t he br ush 
[ wor k]  [ pack]  l ayer s t hat  ext end up t he st r eam banks.   The ends of  t he 
cr oss l ogs at  t he t oes of  t he banks shal l  be shaped t o shar p t i ps and 
t he l ogs shal l  be dr i ven 500 mm 1. 5 f eet  i nt o t he st r eambed at  t he 
angl e of  t he s l ope of  t he st r eam bank. ]   [ Li ve]  [ Dead]  pol es shal l  be 
dr i ven ver t i cal l y  i nt o t he st r eambed on t he down st r eam si des of  t he 
cr oss l ogs.   The pol es shal l  be spaced at  600 mm 2 f eet  i nt er val s and 
t he t ops of  t he pol es shal l  not  be gr eat er  t han 150 mm 6 i nches above 
t he t ops t he cr oss l ogs.   Pol es shal l  be dr i ven at  t he t oes of  t he 
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st r eam banks r egar dl ess of  spaci ng i nt er val .   The pol es and cr oss l ogs 
shal l  be t i ed t oget her  usi ng bi nder s t hat  shal l  be wr apped ar ound t he 
l ogs and pol es i n a manner  t hat  shal l  pr event  r avel i ng.

3. 12. 2. 7   Li ve Fasci ne Si l l

**************************************************************************
NOTE:   Li ve f asci ne s i l l s  ar e mor e r esi l i ent  and 
l ess pr one t o damage by scour  t han br ush s i l l s .   
However ,  heavy coar se bed l oad and l ar ge woody 
debr i s t r anspor t ed dur i ng hi gh f l ow event s may 
damage t he f asci nes.   Fasci ne s i l l s  may be used t o 
f or m l ow dr op st r uct ur es t o pr event  st r eambed 
degr adat i on i n nar r ow st r eams wi t h l ow f l ow 
vel oci t i es and mi ni mal  coar se bed l oad.   Si l l s  may 
be combi ned wi t h ot her  bi oengi neer i ng met hods f or  
channel  st abi l i zat i on of  hi gh gr adi ent  or  t or r ent i al  
f l ow st r eams.   Fasci nes have t he advant age of  bei ng 
f l exi bl e and t her ef or e may be pl aced t o conf or m t o 
t he exi st i ng pr of i l es of  t he st r eam channel  and may 
be easi l y ext ended up t he banks of  t he channel .   The 
di amet er  and st r engt h of  t he f asci ne may be 
i ncr eased by addi ng dead br anches and gr avel  or  
cobbl es t o t he f asci ne.   Fasci nes shoul d be pl aced 
i n t r enches t hat  ar e nor mal  t o t he st r eam channel  
and t hat  ar e at  l east  50 t o 75 per cent  t he di amet er  
of  t he f asci ne i n dept h.   Li ve f asci nes may be 
pl aced on t op of  one anot her  t o f or m st ep s i l l s .   
St ep s i l l s  ar e const r uct ed by pl aci ng a down st r eam 
f asci ne i n a t r ench and posi t i oni ng a f asci ne 
di r ect l y up st r eam of  t he down st r eam f asci ne.   The 
up st r eam f asci ne shoul d r est  on t he upper  one 
quar t er  of  t he exposed down st r eam f asci ne.

**************************************************************************

Each Fasci ne shal l  be 300 mm 12 i nches i n di amet er  and 3 m 10 f eet  i n 
l engt h and shal l  be const r uct ed of  l i ve cut t i ngs t hat  ar e f r om 19 t o 38 mm 
3/ 4 t o 1. 5 i nches i n di amet er .   Up t o 35 per cent  dead br anches [ and 15 
per cent  r ounded gr avel  or  cobbl es]  shal l  be i nt er woven wi t h t he l i ve 
cut t i ngs.   A 200 mm 8- i nch deep by 0. 5 m 1. 5 f eet  wi de t r ench shal l  be 
excavat ed nor mal  t o and acr oss t he ent i r e wi dt h of  t he st r eam channel  [ and 
at  l east  1. 5 m 5 f eet  up t he f aces of  t he st r eam banks] .   The f asci ne shal l  
be pl aced i n t he t r ench.   The j unct i on bet ween f asci ne bundl es i n t he same 
t r ench shal l  be [ of f set  s i de- by- s i de]  [ i nt er woven]  f or  a di st ance of  300 mm 
1- f oot .   The f asci ne shal l  be anchor ed i n t he t r ench wi t h 700 mm 2. 5 f eet  
l ong [ l i ve]  [ dead]  st akes t hat  ar e at  l east  50 mm 2 i nches [ i n di amet er ]  
[ squar e]  at  t he t op and t aper ed f r om t he t op t o t he base.   The st akes shal l  
be dr i ven ver t i cal l y  t hr ough t he f asci ne unt i l  f l ush wi t h t he t op of  t he 
bundl e st ar t i ng 300 mm 1- f oot  f r om t he end of  t he f asci ne and spaced ever y 
1 met er  3 f eet  t her eaf t er .   A t er mi nal  st ake shal l  be dr i ven 300 mm one- f oot
 f r om t he end of  t he f asci ne r egar dl ess of  spaci ng i nt er val .   [ Li ve]  [ Dead]  
st akes shal l  be dr i ven at  a 45- degr ee angl e on t he down st r eam si de of  t he 
f asci ne but  shal l  not  penet r at e t he bundl e.   The f asci ne shal l  be secur ed 
t o t he st akes wi t h bi nder s t hat  shal l  be wr apped ar ound t he f asci ne and 
secur ed t o t he st akes.   The bi nder s shal l  be t i ed t o pr event  r avel  i n t he 
event  of  damage.   Removed sedi ment  shal l  be used as backf i l l  and pl aced and 
compact ed on t he up st r eam and down st r eam si des of  t he f asci ne and shal l  
be br ushed i nt o t he f asci ne st r uct ur e unt i l  onl y t he t op of  t he f asci ne i s 
v i s i bl e.   Fasci ne s i l l s  shal l  be [ spaced 8 m 25 f eet  apar t  st ar t i ng f r om 
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t he down st r eam end of  t he wor k s i t e]  [ pl aced at  t he l ocat i ons shown on t he 
drawings].

3. 12. 2. 8   Veget at ed Def l ect or

**************************************************************************
NOTE:   Veget at ed def l ect or s ar e t r adi t i onal  har d 
st r uct ur es composed of  r ock ( gr oi ns,  di kes,  spur s)  
or  t i mber  ( l og or  pi l e r evet ment s)  t hat  i ncor por at e 
l i ve veget at i on and whi ch pr ovi de excel l ent  
l ong- t er m bank pr ot ect i on wi t h t he added benef i t s of  
shade and habi t at  enhancement .   These st r uct ur es 
pr ot ect  t he banks of  l ar ge st r eams and r i ver s,  whi ch 
ar e subj ect ed t o hi gh vel oci t y f l ows,  by def l ect i ng 
t he ener gy of  t he cur r ent  away f r om t he banks.   The 
i ncor por at ed veget at i on i mpr oves t he st r engt h of  t he 
st r uct ur e and t he qual i t y  of  habi t at  over  t i me.   A 
key component  f or  t he est abl i shment  of  veget at i on on 
t hese st r uct ur es i s t he r et ent i on of  f i ne- gr ai ned 
mat er i al  and t he exposur e of  t he har dened st r uct ur e 
above t he mean wat er  l evel  of  t he st r eam or  r i ver .   
Onl y veget at i on t hat  mat ur es t o t r ees or  br ush of  
l ess t han 2 m 6 f eet  i n hei ght  and whi ch r emai ns 
f l exi bl e shoul d be used.   Speci es t hat  may mat ur e t o 
t al l  t r ess wi t h ext ensi ve r oot  syst ems may not  be 
used,  s i nce t hese t r ees may damage t he har d 
structures.

For  exi st i ng st r uct ur es,  f i ne- gr ai ned mat er i al  may 
be pl aced i n open voi ds and l i ve post s dr i ven i nt o 
t hese voi ds i n t he st r uct ur e.   For  new const r uct i on,  
t he i nt er i or  of  t he st r uct ur e may be composed of  
f i ne- gr ai ned mat er i al  capabl e of  suppor t i ng r oot  
gr owt h.   Thi s cor e shoul d be cover ed wi t h r ock of  
sui t abl e s i ze t o r esi st  t r anspor t  by t he st r eam or  
r i ver .   The cover  ar mor  must  be anchor ed al ong t he 
per i met er  of  t he st r uct ur e i n a key t r ench bel ow t he 
scour  dept h of  t he hi gh f l ow event s.   Addi t i onal  
st abi l i t y  of  t he ar mor  may be gai ned by i nser t i ng 
dead st akes bet ween st ones i n ar eas bel ow t he mean 
wat er  l evel .   Li ve pol es may be dr i ven i nt o t he 
j oi nt s of  t he ar mor  above t he mean wat er  l evel .

Ret ent i on of  f i ne- gr ai ned mat er i al  i n t he cor e of  
t he st r uct ur e may be i mpr oved by pl aci ng t hi s 
mat er i al  i n unt r eat ed sand bags composed of  nat ur al  
f i ber s.   The l i f et i me of  t he sand bags shoul d be 
suf f i c i ent  t o pr event  t he l oss of  f i nes unt i l  t he 
r oot s of  t he l i ve pol es l ock t hi s  mat er i al  i n 
pl ace.   The sur f ace of  t he sand bag cor e may be 
cover ed wi t h a coi r  er osi on mat  pr i or  t o t he 
pl acement  of  ar mor .   To r educe t he number  of  sand 
bags,  t he cor e may be const r uct ed of  compact ed 
mat er i al  over l ai n by a t hr ee- bag t hi ck l ayer  of  sand 
bags,  whi ch i s i n t ur n over l ai n by t he st one ar mor .   
A l ayer  of  wel l - gr aded f i ne gr avel  and coar se sand 
may be pl aced beneat h t he st one ar mor  t o f or m a 
f i l t er  l ayer  and t hus f ur t her  r educe t he l oss of  
f i nes f r om t he cor e.   Ot her  def l ect or  al t er nat i ves 
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i nc l ude t he use of  l ogs or  wood st r uct ur es as cor es 
sur r ounded by f i ne- gr ai ned mat er i al  wi t h ext er i or  
st one ar mor .   These st r uct ur es may be used t o assi st  
i n t r appi ng sedi ment  behi nd r ock gr oi ns or  di kes t o 
i n f i l l  l ar ge scour  ar eas i n a st r eam or  r i ver  banks.

**************************************************************************

a.   Excavat e a t r ench  [ 4. 5 m 15 f eet  wi de,  1 m 3 f eet  i n dept h bel ow t he 
l owest  el evat i on of  expect ed scour ,  t hat  ext ends f r om t he t oe of  t he 
hi gh bank t o 3 m 10 f eet  i nt o t he st r eam bel ow t he mean l ow wat er  
el evat i on.   The t r ench shal l  be [ keyed 1. 5 m 5 f eet  i nt o t he bank. ]  [ as 
shown on t he dr awi ngs] .   [ Li ve cut t i ngs shal l  be pl aced agai nst  t he 
f ace of  t he t r ench f r om t he mean wat er  l evel  t o t he hi gh bank.   These 
cut t i ngs shal l  ext end at  l east  450 mm 1. 5 f eet  above gr ade and t he cut  
ends of  t he cut t i ngs shal l  be f i r ml y pushed i nt o t he bot t om of  t he 
t r ench and cover ed wi t h a t hi n l ayer  of  [ sedi ment ]  [ sel ect  f i l l ] ] .   
[ Nat ur al  st one]   [ Quar r y r ock]  at  l east  1 m 3 f eet  i n t he mi ni mal  
di mensi on shal l  be pl aced agai nst  t he out er  per i met er  f ace of  t he 
t r ench and mai nt ai n as much cont act  wi t h adj acent  st ones as possi bl e.   
[ The [ st one]  [ r ock]  shal l  be pl aced t o a hei ght  of  600 mm 2 f eet  above 
t he hi gh mean wat er  l evel  of  t he st r eam] .   The out er  f ace of  t he 
[ st one]  [ r ock]  shal l  s l ope at  [ 2H: 1V]  whi l e t he f ace t owar ds t he cent er  
of  t he t r ench shal l  be at  t he angl e of  r epose.   [ Sedi ment  r emoved f r om 
t he t r ench]   [ Sel ect  f i l l ]  shal l  be br ushed i nt o t he voi ds bet ween t he 
[ st ones]  [ r ocks]  unt i l  t he soi l  i s  even wi t h t he t ops of  t he [ st ones]  
[ r ocks] .   Li ve cut t i ngs shal l  be pl aced on t op of  t he out er  [ st ones]  
[ r ocks]  wi t h t he cut  ends of  t he cut t i ngs f i r ml y pushed i nt o t he bot t om 
of  t he i nsi de t r ench.     The ends of  t he cut t i ngs shal l  be cover ed wi t h 
a t hi n l ayer  of  sedi ment  t hat  shal l  be over l ai n by [ backf i l l ]  
[ sandbags] .   [ Li ve pol es shal l  be dr i ven bet ween t he [ st ones]  [ r ocks]  
t o a dept h of  at  l east  1. 2 m 4 f eet . ]   The cor e of  t he st r uct ur e l y i ng 
i nsi de t he l ar ger  out er  [ st ones]  [ r ocks]  shal l  be f i l l ed wi t h [ r emoved 
sedi ment ]  [ sel ect  f i l l ]  [ i n unt r eat ed bi odegr adabl e sand bags t hat  ar e 
pl aced t i ght l y end t o end and i n ver t i cal  over l appi ng pat t er n]  
[ compact ed cohesi ve sedi ment  r emoved f r om t he t r ench separ at ed f r om t he 
out er  [ st ones]  [ r ocks]  by a 600 mm 2 f eet  t hi ck l ayer  of  sel ect  f i l l  
cont ai ned i n unt r eat ed bi odegr adabl e sand bags] .

b.   Successi ve l i f t s  of  ar mor  [ st one]  [ r ock]  shal l  be pl aced on t op of  t he 
compl et ed l i f t s  t o t he desi gn s l opes and gr ades of  t he st r uct ur e.   Li ve 
cut t i ngs shal l  be pl aced on t he t op of  each l i f t .   The cor e of  t he 
st r uct ur e shal l  be r ai sed concur r ent l y wi t h t he l i f t s  of  ar mor  
mat er i al .   The f i nal  l i f t  shal l  consi st  of  i nt er l ocked [ st one]  [ r ock]  
t hat  ext ends acr oss t he ent i r e t op of  t he st r uct ur e.   [ Removed 
sedi ment ] [ Sel ect  f i l l ]  shal l  be br ushed i nt o t he voi ds bet ween t he 
[ st ones]  r ocks] .   Li ve st akes shal l  be pl ant ed i n t he j oi nt s bet ween 
t he [ st ones]  [ r ocks]  wi t h a spaci ng of  1 m 3 f eet .   The t op of  t he r ock 
st r uct ur e shal l  be 300 mm 1 f oot  above t he t op of  t he or i gi nal  
el evat i on of  t he hi gh bank.

3. 12. 2. 9   Li ve Br ush Si l l

**************************************************************************
NOTE:   Li ve br ush s i l l s  ar e st r uct ur es composed of  
l i ve veget at i on t hat  ext end per pendi cul ar  f r om t he 
t oe of  t he bank i nt o t he st r eam channel .   These 
st r uct ur es may ext end l andwar d t o t he hi gh bank.   
The si l l s  t r ap sedi ment  and debr i s,  r educe scour ,  
and ar e usef ul  i n est abl i shi ng veget at i on on poi nt  
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bar s of  bar r en f l at  expanses of  l ow bank.   These 
st r uct ur es ar e i nexpensi ve,  easy t o const r uct ,  and 
may r educe t he amount  of  r ock or  st one ar mor  
r equi r ed f or  bank pr ot ect i on.   The devel opment  of  
r oot  syst ems and t he gr owt h of  veget at i on i mpr ove 
bank st abi l i t y  and devel op r i par i an habi t at .   Dead 
cut t i ngs may be used i n t hese st r uct ur es t o i mpr ove 
t hei r  r esi st ance t o er osi on and damage due t o 
cur r ent s or  debr i s.   Si l l s  composed ent i r el y of  dead 
cut t i ng may be pl aced bel ow t he mean hi gh wat er  
el evat i on separ at el y or  bet ween har den t r ansver se 
st r uct ur es.   These dead br ush s i l l s  t r ap debr i s,  
sedi ment ,  and r esul t  i n bank aggr adat i on.   Li ve 
s i l l s ,  or  ot her  l i ve bi oengi neer ed st r uct ur es,  may 
be pl aced on t he new bank cr eat ed by t he dead si l l s  
at  a f ut ur e dat e t o pr omot e i mpr oved st abi l i t y  and 
habi t at  devel opment .

**************************************************************************

A 600 mm 2 f eet  deep t r ench wi t h a ' V'  shaped cr oss sect i on shal l  be 
excavat ed nor mal  t o t he t oe of  t he st r eam bank f r om [ t he mean hi gh wat er  
l evel ]  f or  a di st ance of  [ 3 m 10 f eet  i nt o t he st r eam channel  [ f r om t he 
mean hi gh wat er  l evel ] ]  [ and]  [ 6 m 20 f eet  l andwar d of  t he t oe of  t he 
bank. ]  [ t o t he edge of  exi st i ng veget at i on]  [ as shown on t he dr awi ngs] .   
Li ve cut t i ngs shal l  be pl aced i n t he t r ench wi t h t he cut  ends pushed f i r ml y 
i nt o t he bot t om of  t he t r ench wi t h t he gr owt h t i ps ext endi ng at  l east  600 mm
 2 f eet  above t he t op of  t he exi st i ng gr ade.   At  l east  20 cut t i ngs shal l  be 
pl aced per  300 mm l i near  f oot  of  t r ench and al l  cut t i ngs shal l  r est  agai nst  
t he down st r eam si de of  t he t r ench.   Lar ge st one up t o 150 mm 6 i nches i n 
di amet er  shal l  be pl aced on t he bot t om of  t he t r ench agai nst  t he cut  ends 
of  t he cut t i ngs and shal l  be cover ed wi t h l oosel y compact ed [ sedi ment ]  
[ soi l ]  [ sel ect  f i l l ]  t o t he exi st i ng sur f ace.   [ Excess mat er i al  r emoved 
f r om t he t r ench t hat  i s  t o r emai n on s i t e shal l  be mounded ar ound t he base 
of  t he s i l l  at  t he sur f ace. ]   Si l l s  shal l  be spaced 1. 5 m 5 f eet  apar t .

3. 12. 2. 10   Br ush Tr ansver se

**************************************************************************
NOTE:   Br ush t r ansver ses ar e st one st r uct ur es 
augment ed wi t h l i ve or  dead br ush cut t i ngs t hat  ar e 
easy t o const r uct  and i nexpensi ve.   These st r uct ur es 
ar e usef ul  i n def l ect i ng hi gh vel oci t y f l ows away 
f r om st r eam banks t o pr event  scour  and er osi on and 
may be used t o ai d i n t he r epai r  of  scour ed or  
f ai l i ng ar eas of  st r eam banks.   The l i ve veget at i on 
wi l l  devel op r oot  syst ems t hat  shal l  s t r engt hen t he 
st r uct ur e and pr ovi de shade and habi t .   The st one 
st r uct ur e def l ect s and di ssi pat es t he st r eam 
vel oci t y away f or  t he bank t her eby cr eat i ng ar eas of  
st i l l  wat er  down st r eam of  t he st r uct ur es i n whi ch 
sedi ment  may be deposi t ed.   The br ush cut t i ngs 
assi st  i n sedi ment  t r appi ng dur i ng per i ods of  hi gh 
f l ow.   Thi s veget at i on mat ur es wi t h t i me and wi l l  
event ual l y compl et el y cover  t he scour  ar ea.   Br ush 
t r ansver ses may be combi ned wi t h br ush gr i ds t o 
r epai r  ar eas of  bank scour  i n hi gh f l owi ng r i ver s.

Br ush t r ansver se st r uct ur es ar e not  sui t abl e f or  use 
i n st r eams wi t h t or r ent i al  f l ows and heavy c l ast i c  
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bed l oad.   I nst al l at i on t r ench dept h and wi dt h must  
be based on hydr aul i c anal yses of  st r eam vel oci t i es 
and bed l oad t r anspor t .   The st r uct ur e may be nor mal  
t o t he st r eam bank or  i ncl i ned at  an acut e angl e t o 
t he st r eam bank i n t he down st r eam di r ect i on.   The 
use of  subr ounded l ar ge nat ur al  s t one f r om t he 
i mmedi at e ar ea of  wor k i s pr ef er r ed f or  
const r uct i on.   I f  such mat er i al  i s  i n l i mi t ed 
suppl y,  t hen t he avai l abl e nat ur al  st one may be used 
as cover  st one and t he cor e of  t he st r uct ur e may be 
const r uct ed of  angul ar  t o subangul ar  quar r y r ock.   
I n ar eas t hat  l ack nat ur al  st one,  l ocal  dur abl e 
quar r y r ock may be used f or  t he ent i r e st r uct ur e.

**************************************************************************

a.   A t r ench 600 mm 2 f eet  deep by 1. 5 m 5 f eet  wi de shal l  be excavat ed 
f r om [ t he f ace of  t he hi gh bank]  [ edge of  t he st r eam bank]  t o [ 3 m 10 
f eet  beyond t he l ow mean wat er  el evat i on of  t he st r eam]  [ t he new bank 
al i gnment  as shown on t he dr awi ngs] .   [ The t r ench shal l  be keyed i nt o 
t he st r eam bank f or  a di st ance of  1 m 3 f eet . ]   The base of  t he t r ench 
shal l  be f i r ml y compact ed.   Li ve [ and]  [ dead]  cut t i ngs t hat  ar e at  l east
 1. 5 m 5 f eet  i n l engt h and t hat  have si de br anches at t ached shal l  be 
pl aced on t he down st r eam si de of  t he t r ench.   The cut t i ngs shal l  be 
pl aced wi t h a concent r at i on of  at  l east  20 cut t i ngs per  300 mm l i near  
f oot  of  t r ench t o f or m a l ayer  wi t h a t hi ckness of  100 mm 4 i nches.   
The cut  ends of  t he cut t i ngs shal l  be pushed f i r ml y i nt o t he st r eambed 
wi t h a mi ni mum of  1 m 3 f eet  of  t he gr owt h t i ps ext endi ng above gr ade 
and i ncl i ned i n t he down st r eam di r ect i on.   The cut  ends of  t he 
cut t i ngs shal l  be cover ed wi t h a 75 mm 3 i nch l ayer  of  moder at el y 
compact ed [ f i ne- gr ai ned sedi ment ]  [ sel ect  f i l l ]  t hat  shal l  ext end f r om 
sur f ace gr ade t o t he base of  t he t r ench at  t he angl e of  r epose.

b.   Dur abl e [ l ar ge nat ur al  st one]  [ quar r y r ock]  t hat  i s  450 mm 1. 5 f eet  i n 
mi ni mal  di mensi on shal l  be pl aced al ong t he up st r eam si de of  t he 
t r ench,  agai nst  t he f i l l  cover i ng t he cut  ends of  t he cut t i ngs,  and 
compl et el y f i l l  t he key t r ench.   [ Nat ur al  st one]   [ Quar r y r ock]  r angi ng 
f r om 150 t o 450 mm 0. 5 t o 1. 5 f eet  i n mi ni mal  di amet er  shal l  be pl aced 
t o cover  t he f l oor  of  t he t r ench and f i r ml y t amped i nt o pl ace t o 
pr ovi de t he gr eat est  cont act  wi t h adj acent  [ st ones]  [ r ocks] .   [ Fi ne 
sedi ment ]  [ Sel ect  f i l l ]  shal l  be [ br ushed]  [ washed]  i nt o t he voi ds 
bet ween t he [ st ones]  [ r ocks]  unt i l  onl y t he t ops of  t he [ st ones]  
[ r ocks]  r emai n exposed.   Successi ve l ayer s of  [ st one]  [ r ock]  shal l  be 
pl aced on l ower  l i f t s  i n a pat t er n t hat  al l ows t he gr eat est  amount  of  
i nt er l ocki ng of  [ st ones]  [ r ocks]  and t he voi ds bet ween t he [ st ones]  
[ r ocks]  shal l  be f i l l ed wi t h [ f i ne sedi ment ]  [ sel ect  f i l l ]  t o t he t op 
of  t he st r uct ur e.   The end of  t he st r uct ur e t hat  pr oj ect s i nt o t he 
st r eam shal l  be const r uct ed of  [ l ar ge st one]  [ r ock]  t hat  i s  1 m 3 f eet  
i n mi ni mal  di mensi on f or  a di st ance of  2 m 6 f eet .   [ Excess sedi ment  
r emoved f r om t he t r ench shal l  be pl aced al ong t he up st r eam and down 
st r eam t oes of  t he st r uct ur e. ]   The f ar t hest  up st r eam st r uct ur e i n t he 
wor k ar ea shal l  be pl aced at  an angl e of  30 degr ees t o t he di r ect i on of  
st r eam f l ow t o def l ect  t he cur r ent  t owar ds t he cent er  of  t he channel .   
Subsequent  down st r eam st r uct ur es shal l  be const r uct ed at  r i ght  angl es 
t o t he st r eam bank wi t h a spaci ng of  t he aver age l engt h of  t he 
structure.

3. 12. 2. 11   Br ush Gr i d

**************************************************************************
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NOTE:   A br ush gr i d consi st s of  l ayer s of  br ush l ai d 
out  i n a r ect i l i near  pat t er n wi t h each successi ve 
l i f t  bei ng pl aced nor mal  t o t he l ower  l i f t .   The 
st r uct ur es ar e wel l  sui t ed f or  t he r epai r  of  
sever el y scour ed or  s l oughi ng ar eas on banks i n 
st r eams wi t h hi gh f l ow vel oci t i es and l ar ge r ange or  
f r equent  changes i n wat er  l evel .   These st r uct ur es 
may be used on por t i ons of  t he st r eambed f r om t he 
t oe of  t he hi gh bank t o t he edge of  t he mean l ow 
wat er  l evel  of  t he st r eam.   For  l ar ge scour  ar eas,  a 
br ush gr i d may be const r uct ed at  t he up st r eam end 
of  t he scour  hol e bet ween t he st r eam bank and a 
br ush t r aver se or  veget at ed gr oi n or  di ke.   The 
r emai ni ng por t i on of  t he scour  ar ea may be f i l l ed 
wi t h wi del y spaced br ush t r ansver se st r uct ur es.   The 
ar eas bet ween t he t r ansver ses may be f i l l ed wi t h 
br ush s i l l s .   A br ush gr i d r equi r es s i gni f i cant  
manual  l abor  and a l ar ge suppl y of  br ush.   The 
amount  of  l abor  and mat er i al s may be r educed by 
combi ni ng t he gr i d wi t h br ush s i l l s ,  veget at ed 
di kes,  gabi ons,  or  by const r uct i ng a wi del y spaced 
gr i d wor k of  br ush i nst ead of  a compl et e cover  of  
brush.

**************************************************************************

a.   [ An excavat i on t hat  i s  4. 5 m 15 f eet  wi de and 1 m 3 f eet  deep shal l  
ext end f r om t he edge of  t he hi gh bank 6 m 20 f eet  i nt o t he st r eam 
channel .   The f l oor  of  t he excavat i on shal l  be s l oped t owar ds t he bank 
at  2H: 1V and shal l  be smoot h and compact ed.   The s i de s l opes shal l  
ext end beyond t he above speci f i ed di mensi ons and shal l  be at  t he angl e 
of  r epose.   The t r ench shal l  be keyed 1. 5 m 5 f eet  i nt o t he st r eam 
bank. ]  [ Sedi ment  shal l  be excavat ed t o f or m a l evel  f l oor  at  t he 
i nst al l at i on ar ea t o t he gr ades and di mensi ons shown on t he dr awi ngs. ]   
[ Li ve]   [ Dead]  pol es composed of  [ unt r eat ed manuf act ur ed l umber ]  
[ st r ai ght  sect i ons cut  f r om l ocal  t r ees]  shal l  be dr i ven ver t i cal l y  1 m 
3 f eet  i nt o t he st r eambed [ al ong t he al i gnment  of  t he pr oposed bank]  
[ as shown on t he dr awi ngs]  [ i n a st r ai ght  r ow t hat  i s  4. 5 m 15 f eet  
f r om t he edge of  t he hi gh bank] .   Addi t i onal  pol es shal l  be pl aced 
bet ween t he new al i gnment  of  pol es and t he st r eam bank on 1. 5 m 5 f eet  
cent er s.   The pol es shal l  be 100 mm 4 i nches i n di amet er .   The l engt h 
of  t he pol es shal l  be such t o al l ow 600 mm 2 f eet  of  pol e t o ext end 
above t he mean wat er  l evel .   The bot t oms of  t he pol es shal l  be shaped 
t o shar p t i ps t o f aci l i t at e dr i v i ng t hem i nt o t he st r eambed.   The t ops 
of  t he pol es shal l  be cut  nor mal  t o t he l engt hs of  t he pol es.   The t op 
el evat i ons of  t he pol es shal l  be t he same f or  al l  pol es.   [ Pi l ot  hol es,  
s l i ght l y l ar ger  i n di amet er  t han t he pol es,  shal l  be dr i l l ed i nt o t he 
st r eambed usi ng a [ st eel  punch r od]  [ mechani cal  dr i l l ]  i n coar se 
al l uvi al  sedi ment ] .   The pol es shal l  s t and er ect  wi t hout  suppor t  af t er  
i nst al l at i on i n t he st r eambed.   Loose or  nonver t i cal  pol es shal l  be 
r ei nst al l ed.   Pol es damaged dur i ng i nst al l at i on shal l  be r epl aced at  no 
expense t o t he Gover nment .

b.   The base l ayer  of  t he st r uct ur e shal l  consi st  of  150 mm 6 i nch di amet er  
by 6 m 20 f eet  l ong t r unks of  t r ees wi t h t hei r  br anches st i l l  
at t ached.   The r oot  wads shal l  not  be at t ached t o t he t r unk.   These 
t r unks shal l  be t i ght l y packed bet ween t he pol es wi t h t he gr owt h t i ps 
ext endi ng 600 mm 2 f eet  i nt o t he st r eam beyond t he new bank al i gnment .   
The t r unks shal l  be pl aced hor i zont al l y  i n t he excavat i on wi t h t he cut  
ends pl aced [ i n t he key t r ench]  [ f i r ml y but t ed agai nst ]  t he st r eam bank.
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c.   [ Removed sedi ment ]   [ Sel ect  f i l l ]  shal l  be pl aced over  t he t r unks unt i l  
onl y t o t ops of  t he t r unks ar e exposed.   Li ve cut t i ngs up t o 50 mm 2 
i nches i n di amet er  shal l  be pl aced ver t i cal l y  i n r ows spaced 1 m 3 f eet  
apar t  par al l el  t o t he base l ayer  of  t r ees wi t h a mi ni mum of  5 cut t i ngs 
per  300 mm l i near  f oot  of  r ow.   The cut  ends of  t he cut t i ngs shal l  be 
pushed t hr ough gaps bet ween t he base l ogs and i nt o t he st r eambed.   The 
t op of  t he gr owt h t i ps of  t he cut t i ngs shal l  be at  t he same el evat i on 
as t he t op of  t he ver t i cal  pol es and i ncl i ned at  a s l i ght  angl e down 
st r eam.   A l ayer  of  l i ve cut t i ngs consi st i ng of  1 m 3 f eet  wi de r ows 
t hat  ar e up t o 300 mm 12 i nches t hi ck shal l  be pl aced hor i zont al  on t op 
of  t he f i r st  l i f t  of  t r unks and pul l ed ar ound t he upr i ght  l i ve cut t i ngs 
and pol es.   The gr owt h t i ps shal l  ext end 600 mm 2 f eet  beyond t he new 
al i gnment  i nt o t he st r eam.   The r ows shal l  be separ at ed f r om t he 
ver t i cal  post s by a di st ance of  300 mm one- f oot .   Sedi ment  shal l  be 
pl aced on t op of  t he cut t i ngs t o f i l l  al l  voi ds unt i l  onl y t he t op of  
t he r ows ar e exposed.   A l i f t  of  cut t i ngs shal l  be pl aced nor mal  t o t he 
f i r st  l i f t  of  cut t i ngs wi t h t he gr owt h t i ps ext endi ng 600 mm 2 f eet  
beyond t he down st r eam edge of  t he st r uct ur e.   Sedi ment  shal l  be pl aced 
on t op of  t hi s l i f t  of  cut t i ngs t he same as t he l ower  l i f t .   Li f t s  of  
r ows of  cut t i ngs shal l  be pl aced i n t hi s al t er nat i ng manner  unt i l  t he 
st r uct ur e r eaches a mi ni mal  hei ght  of  1 m 3 f eet  above t he mean l ow 
wat er  l evel .   Lar ge nat ur al  st one shal l  be pl aced al ong t he out er  
per i met er  of  t he st r uct ur e t o pr ot ect  i t  f r om scour .   The t op of  t he 
st r uct ur e shal l  be secur ed wi t h [ a l ayer  of  nat ur al  st one]  [ sand bags 
f i l l ed wi t h sel ect  f i l l ]  pl aced on t op of  t he hor i zont al  cut t i ngs and 
ar ound t he ver t i cal  l i ve cut t i ngs and pol es.

3. 12. 3   Longi t udi nal  st r uct ur es

**************************************************************************
NOTE:   Longi t udi nal  st r uct ur es or  pl ant i ngs ar e 
pl aced par al l el  t o st r eam banks or  l ake shor es and 
may be used i n conj unct i on wi t h har d engi neer ed 
st r uct ur es t o pr ovi de habi t at ,  shade,  and t o obscur e 
t he har d st r uct ur es f r om vi ew t hus al l owi ng a mor e 
nat ur al  appear ance t o t he pr ot ect ed bank.

**************************************************************************

3. 12. 3. 1   [ Si ngl e]  [ Cl ump]  Reed Pl ant i ng

**************************************************************************
NOTE:   Reed pl ant i ng i nvol ves t he pl ant i ng of  s i nge 
r eeds or  c l umps of  r eeds al ong a st r eam bank or  l ake 
shor e.   Thi s met hod i s wel l  sui t ed f or  l ow f l owi ng 
st r eams,  l akes,  canal s,  and st agnat e ar eas of  wat er  
t hat  ar e pr ot ect ed f r om wave act i on or  st r ong 
cur r ent s.   Such si t es may i ncl ude exposed banks at  
or  s l i ght l y bel ow t he mean l ow wat er  l evel ,  t i dal  
f l at s,  or  ar eas of  l ow r el i ef  shor el i ne t hat  ext ends 
some di st ance i nt o a wat er  body.   The r eeds 
di ssi pat e ener gy of  t he wat er  act i ng on t he shor e 
ar ea and r educe er osi on whi l e r oot  st r uct ur es 
i mpr ove t he st r engt h of  t he bank.   Pl ant i ng shoul d 
begi n at  t he wet  shor el i ne and pr ogr ess l andwar d.   
Thi s pl ant i ng met hod i s s i mpl e t o i mpl ement  and 
compl et e,  but  must  be accompl i shed dur i ng t he f i r s t  
mont hs of  summer  t o al l ow t he pl ant s t o become 
established.
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The met hod does not  pr ovi de i mmedi at e er osi on 
pr ot ect i on t o t he bank nor  wi l l  t he pl ant s t ol er at e 
shade.   The ef f ect  of  t he pl ant i ngs may not  be 
r eal i zed unt i l  t wo t o t hr ee year s af t er  pl ant i ng.   
Reed pl ant i ng wi l l  not  r educe f ai l ur e of  unst abl e 
banks or  shor el i nes.   Cl ump pl ant i ng r ef er s t o t he 
pl ant i ng of  a l ar ge gr oup of  r eeds cont ai ned i n a 
l ar ge soi l  and r oot  mat  i n a hol e excavat ed at  t he 
site.

**************************************************************************

Reeds shal l  be pl ant ed dur i ng t he act i ve gr owi ng per i od.   The r eeds shal l  
be del i ver ed t o t he s i t e i n bundl es i n sat ur at ed c l ot h.   [ Si ngl e r eeds]  
[ Reed cl umps]  shal l  be pl ant ed on a gr i d wi t h a spaci ng of  600 mm 2 f eet  
st ar t i ng at  t he shor el i ne and pr ogr essi ng l andwar d [ f or  a di st ance of  16 m 
50 f eet ]  [ t o t he exi st i ng r eed l i ne] .   The st ems of  t he r eeds shal l  be 
s l i ght l y above gr ade and ver t i cal .   The shor el i ne edge of  t he pl ant i ng ar ea 
shal l  be pr ot ect ed by [ a l i ne of  nat ur al  st one]  [ coi r  l og]  [ l og]  [ _____] .   
[ Reeds pl aced bet ween st one ar mor  at  t he wat er  l i ne shal l  be pl aced bet ween 
t he st ones i n nar r ow t r enches backf i l l ed wi t h f i ne- gr ai ned sedi ment . ]

3. 12. 3. 2   Li ve st one r evet ment

**************************************************************************
NOTE:   Li ve st one r evet ment s ar e t r adi t i onal  st one 
or  r ock ar mor  r evet ment s pl aced on banks f or  
st abi l i zat i on and er osi on pr ot ect i on wi t h t he 
addi t i on of  l i ve cut t i ngs pl aced i n t he j oi nt s 
bet ween t he ar mor  st ones.   These st r uct ur es ar e wel l  
sui t ed f or  s i t es wher e ext ensi ve ar eas of  bank must  
be pr ot ect ed al ong hi gh f l owi ng st r eams wi t h heavy 
bed l oad or  l ake shor e subj ect  t o wave act i on.   
Sapl i ngs may be pl aced bet ween t he r ock j oi nt s i f  
t opsoi l  i s  pl aced t o f i l l  t he i nt er st i t i al  voi ds 
bet ween t he ar mor  st ones.   Const r uct i on must  occur  
i n t he dor mant  season f or  l i ve cut t i ng r evet ment s 
and i n t he spr i ng or  aut umn f or  t r anspl ant ed 
sapl i ngs.   Expect  30 t o 50 per cent  mor t al i t y  r at e 
wi t h cut t i ngs,  par t i cul ar l y i n dr i er  c l i mat es.   
Dr i v i ng cut t i ngs or  l i ve pol es deeper  i nt o t he 
st r eam bank and i r r i gat i on of  t he s i t e may i mpr ove 
pl ant  sur vi vabi l i t y .

The desi gner  i s  encour aged t o r ev i ew exi st i ng 
r ef er ences on st one r evet ment  f unct i on,  per f or mance,  
and const r uct i on.   Al so,  t he desi gner  shoul d 
consi der  t he i mpact  t he const r uct i on of  a har d 
st r uct ur e may have t o t he sur r oundi ng banks and 
channel  such as t he shi f t i ng of  er osi on t o adj acent  
or  cr oss st r eam l ocat i ons t hat  ar e not  pr ot ect ed.

**************************************************************************

a.   The bank shal l  be pr epar ed by r educi ng t he s l ope t o [ 2H: 1V]  [ as shown 
i n t he dr awi ngs] .   The sur f ace of  t he bank shal l  be smoot hed and 
compact ed.   A key t r ench shal l  be excavat ed at  t he t oe of  t he st r eam 
bank and shal l  ext end [ 1 m 3 f eet  bel ow t he mean l ow wat er  l evel ]  [ 600 
mm 2 f eet  bel ow t he l owest  el evat i on of  est i mat ed scour ] .   The bank 
shal l  be over l ai n by a 100 mm 4 i nch t hi ck l ayer  of  75 mm 3- i nch mi nus 
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compact ed f i l l  t hat  cont ai ns l ess t han 5 per cent  f i nes t hat  shal l  ser ve 
as a f i l t er  bl anket  bet ween t he out er  ar mor  st one and t he bank soi l .

b.   Lar ge st one wi t h a nomi nal  di amet er  of  1 m 3 f eet  shal l  be pl aced i n 
t he key t r ench.   Ar mor  st one shal l  be pl aced up bank f r om t he key 
st ones t o t he bank cr est  [ and ext end 1. 5 m 5 f eet  l andwar d of  t he bank 
cr est ] .   Each st one shal l  be pl aced t o i nt er l ock wi t h down sl ope st ones 
t o f or m a r ock mass t hat  cover s 100 per cent  of  t he exposed bank.   The 
st ones shal l  be pl aced by [ hand]  [ heavy equi pment  wi t h pl aci ng 
bucket ] .   St ones shal l  not  be dumped i n mass f r om t he t op of  t he bank.   
The st ones shal l  be pushed i nt o t he bank once t he st one i s pl aced.   
[ Top soi l ]  [ Excavat ed bank mat er i al ]  shal l  be pl aced on t op of  t he 
st one and shal l  be br ushed over  t he sur f ace of  t he st one t o f i l l  t he 
voi ds bet ween t he st ones.   Li ve [ cut t i ngs]  [ st akes]  [ pol es]  shal l  be 
dr i ven bet ween t he j oi nt s of  t he r ock at  l east  600 mm 2 f eet  i nt o t he 
bank soi l  bel ow t he base of  t he ar mor  st one.   Up t o 10 l i ve pol es shal l  
be pl aced per  squar e yar d of  ar ea.   Cut t i ngs shal l  be pl aced on t he 
ent i r e st r uct ur e f r om t he mean l ow wat er  l evel  t o t he l andwar d end of  
t he r evet ment .

c.   The ends of  t he st r uct ur e shal l  be keyed i nt o t he st r eam bank.   Key 
t r enches shal l  be excavat ed 1. 5 m 5 f eet  i nt o t he st r eam bank at  t he up 
st r eam and down st r eam ends of  t he st r uct ur e.   These t r enches shal l  be 
1. 5 mm 5 f eet  deep and t he f aces of  t hese t r enches shal l  be t he same 
sl ope as t he f ace of  t he pr epar ed bank.   The t r enches shal l  be f i l l ed 
wi t h l ar ge [ st one]  [ r ock]  t hat  i s  pushed i nt o t he bot t om and si des of  
t he t r ench.   The voi ds bet ween t he [ st ones]  [ r ocks]  shal l  be f i l l ed 
wi t h soi l  r emoved f r om t he t r ench.   The [ st one]  [ r ock]  shal l  ext end t o 
t he sur f ace and wr ap i n a cont i nuous mass i nt o t he ar mor  [ st one]  [ r ock]  
on t he f ace of  t he bank.

3. 12. 3. 3   Br ush Layer ed Revet ment

**************************************************************************
NOTE:   Br ush l ayer  r evet ment s ar e const r uct ed of  
al t er nat i ng l ayer s of  l i ve br ush cut t i ngs and r ock.   
These st r uct ur es ar e easi er  t o const r uct  and of  
l ower  cost  t han l i ve r evet ment s and ar e sui t abl e f or  
pr ot ect i ng l ong st r et ches of  st r eam banks or  l ake 
shor es.   The l i ve br ush wi l l  cover  t he ar mor  r ock 
wi t h t i me and obscur e i t  f r om vi ew.   Angul ar  quar r y 
st one or  r i p r ap may be used wi t h t hi s met hod.

**************************************************************************

a.   The bank shal l  be pr epar ed by r educi ng t he s l ope t o [ 2H: 1V]  [ as shown 
i n t he dr awi ngs] .   The sur f ace of  t he bank shal l  be smoot hed and 
compact ed.   A key t r ench shal l  be excavat ed at  t he t oe of  t he st r eam 
bank and shal l  ext end [ 600 mm 2 f eet  bel ow t he mean l ow wat er  l evel ]  [
600 mm 2 f eet  bel ow t he l owest  el evat i on of  est i mat ed scour ] .   The bank 
shal l  be over l ai n by a 100 mm 4 i nch t hi ck l ayer  of  75 mm 3- i nch mi nus 
compact ed f i l l  t hat  cont ai ns l ess t han 5 per cent  f i nes t hat  shal l  ser ve 
as a f i l t er  bl anket  bet ween t he out er  ar mor  st one and t he bank soi l .

b.   Li ve cut t i ngs shal l  be pl aced i n t he t r ench agai nst  t he st r eam si de 
wal l  of  t he t r ench.   The cut t i ngs shal l  be pushed i nt o t he st r eambed 
and t he cut  ends shal l  be cover ed wi t h a t hi n l ayer  of  [ sedi ment ]  
[ sel ect  f i l l ] .   Lar ge st one wi t h a nomi nal  di amet er  of  1 m 3 f eet  shal l  
be pl aced i n t he key t r ench.   The l ar ge st one shal l  r est  on t he ends of  
t he cut t i ngs and anchor  t hem i n pl ace.   Ar mor  st one shal l  be pl aced up 
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t he bank f r om t he key st ones t o t he bank cr est  [ and ext end 1. 5 m 5 f eet  
l andwar d of  t he bank cr est ] .   Each st one shal l  be pl aced t o i nt er l ock 
wi t h down sl ope st ones t o f or m a r ock mass t he cover s 100 per cent  of  
t he exposed bank.   The st ones shal l  be pl aced by [ hand]  [ heavy 
equi pment  wi t h a pl aci ng bucket ] .   St ones shal l  not  be dumped i n mass 
f r om t he t op of  t he bank.   The st ones shal l  be pushed i nt o t he bank 
usi ng sui t abl e heavy equi pment  once t he st one i s pl aced.   [ Sedi ment ]   
[ Sel ect  f i l l ]  shal l  be [ br ushed]  [ washed]  i nt o t he voi ds bet ween t he 
r ocks as t he r ocks ar e pl aced.

c.   St one shal l  be pl aced i n l i f t s  not  t o exceed 1 m 3 f eet  i n hei ght .   The 
t op of  t he l i f t  shal l  be wi t hi n 150 mm 0. 5- f oot  of  t he same el evat i on 
acr oss t he sur f ace of  t he l i f t  [ and par al l el  t o t he wat er  sur f ace of  
t he st r eam] .   A l ayer  of  l oosel y compact ed t opsoi l  at  l east  150 mm 6 
i nches t hi ck shal l  be pl aced on t he t op of  t he r ock l i f t .   Li ve 
cut t i ngs shal l  be pl aced i n a cr i ss cr oss manner  wi t h 20 cut t i ngs per  1 
m 3 l i near  f eet  on t op of  t he t opsoi l  l ayer  wi t h t he cut  ends pushed at  
l east  300 mm 1- f oot  i nt o t he bank beneat h t he f i l t er  l ayer  and wi t h 
gr owt h t i ps ext endi ng 150 mm 1. 5 f eet  beyond t he f ace of  t he ar mor  
r ock.   The cut t i ngs shal l  be cover ed wi t h 100 mm 4 i nches of  moder at el y 
compact ed t opsoi l .   The next  l i f t  of  r ock shal l  be pl aced on t op of  t he 
compact ed t op soi l  and t hese r ocks shal l  be pushed i nt o t he t opsoi l  
unt i l  r ef usal  due t o cont act  wi t h t he r ocks of  t he under l y i ng l i f t .   
The pr ocess of  al t er nat i ng l ayer s of  r ocks,  cut t i ngs,  and t opsoi l  shal l  
cont i nue t o t he [ desi gn hei ght ]  [ t op of  bank] .

d.   The ends of  t he st r uct ur e shal l  be keyed i nt o t he st r eam bank.   Key 
t r enches shal l  be excavat ed 1. 5 m 5 f eet  i nt o t he st r eam bank at  t he up 
st r eam and down st r eam ends of  t he st r uct ur e.   These t r enches shal l  be 
1. 5 m 5 f eet  deep and t he f aces of  t hese t r enches shal l  be t he same 
sl ope as t he f ace of  t he pr epar ed bank.   The t r enches shal l  be f i l l ed 
wi t h l ar ge [ st one]  [ r ock]  t hat  i s  pushed i nt o t he bot t om and si des of  
t he t r ench.   The voi ds bet ween t he [ st ones]  [ r ocks]  shal l  be f i l l ed 
wi t h soi l  r emoved f r om t he t r ench.   The [ st one]  [ r ock]  shal l  ext end t o 
t he sur f ace and wr ap i n a cont i nuous mass i nt o t he ar mor  [ st one]  [ r ock]  
on t he f ace of  t he bank.

3. 12. 3. 4   Longi t udi nal  Li ve Fasci ne

**************************************************************************
NOTE:   Longi t udi nal  l i ve f asci nes consi st  of  l i ve 
f asci nes combi ned wi t h br ush l ayer s and possi bl e 
bank t oe ar mor  st one al ong t he l engt h of  a st r eam 
bank or  l ake shor e.   These st r uct ur es pr ovi de 
i mmedi at e pr ot ect i on of  t he t oe of  t he bank f r om 
cur r ent  or  wave er osi on.   These st r uct ur es ar e 
i nexpensi ve and easy t o const r uct  and sui t abl e f or  
l ow banks.   The met hod may be used as t oe pr ot ect i on 
f or  st abl e hi gh banks i f  t he upper  por t i ons of  t he 
banks ar e pr ot ect ed by ot her  bi oengi neer ed or  har d 
structures.

**************************************************************************

The f asci nes shal l  be composed of  l i ve cut t i ngs and const r uct ed i n 
accor dance wi t h par agr aph " Li ve Fasci nes"  i n PART 3.   [ A t r ench shal l  be 
excavat ed at  t he mean l ow wat er  l evel  of  t he st r eam wi t h a f l oor  t hat  
s l opes at  15 degr ees t owar ds t he bank. ]   [ A key t r ench shal l  be excavat ed 
bet ween t he f asci ne t r ench and t he mean l ow wat er  l i ne.   Thi s t r ench shal l  
be 600 mm 2 f eet  deep and 1 m 3 f eet  wi de.   The f ace of  t he key t r ench 
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shal l  t er mi nat e at  t he l i p of  t he t r ench f or  t he f asci ne.   The t r ench shal l  
be f i l l ed wi t h [ quar r y r ock]  [ l ar ge nat ur al  st one]  [ r ock and br ush f asci nes 
anchor ed wi t h dead st akes] . ]   A l ayer  of  l i ve cut t i ngs shal l  be pl aced i n 
t he bot t om of  t he f asci ne t r ench i n a cr i ss cr oss manner  wi t h t he cut  ends 
of  t he cut t i ngs i n cont act  wi t h t he f ace of  t he t r ench and t he gr owt h t i ps 
ext endi ng 150 mm 1. 5 f eet  beyond t he l i p of  t he t r ench.   A mi ni mum of  20 
cut t i ngs shal l  be pl aced per  l i near  f oot .   The cut t i ngs shal l  be cover ed 
wi t h a l ayer  of  compact ed soi l .   The f asci ne shal l  be pl aced i n t he t r ench 
and anchor ed i n pl ace by l i ve pol es.   The pol es shal l  be 1. 2 m 4 f eet  i n 
l engt h and dr i ven 10 mm 2. 5 f eet  i nt o t he bot t om of  t he t r ench t hr ough t he 
f asci ne.   The pol es shal l  be spaced ever y 1 m 3 f eet  al ong t he l engt h of  
t he f asci ne.   Backf i l l  shal l  be pl aced ar ound t he f asci ne t o t he [ gr ade of  
t he or i gi nal  bank]  [ desi gn gr ade] .

3. 12. 3. 5   Longi t udi nal  Br ush Packi ng

**************************************************************************
NOTE:   Longi t udi nal  br ush packi ng i s a met hod sui t ed 
f or  t he r epai r  or  pr ot ect i on of  near  ver t i cal  or  
under  cut  banks subj ect  t o er osi on.   These 
st r uct ur es pr ovi de i mmedi at e pr ot ect i on t o t he bank 
f r om er osi on or  wave act i on.   The st abi l i t y  of  t he 
bank shoul d i mpr ove over  t i me as veget at i on becomes 
est abl i shed dependent  on t he pr oper t i es of  t he soi l s 
t hat  compose t he bank.   The st r uct ur es ar e sui t ed 
f or  l ow t o f ast  f l owi ng st r eams or  act i ve l ake 
shor es.   They ar e s i mpl e and easy t o const r uct  but  
may r equi r e l ar ge amount s of  f i l l  and veget at i on.   
The st r uct ur e consi st s of  l i f t s  of  soi l  and br ush 
t hat  ar e wr apped by er osi on cont r ol  pr oduct s.   
Geosynt het i c or  pl ast i c net t i ng shal l  not  be used 
unl ess absol ut el y necessar y and i n t hi s case onl y 
f or  t he l ower  l i f t s  of  t he st r uct ur e.

**************************************************************************

a.   The sl ope of  t he bank shal l  be r educed t o [ 2H: 1V]  [ st eps t hat  ar e 300 mm
 12 i nches hi gh and 600 mm 24 i nches deep f r om t he t oe t o t he cr est  of  
t he bank]  [ as shown on t he dr awi ngs] .   A key t r ench shal l  be excavat ed 
at  t he t oe of  t he desi gn s l ope.   Thi s s l ope shal l  be of  t he same gr ade 
as t he adj acent  undamaged st r eam bank.   The key t r ench shal l  be 1. 2 m 4 
f eet  wi de and 600 mm 2 f eet  deep and ext end t he l engt h of  t he wor k 
s i t e.   The t r ench shal l  be f i l l ed wi t h [ l ar ge nat ur al  st one]  [ quar r y 
r ock]  t hat  has a nomi nal  di amet er  of  600 mm 2 f eet  and t hat  i s  wel l  
gr aded wi t h 100 per cent  gr eat er  t han 100 mm 4 i nches.   The [ st one]  
[ r ock]  shal l  be pl aced t o f or m a t r i angul ar  t opped di ke wi t h s i de 
s l opes of  2H: 1V.   The [ st one]  [ r ock]  shal l  be t amped i nt o pl ace.

b.   A 100 mm 4 i nch l ayer  of  [ sel ect  f i l l ]  [ r emoved sedi ment ]  shal l  be 
pl aced on t op of  t he l andwar d f ace of  t he r ock di ke and compact ed.   The 
[ f i l l ]  [ sedi ment ]  l ayer  shal l  be cover ed wi t h er osi on cont r ol  f abr i c 
composed of  [ coi r  net t i ng]  [ _____] .   The f abr i c shal l  ext end f r om t he 
f ace of  t he bank t o at  l east  1. 2 m 4 f eet  beyond t he t op of  t he r ock 
di ke.   The net t i ng shal l  be secur ed t o t he soi l  l ayer  wi t h [ st apl es]  
[ st ones]  [ st akes] .   The f abr i c shal l  be f r ee of  wr i nkl es and ext end t he 
f ul l  l engt h of  t he r ock di ke.

c.   Li ve cut t i ngs [ wi t h 25 per cent  dead br anches]  shal l  be pl aced on t op of  
t he f abr i c l ayer  i n a her r i ngbone pat t er n.   The cut  ends of  t he 
cut t i ngs shal l  be pushed i nt o t he st r eambed t o r ef usal .   The cut t i ngs 
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shal l  be pl aced at  a densi t y of  20 cut t i ngs per  300 mm l i near  f oot  t o a 
t hi ckness of  100 mm 4 i nches.   The gr owt h t i ps of  t he cut t i ngs shal l  
ext end 150 mm 1. 5 f eet  beyond t he t op of  t he cr est  of  t he r ock di ke 
i nt o t he st r eam channel .  [ Sel ect  f i l l ]  [ Removed sedi ment ]  shal l  be 
br ushed i nt o t he voi ds bet ween t he cut t i ngs.   A 100 mm 4 i nch l ayer  of  
[ sel ect  f i l l ]  [ r emoved sedi ment ]  shal l  be pl aced on t op of  t he cut t i ngs 
and compact ed.   The f abr i c t hat  ext ends over  t he r ock di ke [ shal l  be 
cut  and r emoved]  [ t i ght l y r ol l ed and anchor ed at  t he base of  t he 
cut t i ngs on t op of  t he r ock di ke] .

d.   The t op of  t he [ f i l l ]  [ sedi ment ]  l ayer  pl aced on t op of  t he f i r st  l ayer  
of  cut t i ngs shal l  be cover ed wi t h a l ayer  of  er osi on cont r ol  f abr i c  
composed of  [ coi r  net t i ng]  [ _____] .   The f abr i c shal l  cover  t he t op of  
t he l ower  l i f t .   At  l east  1. 5 m 5 f eet  of  f abr i c shal l  r emai n above t he 
cont act  of  t he l ower  l i f t  and t he s l ope of  t he bank.   Thi s por t i on of  
f abr i c shal l  be t empor ar i l y  st aked t o t he bank s l ope.   At  l east  2 m 6 
f eet  of  f abr i c shal l  ext end beyond t he t op of  t he desi gn s l ope.   A 300 
mm 12 i nch l ayer  of  [ sel ect  f i l l ]  [ r emoved sedi ment ]  shal l  be pl aced on 
t op of  t he f abr i c and compact ed t o 90 per cent  dr y densi t y.   The ends of  
t he f abr i c shal l  be pl aced on t op of  t he compact ed mat er i al .   The 
f abr i c near  t he f ace of  t he bank shal l  be pl aced on t op of  t he 
compact ed mat er i al  and pul l ed f r ee of  wr i nkl es.   The por t i on of  f abr i c 
t owar ds t he st r eam channel  shal l  be pl aced acr oss t he f ace of  t he 
compact ed mat er i al  and pul l ed t i ght  and secur ed t o t he t op of  compact ed 
mat er i al  wi t h st apl es.   The st apl es shal l  be i nst al l ed f l ush wi t h t he 
t op of  t he l i f t .

e.   Li ve cut t i ngs shal l  be pl aced on t op of  t he l i f t  of  compact ed mat er i al  
i n t he same manner  as t he cut t i ngs on t he f i r st  l i f t .   These cut t i ngs 
shal l  be cover ed by a 100 mm 4 i nch l ayer  of  compact ed [ sel ect  f i l l ]  
[ r emoved sedi ment ] .   The pr ocess of  wr appi ng l i f t s  of  compact ed soi l  
wi t h er osi on cont r ol  f abr i c and t he pl acement  of  l ayer s of  cut t i ngs 
shal l  cont i nue t o t he [ desi gn hei ght  of  t he st r uct ur e]  [ t op of  t he 
bank] .   The hei ght  of  t he soi l  l i f t  near est  t o t he t op of  t he st r uct ur e 
shal l  be adj ust ed i n t hi ckness t o meet  t he desi gn gr ade.   The t op of  
t he st r uct ur e shal l  not  be cover ed wi t h cut t i ngs.   [ Li ve st akes shal l  
be pl aced acr oss t he t op of  t he st r uct ur e on 600 mm 2 f eet  cent er s f or  
a di st ance of  2 m 6 f eet  l andwar d of  t he t op of  t he bank and f or  2 m 6 
f eet  upst r eam and down st r eam of  t he ends of  t he st r uct ur e on t he 
or i gi nal  st r eam bank. ]

f .   The st r uct ur e shal l  be keyed i nt o t he bank on t he up st r eam and down 
st r eam si des of  t he st r uct ur e.   The key t r enches shal l  be 1. 2 m 4 f eet  
deep.   The l i f t s  of  t he st r uct ur e shal l  be wr apped i nt o t he t r enches 
and t he ends of  t he l i f t s  shal l  but t  agai nst  t he f ace of  t he key t r ench.

3. 12. 3. 6   Li ve Cr i b Wal l

**************************************************************************
NOTE:   Li ve Cr i b wal l s ar e r obust  st r uct ur es sui t ed 
f or  st abi l i zat i on and pr ot ect i on of  banks or  shor es 
subj ect ed t o hi gh f l ow or  moder at e wave act i on.   
These st r uct ur es pr ovi de i mmedi at e er osi on 
pr ot ect i on and possi bl e habi t at  dur i ng hi gh f l ow 
event s dependent  upon desi gn.   The st r uct ur e 
pr ovi des a har d f r ame t hat  di ssi pat es cur r ent  or  
wave ener gy.   Bank st abi l i t y  and habi t at  i mpr ove as 
t he veget at i on mat ur es and devel ops ext ensi ve r oot  
syst ems and shade al ong t he bank.   These st r uct ur es 

SECTI ON 31 32 39  Page 70



t ypi cal l y  r equi r e ear t hwor ks and l ar ge equi pment  f or  
bank pr epar at i on and backf i l l i ng.   Lar ge amount s of  
veget at i on and l abor  ar e r equi r ed.   Cr i b wal l s may 
be used t o i ncr ease t he wi dt h of  a st r eam by 
r epl aci ng t he nat ur al  s l oped banks wi t h t he near  
ver t i cal  wal l s of  t he st r uct ur e.   Cr i b wal l s may be 
used t o r epai r  sever el y scour ed banks by pl aci ng t he 
st r uct ur e i n t he st r eam at  t he new bank al i gnment  
and backf i l l i ng t he voi d bet ween t he st r uct ur e and 
t he exi st i ng bank.

The st r uct ur e may be combi ned wi t h br ush s i l l s ,  
br ush mat s,  or  l ar ge nat ur al  st one on t he up st r eam 
or  down st r eam si des of  t he st r uct ur e t o r educe 
er osi on.   St abi l i t y  of  t he st r uct ur e may be i mpr oved 
usi ng a doubl e cr i b desi gn composed of  f r ont  and 
back header s.   Backf i l l  shoul d be f r ee dr ai ni ng 
mat er i al .   Ti mber  used f or  t he cr i b wal l  may be 
unt r eat ed manuf act ur ed 300 mm 12- i nch squar e post s,  
l ocal l y har vest ed veget at i on wi t h t r uck di amet er s 
gr eat er  t han 300 mm 12 i nches,  or  combi nat i on of  
t hese mat er i al s.

**************************************************************************

a.   The st r eam bank shal l  be r educed t o t he r equi r ed s l ope and desi gn 
gr ade.   A t r ench shal l  be excavat ed t hat  i s  600 mm 2 f eet  deep and 
ext ends par al l el  t o t he t oe of  t he s l ope.   Thi s t r ench shal l  ext end t he 
f ul l  l engt h of  t he wor k s i t e and shal l  ext end [ f or  a di st ance of  4. 5 m 
15 f eet  i nt o t he st r eam channel  f r om t he t oe of  t he s l ope]  [ i n t he 
st r eam channel  t o t he di st ance and di mensi ons shown on t he dr awi ngs] .   
The f l oor  of  t he t r ench shal l  s l ope at  15 degr ees t owar ds t he bank and 
shal l  be [ manual l y compact ed usi ng a t ampi ng bar  wei ghi ng at  l east  18 kg
 40 pounds]  [ compact ed usi ng a smal l  mot or i zed t ampi ng machi ne]  unt i l  
t he bot t om of  t he t r ench i s dense and pr ovi des a sol i d base f or  t he 
cr i b wal l .   The f l oor  of  t he t r ench shal l  be [ as shown i n t he dr awi ngs]  
[ of  uni f or m gr ade acr oss t he t r ench wi dt h] .   The t r ench shal l  be keyed 
i nt o t he st r eam bank f or  a di st ance of  2 m 6 f eet .   Mat er i al  r emoved 
f r om t he key t r enches shal l  be used as compact ed backf i l l  i n t he key 
t r enches.   Sedi ment  excavat ed f r om t he t r ench shal l  be [ r emoved f r om 
t he s i t e and r epl aced wi t h sel ect  f i l l ]  [ used as compact ed backf i l l ] .   
Depr essi ons i n t he t r ench f l oor  shal l  be f i l l ed wi t h compact ed mat er i al  
t o r ai se t hese ar eas t o desi gn gr ade and ar eas above gr ade shal l  be 
r educed t o t he desi gn gr ade.

b.   The cr i b wal l  shal l  be f r amed wi t h [ unt r eat ed st r ai ght  300 mm 12- i nch 
squar e by 2. 5 m 8 f eet  l ong beams]  [ 200 t o 300 mm 8 t o 12 i nch di amet er  
by 2. 5 m 8 f eet  l ong st r ai ght  l ogs har vest ed f r om l ocal  sour ces.   These 
l ogs shal l  be cut  nor mal  t o t he t r unk and t he l ogs shal l  have al l  
br anches st r i pped f r om t he t r ucks] .   The header  adj acent  t o t he st r eam 
shal l  be pl aced par al l el  t o t he t oe of  t he s l ope at  t he desi gn 
al i gnment  of  t he wal l  and shal l  ext end t he f ul l  wi dt h of  t he t r ench.   
The header  adj acent  t o t he bank shal l  be pl aced par al l el  t o and 2 m 6 
f eet  f r om t he st r eam si de header  i n t he di r ect i on of  t he bank.   Header s 
shal l  be pl aced end- t o- end and i n l i ne at  spl i ces bet ween t he member s.   
Wood post s shal l  be dr i ven ver t i cal l y  i nt o t he st r eambed 150 mm 6 i nches
 f r om t he spl i ces on bot h s i des of  t he header .

c.   St r et cher s shal l  be 2 m 6 f eet  i n l engt h.   Each st r et cher  shal l  be 
pl aced nor mal  t o t he header s and bet ween t he ver t i cal  pol es at  t he 
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spl i ces bet ween t he header s.   The st r et cher s shal l  be spaced [ ever y 1. 2 
m 4 f eet ]  [ mi d di st ance]  bet ween t he ver t i cal  pol es and shal l  ext end a 
mi ni mum of  100 mm 4 i nches beyond t he out er  edge of  t he st r eam si de 
header  f ace.   The r ear  but t  of  t he st r et cher  shal l  be pl aced on t op of  
t he header  near  t he bank and shal l  [ ext end 100 mm 4 i nches beyond t he 
out er  f ace of  t he header ]  [ be f i r ml y pl aced agai nst  t he exposed bank] .   
The st r et cher  shal l  be at t ached t o t he header  wi t h bi ndi ng pr oduct s 
wr apped t hr ee t i mes i n a cr i ss cr oss pat t er n and secur ed wi t h a 
non- r avel i ng knot .   A 13 mm 1/ 2- i nch di amet er  hol e shal l  be dr i l l ed 
ver t i cal l y  t hr ough t he st r et cher  and header .   A 600 mm 24 i nch l ong,  16 
mm 5/ 8- i nch di amet er  [ non- gal vani zed st eel  spi ke]  [ st eel  r ebar ]  [ har d 
wood dowel ]  shal l  be dr i ven i nt o t he hol e and set  f l ush t o t he t op of  
t he st r et cher .   The open ar ea bet ween t he i nner  f ace of  t he st r eam si de 
header  and t he i nner  f ace of  t he l andwar d header  shal l  be backf i l l ed 
wi t h compact ed [ sedi ment  r emoved f r om t he t r ench excavat i on]  [ sel ect  
f i l l ]  t o t he mi ddl e of  t he st r et cher s.   Li ve cut t i ngs 19 t o 38 mm 3/ 4 
t o 1. 5 i nches i n di amet er  shal l  be pl aced i n a cr i ss cr oss manner  on 
t he t op of  t he compact ed backf i l l  wi t h t he cut  ends pushed i nt o t he 
backf i l l  near  t he l andwar d header .   The gr owt h t i ps of  t he cut t i ngs 
shal l  ext end 600 mm 2 f eet  beyond t he f ace of  t he st r eam si de header .   
Backf i l l  shal l  be pl aced and l i ght l y compact ed on t op of  t he cut t i ngs 
t o t he t op of  t he st r et cher s.   Addi t i onal  header s,  st r et cher s,  
backf i l l ,  and cut t i ngs shal l  be pl aced unt i l  onl y t he f i nal  l i f t  
r emai ns.   The cent er l i nes of  st r eam si de header s shal l  be of f  set  50 mm 
2 i nches t owar ds t he bank r el at i ve t o t he l ower  header s t o pr ovi de an 
i ncl i ne t o t he f ace of  t he st r uct ur e.   Sel ect  f i l l  shal l  be pl aced i n 
t he ar ea bet ween t he f ace of  t he l andwar d header  and t he s l ope of  t he 
bank.   The f i l l  shal l  be pl aced i n l i f t s  of  t he same t hi ckness as t he 
l i f t s  on backf i l l  i n t he i nt er i or  of  t he st r uct ur e.   Each l i f t  shal l  be 
compact ed t o at  l east  90 per cent  dr y densi t y.

d.   The t op st r eam si de header s shal l  be 100 mm 4 i nches l ar ger  i n di amet er  
t han t he header s used f or  wal l  const r uct i on.   The ver t i cal  pol es shal l  
be cut  f l ush wi t h t he t op of  t he f i nal  header s.   A header  shal l  be 
pl aced at  t he mi dpoi nt  bet ween t he out er  header s and secur ed wi t h 
bi nder s and [ spi kes]  [ r ebar ]  [ dowel s]  t o t he under l y i ng st r et cher s.   
The l i f t  of  backf i l l  i mmedi at el y bel ow t he compl et i on header s shal l  be 
f i l l ed wi t h a t i ght l y packed br ush mat  composed of  l i ve [ and dead]  
cut t i ngs t hat  ar e pl aced i n an al t er nat i ng r ect i l i near  gr i d pat t er n.   
Each l ayer  of  br ush shal l  be cover ed wi t h a t hi n l ayer  of  l i ght l y 
compact ed backf i l l .   [ Rounded cl ean nat ur al  st one f r om 300 t o 600 mm 12 
t o 24 i nches i n di amet er ]   [ Excavat ed sedi ment ]  shal l  be pl aced f r om 
t he t op of  t he packed br ush t o t he t op of  t he f i nal  header s [ t o t he 
gr ade shown i n t he dr awi ngs] .   [ Li ve st akes shal l  be dr i ven ver t i cal l y  
on 600 mm 2 f eet  cent er s i nt o t he backf i l l  at  t he t op of  t he 
st r uct ur e. ]   [ Lar ge nat ur al  st one ar mor  600 mm 2 f eet  t hi ck shal l  be 
pl aced on t he banks and agai nst  t he ends of  t he st r uct ur e f or  a 
di st ance of  3 m 10 f eet  upst r eam and down st r eam f r om t he st r uct ur e.   
Li ve st akes shal l  be pl ant ed i n t he j oi nt s bet ween t he st ones. ]   The 
key t r enches shal l  be f i l l ed wi t h [ l ar ge nat ur al  s t one]  [ quar r y r ock]  
t o t he desi gn gr ade.

3. 13   IRRIGATION

I r r i gat i on of  t he st r uct ur e shal l  be st ar t ed i mmedi at el y af t er  i nst al l i ng 
er osi on cont r ol  pr oduct s and veget at i on.   Wat er  shal l  be appl i ed t o 
suppl ement  r ai nf al l  at  a suf f i c i ent  r at e t o ensur e moi st  soi l  condi t i ons t o 
a mi ni mum 300 mm 12- i nch dept h.   Run- of f  and puddl i ng shal l  be pr event ed.   
Wat er i ng t r ucks shal l  not  be dr i ven over  t ur f  ar eas,  unl ess ot her wi se 
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di r ect ed.   Wat er i ng of  ot her  adj acent  ar eas or  pl ant  mat er i al  not  r el at ed 
t o wor k ef f or t s shal l  be [ pr event ed]  [ as speci f i ed by t he Cont r act i ng 
Of f i cer ] .   Wat er  shal l  be appl i ed t o t r enches i mmedi at el y bef or e pl acement  
of  l i ve veget at i on.   Wat er  shal l  be pl aced on t he compl et ed st r uct ur e at  
t he end of  each day,  as needed t o cont r ol  dust  and t o pr event  excessi ve 
dr y i ng of  veget at i on,  and at  t he compl et i on of  t he st r uct ur e.   [ The 
st r uct ur e shal l  be i r r i gat ed af t er  i nst al l at i on f or  3 mont hs unt i l  t he end 
of  t he f i r st  year  gr owi ng season. ]   [ St r uct ur es i n ar i d c l i mat es shal l  be 
i r r i gat ed f or  a per i od of  3 year s. ]   [ Dai l y i r r i gat i on of  t he st r uct ur e and 
wor k s i t e shal l  not  exceed 20 mi nut es [ each day]  [ t wi ce a day]  [ 3 t i mes per  
week]  and shal l  be suf f i c i ent  t o suppor t  t he sur vi val  and gr owt h of  pl ant ed 
veget at i on.   I r r i gat i on shal l  never  exceed l i mi t s t hat  coul d i mpai r  t he 
st abi l i t y  of  t he st r uct ur e and shal l  be adj ust ed t o compensat e f or  
addi t i ons or  def i c i t s t o soi l  moi st ur e caused by pr eci pi t at i on or  
evaporation.]

3. 14   FERTI LI ZER,  PESTI CI DE,  HERBI CI DE

**************************************************************************
NOTE:   Edi t  t hi s  sect i on as r equi r ed.   Fer t i l i zer ,  
pest i c i de,  and her bi c i de may be r equi r ed f or  t he 
const r uct i on,  est abl i shment ,  and mai nt enance of  
bi oengi neer ed st r uct ur es.   Pr ovi de met hods f or  
appl i cat i on,  f r equency of  use,  saf et y pr ecaut i ons 
f or  humans and t he envi r onment  i n t he sect i on bel ow.

**************************************************************************

3. 15   FI ELD QUALI TY CONTROL

The wor k s i t e shal l  be i nspect ed by t he Cont r act i ng Of f i cer  pr i or  t o f i nal  
accept ance of  wor k.   A punch l i s t  not i ng def i c i enci es shal l  be compi l ed by 
t he Cont r act i ng Of f i cer  and pr ovi ded t o t he Cont r act or .   Per f or m,  r epai r ,  
adj ust ,  al i gn,  or  ot her wi se compl y wi t h t he speci f i ed wor k on t he punch 
l i s t  t o t he sat i sf act i on of  t he Cont r act i ng Of f i cer .   Not i f y t he 
Cont r act i ng Of f i cer  at  l east  14 days pr i or  t o t he i nspect i on t hat  wor k 
shal l  be r eady f or  i nspect i on.   Wor k wi l l  not  be accept ed unt i l  al l  punch 
l i s t  i t ems ar e r esol ved and al l  wor k meet s or  exceeds cont r act  
r equi r ement s.   Fi nal  accept ance of  wor k shal l  not  be pr ovi ded by t he 
Cont r act i ng Of f i cer  unt i l  al l  def ect s or  def i c i enci es ar e cor r ect ed.   Fi nal  
Accept ance shal l  occur  onl y af t er  al l  cor r ect i ve act i ons and suppl ement al  
v i abl e pl ant i ngs ar e compl et e and t he st r uct ur e meet s per f or mance st andar ds 
and al l  cont r act  r equi r ement s.   Compl y wi t h necessar y r epai r s t o t he 
st r uct ur e and veget at i on as st at ed i n t he war r ant y.

3. 16   CLEAN-UP

Excess mat er i al ,  debr i s,  and wast e mat er i al s shal l  be di sposed of  of f s i t e 
at  an appr oved l andf i l l  or  r ecycl i ng cent er .   Adj acent  paved ar eas shal l  be 
c l ear ed.   The si t e shal l  be r est or ed t o pr eexi st i ng condi t i ons t o t he 
ext ent  r easonabl y possi bl e and t o t he sat i sf act i on of  t he Cont r act i ng 
Officer.

3. 17   PROTECTION

I mmedi at el y upon t he st ar t  of  t he i nst al l at i on i n an ar ea,  t he ar ea shal l  
be pr ot ect ed agai nst  t r af f i c  or  ot her  use by er ect i ng bar r i cades and 
pr ovi di ng s i gnage as r equi r ed,  or  as di r ect ed.   Si gnage shal l  be [ i n 
accor dance wi t h Sect i on 10 14 00. 10 EXTERI OR SI GNAGE]  [ as shown on t he 
dr awi ngs] .   Pr ot ect  t he wor k s i t e and veget at i on f r om damage and vandal i sm 
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and f r ee of  t r ash and debr i s unt i l  f i nal  accept ance by t he Cont r act i ng 
Officer.

3. 18   DOCUMENTATION

Est abl i sh and mai nt ai n document at i on f or  bi oengi neer i ng pr act i ces t o r ecor d 
t he desi r ed i nf or mat i on and t o assur e compl i ance wi t h cont r act  
r equi r ement s,  i ncl udi ng,  but  not  l i mi t ed t o,  t he f ol l owi ng:

3. 18. 1   Mai nt enance Recor ds

Vi si t ,  i nspect ,  and document  s i t e condi t i ons af t er  t he compl et i on of  
const r uct i on ever y week f or  t he f i r st  year  and ever y t wo weeks t her eaf t er  
unt i l  t he end of  t he second year .   Document at i on shal l  i ncl ude wr i t t en 
r epor t s on s i t e st r uct ur e and veget at i on condi t i ons,  damage,  pl ant  l oss,  
and t he l i ke,  t o f ul l y  descr i be s i t e condi t i ons at  t he t i me of  t he v i s i t s 
and changes obser ved si nce pr evi ous v i s i t s.   Phot ogr aphs of  t he s i t e and 
ar eas of  gr owt h,  def ect s,  or  damage shal l  be obt ai ned and i ncl uded wi t h t he 
r ecor ds.   Recor ds shal l  be submi t t ed t o t he Cont r act i ng Of f i cer  wi t hi n [ 48]  
[ _____]  hour s af t er  t he compl et i on of  t he s i t e v i s i t .

3. 18. 2   Fi nal  Pr oj ect  Repor t

The Fi nal  Pr oj ect  Repor t  shal l  speci f y and summar i ze al l  const r uct i on 
act i v i t i es and pr obl ems pl us i nf or mat i on i ncl uded i n t he const r uct i on and 
mai nt enance r ecor ds as submi t t ed t hr oughout  t he pr oj ect .   The r epor t  shal l  
summar i ze t he wor k r at her  t han r epeat  t he i t ems i n t he i ndi v i dual  r epor t s.

        - -  End of  Sect i on - -
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