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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 Criteria 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 si 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 
(fps)  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 si 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 cl 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 
Section 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 work by the Contractor consists of  furnishing and installing 
bioengineered features and structures .  Submit design, details, cross 
sections and profiles of site engineered structures to enhance [stream 
bank] [and] [shoreline] stability within project limits and in areas 
outside the project limits where the soil surface is disturbed from work 
under this contract [and as noted on the drawings].  Include in this work 
all necessary evaluation, design, materials, labor, supervision, and 
equipment  for installation of a complete system and after construction 
maintenance.  Submit a list of all equipment and tools that will be used 
for the construction of the bioengineered structure.  Include information 
on products used in equipment such as fuel, hydraulic fluids, and the 
like.  Coordinate this section with the requirements of Section [ 31 11 00  
CLEARING AND GRUBBING] [and] [ 31 00 00  EARTHWORK] [and] [ 35 31 19  STONE, 
CHANNEL, SHORELINE/COASTAL PROTECTION FOR STRUCTURES] [and] [ 32 31 13  
CHAIN LINK FENCES AND GATES][ 32 31 26  WIRE FENCES AND GATES] [and] [
32 92 19  SEEDING] [and all other specifications or requirements as 
necessary].

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

Measure the standard binder by the linear  meter  foot  placed.

1.2.2   Live or Dead Cuttings

Measure live or dead cuttings by number and type of individual cuttings.  
No payment will be made for cuttings not required for use in the 
structure, defective, or that are trimmed from cuttings.  Include all 
harvesting, soaking, transportation, and preparation in the measurement 
for payment.

1.2.3   Materials

Measure soil and rock by the [cubic  meter  yard ] [ metric  2000 pound  ton].

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 si 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 
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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 
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 publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D6765 (2012) Standard Practice for Live Staking

U.S. ARMY CORPS OF ENGINEERS (USACE)

TR-EL-97-8 (1997) Bioengineering for Streambank 
Erosion Control; Report 1, Guidelines

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 ct  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 ct  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.

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.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
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submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
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.

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

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for [Contractor Quality 
Control approval.] [information only.  When used, a designation following 
the "G" designation identifies the office that will review the submittal 
for the Government.]  Submittals with an "S" are for inclusion in the 
Sustainability eNotebook, in conformance to Section 01 33 29  
SUSTAINABILITY REPORTING.  Submit the following in accordance with Section 
01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Existing Site Conditions
Site Evaluation Plan
Permits and Regulations
Construction Work Sequence Schedule
Seed Establishment Period
Dewatering ; G[, [_____]]

SD-02 Shop Drawings

Staging area
Structures ; G[, [_____]]
Vegetation
Harvest Site Restoration

SD-03 Product Data

Materials
Stakes
Binders
Fertilizer
Sealing of Harvest Cuts
Painting of Stakes and Poles
Lumber
Logs, Trunks, and Brush
Equipment
Harvesting and Soaking Records

SD-04 Samples
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Soil
Excavated Sediments
Surface Water
Groundwater

SD-06 Test Reports

Material Testing

SD-07 Certificates

Installer's Qualification
Personnel Qualifications  
Seed
Vegetation
Binders

SD-10 Operation and Maintenance Data

Maintenance Instructions ; G[, [_____]]

SD-11 Closeout Submittals

Maintenance Records
Final Project Report

1.5   QUALITY ASSURANCE

All Contractor and subcontractor personnel shall be fully qualified to 
perform the specified work and shall provide the Contracting Officer with 
such documentation no less than [30] [_____] days before the notice to 
proceed.  Work shall not start until the Contracting Office is satisfied 
that the Contractor meets or exceeds all required qualifications.  All 
Contractor records, documents, and work may be inspected by the 
Contracting Officer or designated representative at any time.  Replace or 
repair immediately items not meeting quality requirements at no cost to 
the Government.

1.5.1   Regulatory Compliance

Perform the specified work in accordance with all applicable Federal, 
State, and local regulations.

1.5.2   Pre-Installation Conference

Coordinate and conduct meetings with the USACE and all subcontractors 
prior to the start of any work to ensure all work requirements are fully 
understood and will be performed.  All of these meetings shall take place 
in the presence of the Contracting Officer.

1.5.3   Substitutions

Substitutions will not be allowed.

1.5.4   Qualifications

1.5.4.1   Installer's Qualification

Submit the installer's company name and address; training and experience 
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and or certification.  The installer shall be certified by the 
manufacturer for any special training and/or experience required for 
installation.

1.5.4.2   Personnel Qualifications

Submit a list of personnel working on the project including name, title, 
and statements of their current positions and previous experiences.  
Selected personnel shall have been involved in bioengineering design and 
construction efforts similar to the proposed site work within the last 2 
years.

1.6   DELIVERY, STORAGE, AND HANDLING

**************************************************************************
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.

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

Submit a list of nonvegetative materials  to be used in the construction of 
bioengineered feature or structure.  Include manufacturer's literature 
regarding physical characteristics, limitations, and application or 
installation instructions.  Store materials in designated areas as 
recommended by the manufacturer and that are protected from direct 
exposure to the elements, moisture, and any potential damage.  Containers 
shall not be dropped from trucks.  Material shall be free of defects that 
would void required performance or warranty.  Deliver manufactured items 
in the manufacturer's original sealed containers and stored in a secure 
area.

Prior to delivery of materials, submit certificates of compliance 
attesting that materials meet the specified requirements.  Certified 
copies of the material certificates shall include the following for items 
listed in this section:

a.  Certification of recycled content or,
b.  Statement of recycled content.
c.  Certification of origin including the name, address and telephone 

number of manufacturer.
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d.  Certification for binders showing EPA registered uses, toxicity 
levels, and application hazards.

1.6.1   Erosion Control Blankets

Furnish erosion control blankets in rolls with suitable wrapping to 
protect against moisture and extended ultraviolet exposure prior to 
placement.  Erosion control blanket rolls shall be labeled to provide 
identification sufficient for inventory and quality control purposes.

1.6.2   Seed

Inspect seed upon arrival at the job site for conformity to species and 
quality.  Reject seed that is wet, moldy, or bears a test date five months 
or older.  Store seed in a cool dry area protected from moisture.

1.6.3   Lumber

Inspect lumber  for straightness and defects.  Reject warped, damaged, or 
used lumber.  Lumber shall not be stored directly on the ground and shall 
be protected from moisture until the time of installation.

1.6.4   Vegetation

Inspect vegetation cuttings, herbaceous plants, and clump plantings for 
species, size, health, and preparation.  Reject diseased, improperly 
sized, and incorrect species.  Specific requirements for storage and 
handling are provided below.

1.6.5   Earth Materials

Select fill, top soil, stone, rock, aggregate, and sand shall meet design 
specifications.  Store excavated sediments  and fill in well drained areas, 
separated from the ground by a non contaminating isolation barrier.  
Material not meeting specifications or with contained physical or chemical 
contaminates shall be rejected.

1.6.6   Logs, Trunks and Brush

Logs, trunks, and brush  shall be of the size and quality specified.  Place 
materials in organized manner in stock piles near the work site ensuring 
they were not damaged during delivery, storage, or installation.  
Materials shall not rest directly on the ground or be exposed to 
precipitation if they are to remain at the storage site for longer than 
[4] week before installation.  Coverings or the logs, trunks, or brush 
shall not promote mold or rotting.

1.7   PROJECT/SITE CONDITIONS

1.7.1   Environmental Requirements

**************************************************************************
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   Existing Site Conditions

**************************************************************************
NOTE:   I ncl ude i nf or mat i on on si 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.

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

Submit a detailed description of the existing site conditions prior to 
construction work including but not limited to literary references, site 
visits, public or private reports, studies (engineering, ecological, 
environmental, etc.) and topographic or other maps.  Submit [_____] copies 
of this survey to the Contracting Officer [_____] days before the start of 
work.

1.7.3   Site Evaluation Plan

**************************************************************************
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 si 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 
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f or  t he st r uct ur e,
-  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  st 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 
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r at es of  deposi t i on or  er osi on at  t he s i t e.

Know t he cl 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 si 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.

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

Furnish a site evaluation plan stating clear and concise project 
objectives and assessment criteria of the viability of the proposed 
structure based on the physical, chemical, biological, political, and 
social site conditions and aspects.  Submit the contents of the plan 
developed by the Contracting Officer and the Contractor in [_____] copies 
of this plan to the Contracting Officer [_____] days before the start of 
work.  The plan should contain supporting documentation and studies, which 
include but are not limited to climate, geological, geotechnical, 
hydraulic, botanical, geomorphic, project cost estimates, and regulatory 
and permitting requirements.  The site evaluation shall include a review 
of case histories of bank stabilization methods at other similar sites, 
reconnaissance report on site conditions and suitability for 
bioengineering structures or methods, design alternatives, potential 
problems, and recommendations for the types and methods of bioengineered 
structures if applicable to site conditions and uses.  The plan shall 
include lists of all applicable permits and regulations  and methods of 
compliance related to construction.  Submit list and copies of all 
required and approved permits for site work and of all regulations that 
pertain to site work to the Contracting Officer [_____] days before the 
start of work.  The plan shall include a report identifying the species of 
vegetation and plants that will be used for construction.  Refer to 
TR-EL-97-8  for site evaluation and planning guidance.  The report shall 
include but not be limited to:

Supply of vegetation,
Harvest area and procedures,
Retention of existing vegetation,
Short and long-term interaction of selected species with existing 
vegetation,
Interaction of species with existing structures,
Retention or elimination of nonnative or invasive species,
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Performance of selected vegetation in the proposed structure,
Maintenance and replacement.

1.8   SEQUENCING AND SCHEDULING

**************************************************************************
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 si 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 all work [during the period of plant dormancy] [as stated below] 
and in accordance with all Federal, State, and local requirements for 
in-stream or near stream construction.  The construction sequence shall 
result in successful completion of the structure.  Submit a construction 
work sequence schedule , detailing the work tasks and order of completion, 
to the Contracting Officer for approval a minimum of [90] [_____] days 
prior to the start of construction.  Work shall not commence without the 
approval of the schedule and construction sequence by the Contracting 
Officer.  Construction shall not occur if climatic conditions threaten the 
survivability of plants or worker safety.  Construction sequence schedule .

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 structure and all manufactured materials shall be under Contractor 
warranty for a period of [2] years including vegetation and earthworks.  
Stone and rock shall be under warranty from decomposition for [5] years.

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  

SECTION 31 32 39  Page 19



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 
performance.

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

1.10.1   General

Include in maintenance eradicating weeds; protecting embankments and 
ditches from surface erosion; maintaining the performance of the erosion 
control materials and mulch; replacement of dead or non-viable plants; 
repair of soil, stone, rock, or hard structures, and protecting installed 
structures from human and animal activities.

1.10.2   Maintenance Instructions

Furnish written instructions containing drawings and other necessary 
information to the Contracting Officer, describing the care of the 
installed material; and including when and where maintenance should occur 
and the procedures for material replacement.  Submit instruction for 
year-round care of installed products including schedule, materials, and 
tasks.  Instructions shall describe the methods for specific maintenance 
activities and equipment and tools required for such efforts.  
Requirements on safety and regulations and permits shall be included.

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

Submit certification for binders showing EPA registered uses, toxicity 
levels, and application hazards.  Prior to delivery of materials, submit 
certificates of compliance attesting that materials meet the specified 
requirements and certified copies of the material certificates.  All 
binders shall be biodegradable and untreated hemp or coir rope or 
fasteners, which shall be able to withstand 2 years minimum exposure to 
the environment of placement without significant degradation in strength 
or quality.  Steel or plastic binders or fasteners shall not be used.

2.2   EROSION CONTROL ITEMS

**************************************************************************
NOTE:   Sever al  st 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 
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t he speci f i c  needs and t ypes of  pr oduct s bel ow.
**************************************************************************

Provide [erosion control products] [and] [sediment control structures or 
products].  Install materials and structures according to manufacturer's 
recommendations based on [actual site conditions] [and] [as shown in the 
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.

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

Provide seed in accordance with Section 32 92 19  SEEDING.  
[State-certified] [State-approved] seed of the latest season's crop shall 
be provided in original sealed packages bearing the producer's guaranteed 
analysis for percentages of mixture, purity, germination, hard seed, weed 
seed content, and inert material.  Labels shall be in conformance with AMS 
Seed Act and applicable State seed laws.  Provide classification, 
botanical name, common name, percent pure live seed, minimum percent 
germination and hard seed, maximum percent weed seed content, and date 
tested.  Submit the Seed Establishment Period  calendar time for seed 
establishment.  When there is more than one seed establishment period, 
describe the boundaries of the seeded area specific for each period.  
Permanent seed species and mixtures shall be proportioned by weight as 
follows:

Mixture Percent by
Weight

Percent Pure Live
Seed

Botanical Name Common Name

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

2.4   PERMANENT VEGETATION SPECIES AND MIXTURES

**************************************************************************
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 si 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 
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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 
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.
**************************************************************************

Submit classification, botanical name, common name, harvest location, 
plant heath, and date tested, (live or dead cuttings, nursery stock, 
plants).  Permanent vegetation  type and planting plan, species and 
mixtures for [live and dead cuttings] [and] [nursery stock] [and] 
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[herbaceous plants] shall be as follows:

Mixture Percent by
Volume

Percent Live and Dead Botanical Name Common Name

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

Weed seed or noxious plants shall be a maximum of 1 percent by weight of 
the total seed mixture.  [Undesired], [non native] [and] [or] invasive 
vegetation species shall not be allowed.  All live cuttings and 
containerized plantings shall be capable of growth and rooting and free of 
disease or defects at the time of installation.

2.5   STAKES

Stakes shall be 100 percent biodegradable materials and shall be designed 
to safely and effectively secure erosion control blankets, coir logs, 
fascines, and other bioengineered structures for temporary or permanent 
applications.  The biodegradable stakes shall be fully degradable by 
biological activity [within 2 years].  The stakes must exhibit ample 
rigidity to enable being driven into hard ground, with sufficient 
flexibility to resist shattering.

2.6   STAPLES

Do not use metal or plastic staples.

2.7   SYNTHETIC GRID AND SHEET SYSTEMS

Do not use synthetic grid and sheet systems.

2.8   CRUSHED ROCK, GRAVEL, SAND, STONE, RIPRAP, and BACKFILL

The quality of rock, gravel, sand, stone, riprap, and backfill shall be in 
accordance with requirements in Section 31 00 00  EARTHWORK and Section 
35 31 19  STONE, CHANNEL, SHORELINE/COASTAL PROTECTION FOR STRUCTURES.  
Materials not meeting specified requirements shall be rejected and 
immediately replaced by suitable material at no cost to the Government.

2.9   WATER

Water for irrigation, soaking of plants and cuttings, and dust control 
shall be the responsibility of the Contractor.  Water shall be clean, free 
of contaminates, and have a turbidly of less than 20 NTU.  Water shall be 
from [a public source of know quality] [local surface water  source] [
groundwater  well] near the work site.  [Test water obtained from non 
public sources for quality in accordance with paragraph MATERIAL TESTING 
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  
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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 
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.

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

[All fencing shall be in accordance with Section [ 32 31 26  WIRE FENCES AND 
GATES][ 32 31 13  CHAIN LINK FENCES AND GATES].]  Fencing shall be temporary 
and consist of [_____] fence.  Fencing shall be secured to [wood] [metal 
T-poles] that are driven  600 mm  2 feet  into the ground and extend  1.2 m  4 
feet  above the finish grade.  Install fencing [at the start of work] 
[after construction].  Fencing shall remain in place [until vegetation is 
established] [for 3 years].

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.

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

[All underground irrigation shall conform to Section 32 84 24  IRRIGATION 
SPRINKLER SYSTEMS or as approved by the Government.]  Provide the 
following products and materials for irrigation.

Product Manufacturer Quantity Purpose

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

2.12   FERTILIZER , PESTICIDE, HERBICIDE

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

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

Provide the following products and materials.

Product Manufacturer Quantity/ Application Purpose

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

2.13   MATERIAL TESTING

**************************************************************************
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 si 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  st 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 
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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 
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.

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

Submit certified reports of inspections and laboratory tests, prepared by 
an independent testing agency, including analysis and interpretation of 
test results.  Each report shall be properly identified.  Test methods 
used and compliance with recognized test standards shall be 
described.Collect samples of soil  and water at and for use at the site, 
collected at the locations as shown in the drawings and at source 
locations for the materials or water.  Collect these samples and test as 
specified below.

Sample Location Number Test Method Collection Method

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

PART 3   EXECUTION

3.1   SITE VERIFICATION OF CONDITIONS

Coordinate, through the work schedule, the timing of land disturbing 
activities with the provision of erosion control measures.  An erosion 
control plan will be required in accordance with applicable Federal, 
State, or local requirements.  Perform erosion control operations under 
favorable weather conditions.  When excessive moisture, frozen ground, or 
other unsatisfactory conditions prevail, stop the work as directed.  When 
special conditions warrant a variance to earthwork operations, a revised 
construction schedule shall be submitted for approval.  Bioengineering 
materials shall not be applied in adverse weather conditions, which could 
affect their performance.  Complete all tasks necessary for the required 
submittals.

3.2   SITE PREPARATION

3.2.1   Temporary Construction Facilities

**************************************************************************
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 
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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.

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

Establish access routes to the construction site prior to the start of 
work and show them on the drawings.  All temporary construction facilities 
shall be in accordance with Section 01 50 00  TEMPORARY CONSTRUCTION 
FACILITIES AND CONTROLS.  Provide access to the work site and harvest area 
by [temporary] [permanent] [roads] [and] [paths] designed for [motorized 
vehicles] [and] [pedestrian access] if acceptable and in accordance with 
regulations and property owner restrictions and permission.  Select access 
methods that have the least impact on existing site conditions and that 
may be easily removed and restored upon the completion of work.  Provide 
strict access control to the work and harvesting sites to prevent access 
by non-authorized personnel.  Install [access gates] [barricades] at the 
entrances of temporary [roads] [paths] to the sites.  [These gates shall 
be secured with a keyed lock and shall remain closed at all times when 
personnel are not present at the gates for access.  Provide duplicate keys 
for the lock to the Contracting Office, landowner, authorized regulatory 
personnel, and fire and law enforcement as required.]  [Place appropriate 
signage on the gates that clearly specify site access is restricted.]

3.2.2   Clearing and Grubbing

The access route and construction site shall be cleared of vegetation 
necessary for the construction of the bioengineered structure or staging 
area in accordance with Section 31 11 00  CLEARING AND GRUBBING.  Efforts 
will be made to salvage vegetation suitable for use in the bioengineered 
structure.

3.2.3   Erosion and Sediment Control

Install erosion and sediment control measures prior to active construction 
efforts to prevent erosion of soil and offsite releases of sediment.  

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 
Section 31 00 00 EARTHWORK.

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

The [stream bank] [shoreline] shall be sloped and graded [in accordance to 
Section 31 00 00  EARTHWORK] [and] [as shown on the drawings].

3.2.4.1   Trenches

Unless otherwise stated, trenches shall be to the depth, width, and line 
as shown on the drawings.  Side slopes, unless otherwise indicated, shall 
be at the angle of repose.  Material removed from the trench shall be 
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[used as backfill] [removed from the site].  [Trenches shall be backfilled 
with select fill].  [The floor of the trench shall be compacted to 90 
percent maximum dry density and smooth.]  Place backfill in  150 mm  6 inch  
lifts compacted [to 80 to 90 percent maximum dry density] [sufficiently to 
improve soil density but not impede vegetation root growth].  [Trenches 
shall be keyed into the stream bank for a distance of 3 feet].  [Shoring 
shall be installed [if the trench exceeds  1 m  3 feet  in depth] [as 
required by regulations]].  [The Contractor is responsible for dewatering 
of trenches for construction purposes.]

3.2.4.2   Finished Grade

Finish grade shall be smooth and as shown on the drawings and in 
accordance with Section 31 00 00  EARTHWORK.

3.2.4.3   Surface Roughening

**************************************************************************
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 sl 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 surfaces of all barren slopes related to work efforts shall be 
roughened by [equipment] [and] [manual efforts] to reduce erosion and 
promote trapping of seed, water, and sediment.  All lifts shall be 
compacted as specified in Section 31 00 00  EARTHWORK.  [The surfaces of 
the lifts shall be covered with loosely compacted soil to a depth of  100 mm
 4 inches .]  [Track-mounted equipment shall traverse the slope from the 
toe to the crest to place track imprints parallel to the contours of the 
slope.]

a.  [Slopes on new cut faces greater than 3H:1V shall be roughened by 
stair-step cuts installed during construction.  The faces of the steps 
shall not exceed  600 mm  2 feet  in height in soft material or  900 mm  3 
feet  in height in hard material.  The horizontal spacing between the 
vertical faces shall not be less than the vertical height of the step.]

b.  [Slopes on new fill greater than 3H:1V shall be roughened by the 
installation of lifts of compacted soil that shall not exceed  200 mm  8 
inches  in thickness.]

c.  [The existing slope of graded areas shall be roughened by tilling, 
disking, harrowing and seeding, or other suitable method or equipment 
to produce ridges and depressions in the surface of the slope, which 
are parallel to the contours of the slope.  These ridges and 
depressions shall not exceed  25 mm  1 inch  in depth or height above the 
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grade surface and shall be spaced no more than  250 mm  10 inches  apart.]

d.  The final roughened surface shall not be smoothed by blading or 
scraping.  All large soil clumps shall be broken into small clumps not 
more than  50 mm  2 inches  in diameter and dispersed on the immediate 
surface.  Mounds or depressions of soil that are greater in height or 
depth than those produced by the method of roughening shall be cut or 
filled with suitable material to grade and shall be roughened to match 
the adjacent surface.  Depressions of depth greater than  150 mm  6 
inches  shall be backfilled with compacted suitable material until 
reaching the design grade of the slope and roughened.  Sand or silty 
sand shall not be compacted to a density that may prevent vegetation 
planting and growth.  Roughened areas shall be seeded, planted, or 
covered with erosion control products [immediately after roughening] 
[within [_____] days after completion of roughening].

3.3   FIRE PREVENTION

All efforts possible shall be taken to prevent fire at the work site and 
harvest area as a direct result of work efforts.  Fire prevention or 
suppression equipment shall be provided to personnel at the work and 
harvest sites.  All equipment shall be in compliance with applicable 
regulations and shall be kept in working condition at all times and within 
no more than  5 m  15 feet  distant from the active work areas.

3.4   SANITATION

Provide adequate portable sanitation facilities for persons at the 
construction and harvest sites that are in compliance with all Federal, 
State, and local requirements.

3.5   HARVESTING OF VEGETATION

**************************************************************************
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  
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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 .

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

3.5.1   Harvesting of Woody Plants

**************************************************************************
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 
inches  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 
feet  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 .

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

[Stakes] [,] [poles] [,] [and] [cuttings] shall be harvested from local 
sources of selected species.  Species of plants foreign to the ecosystem 
environment at the work site shall only be imported if they pose minimal 
threat to interfering with the native vegetation, are accepted by 
regulatory and environmental management, and are able to survive at the 
specific site.  Unless otherwise stated below, [cuttings] [and] [stakes] 
shall be  19 to 38 mm  0.75 to 1.5 inches  in diameter and at least  1 m  3 feet
 in length.  [Stakes] [Poles] with a diameter of  50 to 75 mm  2 to 3 inches  
and minimum length of  1.5 m  5 feet  shall be used for insertion into 
armored stream bank structures.  [Stakes] [and] [cuttings] [and] [poles] 
shall be cut from healthy plants and shall be as straight as possible.  
Plants for harvest shall be a minimum of one-year-old, preferable 2 to 5 
years in age.  Suckers or current year growth shall not be used.  All cuts 
shall be clean and free of splits or excessive peeling of bark.  At least 
two bud scars shall be visible on the [cutting] [stake] [pole] above the 
surface of the ground or structure when installed.  [Stakes] [Poles] with 
deviations or curvatures greater than  13 mm  0.5 inch  from vertical per  200 
mm 1-foot  of length will not be accepted.  [All branches emanating from 
the [stake] [pole] shall be trimmed as close as possible to the surface of 
the stake without damage to the bark.]  [The bottom end of the [stake] 
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[pole] shall be cut at an angle of 60 degrees to the horizontal.  The top 
of the [stake] [pole] shall be cut normal to its length.]  [Live cuttings 
shall be harvested from branches and shall include the growth tips of the 
branch.  The butt of the cutting shall be cut at an angle to the vertical 
to aid in placing into soil.]  If trunks of vegetation remain after 
cutting, these trucks shall have a sufficient number of healthy branches 
remaining to allow survival.

3.5.2   Harvesting of Herbaceous Plants

**************************************************************************
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   Harvesting of Reeds or Clump Plantings

**************************************************************************
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 cl 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   Sealing of Harvest Cuts

All harvest cuts on trunks or branches of the host vegetation shall be 
trimmed of loose wood or bark and sealed with an approved sealant to 
prevent desiccation and disease or infestation at the end of the workday 
without exception.

SECTION 31 32 39  Page 31



3.5.5   Harvest Site Restoration

The harvest site shall be restored to preexisting conditions as best as 
possible after harvesting is completed.  Restoration shall include but 
shall not be limited to removal of aggregate or wood chip roads or access 
paths, access gates, and ruts or depression, or other items or features 
related to work activities.

3.5.6   Disposal of Excess Vegetation

Excess cut vegetation from harvesting shall be [thinly distributed on 
site] [collected and removed from the site] [staked on-site and [burned] 
[left in place]] [collected and transported to the work site for 
incorporation in the designed structure].

3.6   TIME OF PLANTING

**************************************************************************
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 si 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 .
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**************************************************************************

Planting shall occur in the [spring] [fall] [summer] starting no earlier 
than [_____] and shall be completed by no later than [_____].

3.7   TRANSPORTATION OF HARVESTED VEGETATION 

a.  All freshly harvested and prepared live woody vegetation shall be 
immediately submerged in clean uncontaminated water and shall not be 
allowed to dry out.  Cut vegetation shall be transported to the work 
staging area submerged in water.  If site conditions prohibit direct 
access to storage bins filled with water, then the freshly cut live 
vegetation shall be wrapped in cloth, which is thoroughly saturated 
with water, and shall be transported to a storage bin filled with 
water within no more than one hour from the time of cutting.

b.  Live vegetation shall be transported from the staging area to the work 
site in containers fully covered with clean water.  Vegetation shall 
be removed from the containers and immediately placed in the ground.  
In the event that access to the installation site is limited, 
vegetation shall be removed from the soaking tanks and wrapped in 
bundles that are completely covered with at least three layers of 
saturated highly absorbent cloth or saturated biodegradable paper 
product with high saturated strength.  The cloth and bundles shall be 
placed in plastic liners for greater ease in transportation to the 
work site.

c.  Cut vegetation shall not be left uninstalled at the work site and 
exposed to air or heat or excessive cold for any reason.  Dead 
[cuttings] [stakes] [poles] shall not be soaked unless the design 
requires this vegetation to be flexible.  Cut live vegetation that is 
exposed to air for longer than 15 minutes during harvesting, 
transportation, installation, or which were not collected or 
transported as specified above shall not be accepted.  Damaged live 
vegetation shall not be accepted and shall be replaced at no expense 
to the Government.

d.  [[Herbaceous plants] [Nursery stock] shall be transported to the work 
site in covered vehicles.  Plants shall not be subjected to cold or 
excessive heat or drying during transport.  The plants shall be 
carefully unloaded at the staging area and placed in a shaded area.  
Plants shall be watered and maintained in healthy condition until the 
time of installation.  The plants shall be transported to the work 
site [by hand] [push cart] [vehicles] and immediately installed at the 
site.  Damaged, wilted, diseased, or dead [plants] [nursery stock] 
shall not be accepted and shall be immediately replaced at no expense 
to the Government.]

3.8   SOAKING AND PAINTING OF LIVE WOODY VEGETATION

**************************************************************************
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.

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

SECTION 31 32 39  Page 33



a.  All harvested live vegetation shall be soaked in clean water for 3 to 
5 days before installation into the ground.  The live vegetation shall 
be placed in clean, leak proof, large plastic storage containers or 
similar, which are at least  300 mm  12 inches  longer in length than the 
cut vegetation.  Reused or new metal drums or drums used for the 
containment of hazardous wastes or chemicals shall not be used.  The 
containers shall be placed in organized lines in a shaded location 
separated by a sufficient distance to allow access of a vehicle to the 
containers for the placement and removal of the vegetation.  Each 
container shall be given a unique identification number or series of 
numbers and letters that shall be clearly visible at the end of the 
container that shall be approached for the placement or the removal of 
vegetation.  The identification numbers shall be recorded and 
referenced in relation to the contained vegetation for quality control 
and construction purposes.

b.  The water levels in the containers shall be checked twice daily and 
water shall be added as needed to ensure the containers are filled 
with sufficient water to completely cover the contained vegetation 
with a minimum of  50 mm  2 inches  of water.  Rust proof weights or 
clean cobbles or boulders may be used to weight down the vegetation 
and retain it under the water surface.  These weights shall not crush 
or damage the vegetation.  Water in the containers shall be completely 
replaced with fresh and clean water every 3 days without exception.  
Vegetation that remains in water that has not been replaced as 
required shall be deemed defective and shall not be accepted by the 
Government.  Water replacement schedule may be adjusted to compensate 
for weekends and holidays with the notification and approval of the 
Contracting Officer.

3.8.1   Mixing of Live Vegetation

Vegetation of a specific species shall not be commingled with another 
species during cutting, soaking, or transportation.

3.8.2   Painting of Stakes and Poles

**************************************************************************
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 top ends of the [stakes] [and] [poles] shall be painted with a latex 
paint diluted with water at a ratio of one part paint to one part water.  
The tops of the [stakes] [and] [poles] shall be [dipped in the dilute 
paint mixture to a depth of  75 mm  3 inches  after soaking] [painted 
immediately after planting by [brush] [spray applicator]].  The color of 
the paint shall be [caution yellow] [safety orange].  The top ends of dead 
[stakes] [and] [poles] shall [not] be painted.

3.8.3   Harvesting and soaking records

Daily logs shall be prepared documenting the activities of plant 
harvesting, transportation, and soaking.  These records shall contain at a 

SECTION 31 32 39  Page 34



minimum: name, date, weather conditions, company, location of harvest 
area, location of soaking area, site rehabilitation, species harvested, 
number of cuttings harvested, number of cuttings placed in soaking tanks, 
damage to cuttings, problems, and solutions to problems encountered.  
Records shall clearly indicate the health of the primary vegetation from 
which the cuttings are obtained, diameter of cuttings and primary 
vegetation, length of cuttings, trimming procedures, time of cutting, time 
of placement in transportation bins, handling procedures, sealing of 
harvest cuts, time the live vegetation is delivered and transferred to 
soaking tanks, and identification label of the tank in which the cuttings 
are placed.  The records shall contain the duration of soaking of the 
vegetation, water quality and time and amounts of water added to the tank 
during soaking, time of removal of the cuttings from the tanks, time of 
planting of the cuttings, and procedures used for removal, transportation, 
and planting of the vegetation at the construction site.  The records 
shall be signed by the lead harvest person or person in charge of soaking 
and planting and shall be provided to the on-site manager at the end of 
each day.  Records shall be provided to the Contracting Officer within 
[24] [_____] hours of completion. 

3.9   STAGING 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 staging area shall be constructed at the work site for the storage of 
equipment, work trailer, portable sanitation, water tanks, parking, and 
all other materials and equipment required to complete the work.  The site 
should have a level portion for the placement of soaking tubs for the live 
vegetation.  [The staging area shall be secured by an eight feet high 
chain link security fence to prevent vandalism or unauthorized access to 
the staging area.]  Adequate surface preparation shall be performed to 
prevent excessive settlement, ponding of water, or rutting.  The location 
and design of the staging area shall be shown in the drawings.

3.10   SITE DRAINAGE

**************************************************************************
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 
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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.

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

[_____]

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.

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

Submit overall plan for dewatering and any required diversion of water.  
Completely address in the plan installation and removal of the required 
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systems and features.  Dewater for construction, obtain and review all 
necessary information to ensure dewatering efforts are in compliance with 
regulations, and ensure the designed dewatering efforts are adequate based 
on site conditions and climate and other variables that may effect 
dewatering efforts.  [Submit a technical memorandum detailing all 
dewatering requirements, locations, methods, and disposal procedures to 
the Contacting Officer at least [60] days before the start of work.]  
Information provided by the Government regarding dewatering requirements 
and site conditions shall in no way relieve the Contractor of full 
responsibility for all dewater planning, efforts, and costs.  Ensure the 
structure will not be damaged by buoyant forces or by currents should 
water enter the excavation or during the removal of this water.  Ensure 
dewatering efforts do not impact adjacent structures or property, result 
in instability of the excavation floor or slopes, produce unsafe working 
conditions, or damage to animals or the environment.

3.12   BIOENGINEERED 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 
feet  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 si l l
Def l ect or s ( St r eams wi der  t han 9 m 30 f eet ,  st r eam 
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bank pr ot ect i on)
Veget at ed def l ect or  ( gr oi ns,  di kes,  spur s)
Li ve br ush si l l
Br ush t r ansver se
Br ush gr i d
Longi t udi nal  St r uct ur es
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 cl 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 Structures

3.12.1.1   Permanent Seeding

**************************************************************************
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 
than  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 
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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.

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

Selected seed shall conform to all required regulations and requirements 
and all seeding shall be performed in accordance with Section 32 92 19  
SEEDING.  Seed shall be placed before installation of erosion control mats 
or the application of other erosion control materials or products.

3.12.1.2   Live Staking

**************************************************************************
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.

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

Live stakes shall be driven into the ground in a row parallel to the 
stream bank with the stakes spaced  1 meter  3 feet  apart.  Rows of stakes 
shall be installed starting from the toe of the bank and progressing 
landward and shall be spaced  1 meter  3 feet  apart.  Successive rows of 
stakes shall be offset from the preceding row by one half the spacing 
distance between the stakes.  Construction shall be performed in 
accordance with ASTM D6765 Standard Practice for Live Staking.

3.12.1.3   Joint Planting

**************************************************************************
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.

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

Live [stakes] [poles] shall be installed in rows parallel to the stream 
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bank with the [stakes] [poles] driven into joints between the [stones] 
[rocks] of the bank armor.  [Stakes] [Poles] shall be driven a minimum of  
600 mm 2 feet  into the soil behind the armor and shall be spaced  1 meter  3 
feet  apart.  The [stakes] [poles] shall be inclined at 15 to 45 degrees 
from horizontal.  Rows shall be installed starting at the toe of the bank 
and progressing landward and shall be spaced  1 meter  3 feet  apart.  
[Stakes] [Poles] in successive rows shall be offset from the [stakes] 
[poles] in the preceding row by half the spacing distance.  The tops of 
the [stakes] [poles] shall extend at least  0.5 m  1.5 feet  but not more than
 1 meter  3 feet  above the top of the armor.

3.12.1.4   Pole Planting

**************************************************************************
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.

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

Live poles shall be driven vertically into the stream bed to a minimum 
depth of  1 m  3 feet .  [No more than one-half the length of the pole below 
grade shall extend above the ground.] [The poles shall be driven to 
refusal.] [Pilot holes shall be drilled at the locations where the poles 
shall be installed using a steel rod or mechanized drilling machine.  The 
poles shall be placed into the holes and loose sediment around the poles 
shall be compacted in place.  Additional sediment shall be added as need 
to fill any space between the pole and the inner wall of the pilot hole 
until the hole is filled to the existing surface.]

a.  Poles shall be straight and at least  100 mm  4 inches  in diameter.  The 
driving tip shall be shaped to a point to aid in installation.  
Branches shall [not] be stripped from the pole [where exposed above 
grade after installation].  The top of each pole shall be cut normal 
to its length.
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b.  Install poles in rows parallel to the stream bank at a nominal spacing 
of  1 m  3 feet .  Install rows starting at the toe of the bank and 
progressing towards the stream channel to the mean low water level.  
Offset poles in successive rows from the poles in preceding rows by 
one half the spacing distance.  The tops of the poles shall be at a 
uniform elevation [of  1 m  3 feet ] above the mean low water level along 
the bank.

3.12.1.5   Live Fascine

**************************************************************************
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 
sl 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 sl 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 sl 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  
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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 sl ope ar e:

Slope Sl ope Di st ance
Bet ween Tr enches ( m

ft )

Maxi mum Sl ope
Lengt h ( mft )

1H: 1V t o 1. 5H: 1V 0.9-1.2 3-4 4.5 15

1. 5H: 1V t o 2H: 1V 1.2-1.5 4-5 620

2H: 1V t o 2. 5H: 1V 1.5-1.8 5-6 930

2. 5H: 1V t o 3H: 1V 1.8-2.4 6-8 1240

3H: 1V t o 4H: 1V 2.4-2.7 8-9 15.2 50

4H: 1V t o 5H: 1V 2.7-3 9-10 18.3 60

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 cl 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 
sl 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 sl 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  
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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 
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 sl 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   Horizontal Fascines

Install all trenches parallel to the direction of the bank contours.  All 
trenches shall be  450 mm  18 inches  wide and not more than  50 mm  2 inches  
deeper than the diameter of the fascine bundles.

a.  A key trench shall be excavated [at the toe of the bank] [at the mean 
[high] water level] [at the location shown on the drawings] [to a 
depth of  1 m  3 feet  below the mean high water level] and shall extend 
the full length of the working area.  Trenches up slope of the key 
trench shall be [the same length as the key trench] [ 3 m  10 feet  in 
length and separated by a spacing of  3 m  10 feet  longitudinally.  The 
midpoints of the trenches placed up slope shall coincide with the 
midpoints of the spaces between the down slope trenches]. Trenches 
shall be spaced  1.2 m  4 feet  apart.  A trench shall be installed at 
the toe and at two feet below the crest of the bank regardless of 
spacing interval.  These trenches shall extend the full length of the 
work site.  [At least [2] [_____] trenches shall be placed landward of 
the crest of the slope at a spacing of  1.2 m  4 feet .]  All trenches 
shall be [keyed into the bank slope] [and] [filled for a distance of  1 
m 3 feet  with large natural stone at the up stream and down stream 
ends of the trenches].

b.  The fascine bundle shall be placed in the center of the trench with at 
least  50 mm  2 inches  of the bundle exposed above the top of the 
existing grade of the stream bank.  The junction between the ends of 
adjacent fascine bundles in the same trench shall be [offset 
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side-by-side] [interwoven with each other] for a distance of  300 mm  
1-foot .  The fascine bundle shall be anchored in the trench with 
[live] [and] [dead] [stakes] [and] [poles] that are at least  50 mm  2 
inches  [square] [in diameter] at the top, 700 mm 2.5 feet  in length, 
and tapered from the top to the base.  The [stakes] [poles] shall be 
driven vertically through the fascine until flush with the top of the 
bundle starting 1-foot from the end of each fascine and spaced every  1 
m 3 feet  thereafter.  A terminal [stake] [pole] shall be driven  300 mm  
one-foot  from the end of the fascine regardless of spacing interval.  
[Stakes] [Poles] shall not be driven through or within  150 mm  6 inches  
of the binders.  Live [stakes] [poles] shall be driven into the slope 
on the downhill side of the fascine bundle at an angle not to exceed 
45 degree from vertical.  The [stakes] [poles] shall be placed at the 
midpoint between the anchor [stakes] [poles] and shall contact the 
underside of the fascine, but shall not penetrate the fascine.  At 
least  75 mm  3 inches  of these downhill live [stakes] [poles] shall 
extend above the ground surface.  Soil shall be placed and lightly 
tamped into place around the fascine and brushed into the voids in the 
fascine until only the top of the bundle is partially exposed.  The 
top of the backfill shall slope towards the back of the fascine trench 
to prevent overtopping by runoff and to retain water and sediment.

c.  [A single fascine shall be placed in the key trench.]  [Up to [3] 
[_____] fascines shall be stacked on top of one another in the key 
trench.]  Live poles shall be driven vertically into the ground to a 
minimum depth of  600 mm  2 feet  to secure the [stacked] fascine 
bundle(s) in the key trench.  These poles shall extend at least  600 mm  
2 feet  above the top of the upper most bundle.  Key trenches shall be 
backfilled with compacted [removed sediment] [select fill] to match 
the [existing] [final grade of the] surface.

3.12.1.5.2   Vertical Fascines

Trenches shall be installed normal to the bank contours and shall be spaced
 3 m  10 feet  apart starting from the up stream end of the work site.  A 
trench shall be placed at the down stream end of the work site regardless 
of spacing interval.  The trenches shall extend [from the [toe of the 
bank] [key trench]] to [[the crest of the bank] [ 3 m  10 feet  landward of 
the crest of the bank]] [between the horizontal fascine trenches.  
Vertical trenches shall be offset by  1.5 m  5 feet  between horizontal 
trenches to prevent through flow of drainage].  All trenches shall be  450 
mm 18 inches  wide and not more than  50 mm  2 inches  deeper than the 
diameter of the fascine bundles.  [A key trench shall be excavated 
parallel to the bank contours at the [toe of the bank] [mean high water 
level] and shall extend the full length of the working area.  The key 
trench shall be filled with horizontal fascine bundles as specified above 
in paragraph HORIZONTAL FASCINES].

a.  The fascine bundle shall be placed in the center of the trench with at 
least  50 mm  2 inches  of the bundle exposed above the top of the 
existing grade of the stream bank.  The junction between the ends of 
adjacent fascine bundles in the same trench shall be [offset 
side-by-side] [interwoven with each other] for a distance of  300 mm  
1-foot .  The fascine bundle shall be anchored in the trench with 
[live] [and] [dead] [stakes] [and] [poles] that are least  50 mm  2 
inches  [square] [in diameter] at the top, 700 mm 2.5 feet  in length, 
and tapered from the top to the base.

b.  The [stakes] [poles] shall be driven vertically through the fascine 

SECTION 31 32 39  Page 44



until flush with the top of the bundle starting  300 mm  1-foot  from the 
end of each fascine and spaced every  1 m  3 feet  thereafter.  A 
terminal [stake] [pole] shall be driven  300 mm  one-foot  from the end 
of the fascine regardless of spacing interval.  [Stakes] [Poles] shall 
not be driven through or within  150 mm  6 inches  of the binders.  Live 
[stakes] [poles] shall be driven into the slope on the up stream and 
down stream sides of the fascine bundle at an angle not to exceed 45 
degree from vertical.  The [stakes] [poles] shall be placed at the 
midpoint between the anchor [stakes] [poles] and shall contact the 
underside of the fascine, but shall not penetrate the fascine.  At 
least  75 mm  3 inches  of the up stream and down stream live [stakes] 
[poles] shall extend above the ground surface.

c.  Soil shall be placed and compacted into place around the fascine and 
brushed into the voids in the fascine until only the top of the bundle 
is partially exposed.  The top of the backfill shall be roughened, 
seeded, and covered with erosion control matting to prevent the loss 
of soil.

3.12.1.6   Siltation structures

**************************************************************************
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 
feet  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 
feet .   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 
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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 
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 si l t at i on 
structures.

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

a.  The siltation structure shall [be [parallel] [normal]] [consist of 
segments parallel and normal] to the contours of the bank.  The 
structure shall be composed of [live] [dead] [live and dead cuttings, 
comprising [80 percent] [and] [20 percent] of the structure, 
respectively].  Cuttings shall be  1 to 2 m  3 to 6 feet  in length [and 
flexible] with side branches attached.

b.  The cuttings shall be placed in a trench that is excavated [at the toe 
of the bank] [ 1 m  3 feet  from the toe of the bank towards the stream 
channel] [as shown on the drawings].   The trench shall [be parallel 
to the bank contours and at the mean high water elevation.] [extend 
the entire length of the work site.] [[normal] [inclined at 15 degrees 
down stream to the bank contours.]] [The trench shall extend from the 
toe of the bank to the mean water elevation of the stream.]  All 
trenches shall be  600 mm  2 feet  deep with a 'V' shaped cross section.  
[Trenches shall be spaced  1 m  3 feet  apart.] [All trenches shall be 
keyed  1 m  3 feet  into the stream bank.]

c.  The ends of the cuttings shall be pushed vertically into the bottom of 
the trench along the centerline and shall have the growth tips 
extending  450 mm  1.5 feet  above the top of the trench.  The cuttings 
shall be placed to form a layer that is  150 mm  6 inches  thick with at 
least [15] [_____] cuttings per  300 mm  linear foot  of trench.  Large 
natural stone shall be placed on either side of the bases of the 
cuttings and backfill shall be placed to infill between the stones to 
the top of the existing [design] grade.  [The stream side portion of 
the structure and the toe of the bank shall be protected with [coir 
logs] [exposed dead fascines] [large natural stone with joint 
plantings of [live] [and] [dead] [poles] [stakes] [root wads]]].  The 
ends of the structure shall be protected with large natural stone 
placed on the up stream side of structure where it ties into the 
stream bank.
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3.12.1.7   Brush 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 
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.  [Live] [and] [dead] cuttings shall be generally straight, supple, 1.5 m
 5 feet  long, and shall have lateral branches still attached.  The cut 
ends of the cuttings shall be shaped to sharp tips for penetration 
into the stream bank.  The cuttings shall be placed in rows parallel 
to the contours of the bank starting  1 m  3 feet  below the bank crest.  
The rows shall be spaced every  600 mm  2 feet  thereafter down slope to 
the toe of the bank.  All rows shall extend the full length of the 
work site.

b.  The cut ends of the cuttings shall be pushed into the bank at the same 
contour elevation for each row with the growth tips toward the top of 
the bank.  The cuttings shall be oriented [normal] [at an angle of 15 
degrees down stream from normal] to the bank toe.  At least 15 
cuttings shall be placed per  300 mm  liner foot  in each row.  A light 
roller and foot pressure shall be used to push the cuttings of 
subsequent rows against the bank over the cuttings of preceding rows 
to achieve a mat thickness of  100 mm  4 inches .  [Up to 15 percent of 
the cuttings shall be placed parallel to the slope of the bank and 
interwoven with the cuttings that are placed with the growth tips 
toward the top of the bank.  These parallel cuttings shall reinforce 
the brush mat.  The growth tips of the parallel cuttings shall be 
oriented down stream.]  The process of placing and compressing 
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cuttings shall continue down slope until the toe of the bank is 
reached.  A row of cuttings shall be place along the toe of the bank 
regardless of spacing interval.

c.  The toe of the bank shall be protected by [large natural stones] 
[[live] [dead] fascines] [coir logs] that overlie the base of the 
cuttings of the row at the toe of the bank.  [An erosion control mat 
shall be installed on the prepared grade of the bank slope before the 
placement of the cuttings.]  [The ends of the mat shall extend  1.2 m  4 
feet  over unprepared bank.]

d.  [Live] [Dead] anchor stakes that are  50 mm  2 inches  in diameter shall 
be driven through the mat and  600 mm  2 feet  into the stream bank.  The 
tops of these stakes shall not extend more than  300 mm  1-foot  above 
the top of the mat.  The stakes shall be placed in rows parallel to 
the bank contours starting at the crest of the bank with the stakes 
spaced  1 m  3 feet  apart.  Subsequent down slope rows shall be spaced 
every  1 m  3 feet  to the toe of the bank.  A row of stakes shall be 
installed along the toe of the bank regardless of spacing interval to 
anchor the base of the mat.  The top of each anchor stake shall be 
notched with a  13 mm  1/2-inch  deep triangular cut that is normal to 
the length of the stake and  25 mm  1 inch  below the top of the mat when 
compressed by foot pressure adjacent to the stake.

e.  The up stream and down stream ends of the mat shall be secured with 
anchor stakes that shall be placed with a spacing interval equal to 
one half the above specified spacing distance of stakes in the rows.  
The one half distance spacing of stakes shall extend for  1 m  3 feet  
towards the center of the structure from the up stream and down stream 
ends of the mat and shall extend from the base to the top of the mat 
at these locations.

f.  The mat shall be secured to the slope using binding ropes.  The ropes 
shall be laced across the mat in a diagonal.  A single length of rope 
shall be secured to a stake in the row of stakes at the toe of the 
bank.  The rope shall be secured to each stake that is oriented 
diagonally to this stake in a single direction from the toe of the 
bank to the crest of the bank.  Ropes that cross between stakes shall 
be tied together.  Ropes shall be secured parallel and normal to the 
slope along the rows of stakes and to the stakes that lie in a line 
from the crest to the toe of the bank.  These ropes shall be tied 
together where they meet between stakes.  All ropes shall be secured 
to the stakes with non raveling knots.  No more than  150 mm  6 inches  
of rope shall remain at the ends of the rope lengths after they are 
installed.

g.  [Removed soil] [Select fill] shall be brushed into the mat to within  
50 mm 2 inches  of the top of the structure.

3.12.1.8   Clump Planting

**************************************************************************
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 
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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 
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 stream bank shall be prepared for clump planting by excavating  600 
mm 2 feet  deep holes with floors that slope into the bank and that are 
at least  150 mm  6 inches  longer and wider than the same dimensions of 
the removed clumps.  The floors of these holes shall not be within  150 
mm 6 inches  of the groundwater table.  The excavations shall be 
[spaced at  2 m  6 feet  and separated by  1 m  3 feet  of existing bank] [ 1 
m 3 feet  in width, continuous, and separated by  1 m  3 feet  of existing 
bank] along the extent of the work site.  Removed soil shall be used 
as backfill.  Excess soil from the excavations shall be [removed from 
the site] [thin spread on the upper bank landward of the clump 
plantings].  The exposed surface of the backfill shall be roughened 
and seeded [and covered with erosion control products].

b.  Suitable species for transplant shall be located in the vicinity of 
the work site.  Plant species shall not mature to heights greater than  
4.5 m  15 feet  or trunk diameters exceeding  100 mm  4 inches .  Clumps of 
plants shall not exceed the width of the removal equipment.  If clumps 
are removed by hand, these clumps shall not exceed  1 m  3 feet  in any 
dimension.  The clumps shall be removed with existing soil and as many 
shallow roots as possible to aid in growth and survival, and shall be 
transported immediately to the work site and placed.

c.  Prior to placement, the excavation shall be flooded with water to 
moisten the soil and aid in plant survival.  The plant clumps shall be 
placed with vegetation [standing vertically] [slightly inclined 
towards the stream] and firmly pushed into the soil at the base of the 
excavation to prevent rafting.  At least [[3] [_____]] [dead stakes] 
[or] [live poles] shall be driven through each clump to secure it to 
the bank.  Biodegradable coir net with a minimal life of 2 years shall 
be placed on top of the soil of the clump and shall extend  1 m  3 feet  
onto the bank beyond the limits of the excavation.

3.12.2   Transverse Structures

**************************************************************************
NOTE:   Tr ansver se st r uct ur es consi st  of  l i ve 
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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.

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 si 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.

**************************************************************************
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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  
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 vi 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 si 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 si 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  
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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.

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

a.  Live poles shall be  1 m  3 feet  long, 38 to 100 mm  1.5 to 4 inches  in 
diameter, and the bottom ends of the poles shall be cut to form sharp 
drive points.  The poles shall be driven vertically into the streambed 
to a minimum depth of  600 mm  2 feet  and shall be placed across the 
channel in a [straight row] [row that is deflected down stream by 15 
degrees] ['V'-shaped row pointing down stream with the apex at the 
center of the channel].  Poles shall have a spacing of no less than  50 
mm 2 inches  but not greater than  150 mm  6 inches .  [The center poles 
of the structure shall extend a maximum of  [300] [600] mm  [1] [2]-foot  
above the existing grade of the streambed.]  [The center poles shall 
be dead poles placed for a distance of  1 m  3 feet  about the centerline 
of the structure.]  [The central span of the structure shall be 
composed of large natural stone keyed  600 mm  2 feet  into the streambed 
with a top elevation  300 mm  1 foot  above the existing streambed.  The 
stone shall extend  600 mm  2 feet  on each side of the centerline of the 
structure and shall be tightly butted with [live] [dead] poles of the 
palisade structure.]  [The tops of the poles shall increase in height 
outward from the center of the structure by no more than  15 mm  
0.05-foot  for each adjacent pole to form a notch at the center of the 
structure.]  [The tops of the poles shall be at the same elevation.]  
The ends of the structure shall be placed in key trenches that extend  
1 m  3 feet  into the stream bank.

b.  Cross beam members of untreated [straight  25 by 100 mm  1 by 4 inch  
dimensional lumber] [long straight poles at least  50 mm  2 inches  in 
diameter] shall be attached to the palisade with binding products, 
which shall be wrapped at least two times around the cross beam and 
adjacent pole.  Binding products shall be installed to prevent 
raveling of the binder in the event of the loss of a portion of the 
binder or structure.  The cross beam members shall be [horizontal] 
[inclined] and at the same elevation on each side of the palisade and 
shall extend the entire width of the structure.  The beams shall be  
600 mm 2 feet  greater in length than the structure and the ends of the 
beams shall be placed in key trenches in the bank.  Key trenches shall 
be excavated to the depth and width necessary for the placement of the 
ends of the cross beams and shall be backfilled with soil removed by 
excavation.

c.  The sediment in the streambed shall be compacted around each pole 
using a tamping bar.  [The sediment removed from the streambed for the 
installation of the poles shall be placed as compacted backfill around 
the poles.]  Dead cuttings and excess live cuttings shall be placed in 
a criss-cross pattern on the up stream and down stream sides of the 
structure for a distance of  600 mm  2 feet  and shall be tightly packed 
against the stream bank at the ends of the structure to a thickness of  
150 mm 0.5-foot  for  600 mm  2 feet  beyond the limits of backfill 
exposed at the key trenches.
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3.12.2.2   Brush [and Stone] Sill

**************************************************************************
NOTE:   Br ush si 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  
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 
si 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 feet  deep trench shall be excavated normal to and across the 
entire width of the stream channel.  Live cuttings shall be placed in a 
criss cross manner with 20 cuttings per  1 meter  3 linear feet  of trench on 
the down stream face of the trench. [Cuttings shall be placed in the same 
pattern and concentration as in the trench for the sill on the stream side 
faces of trenches excavated at the toes of the banks for a distance of  4.5 
meters  15 feet  up stream and down stream of the ends of the sill 
structure].  The cut ends of the cuttings shall be pushed into the bottom 
of the trench to [refusal] [ 150 mm 6 inches ] and the growth tips shall 
extend  600 mm  2 feet  above the top of the existing streambed.  Large 
natural stone shall be placed on top of the cut ends of the cuttings [to 
the top of the existing streambed to fill the entire trench] and shall be 
tamped into the streambed to secure the stones in place.  Removed sediment 
shall be placed in the voids between the natural stone [and shall be 
placed over the lower stone work to fill the entire trench].  Excess 
sediment shall be thin spread up stream of the structure.  Large natural 
stone shall be placed at the ends of the structure against the bank [and 
at the upstream and down stream ends of the trenches excavated parallel to 
the banks].  [Live stakes] [and] [dead cuttings] up to  600 mm  2 feet  in 
length shall be driven into the [sediment backfill on  150 mm  6 inch  
centers] [between the joints in the natural stone] across the entire width 
of the trench and  1 m  3 feet  up each bank from the toe of the bank.  Sills 
shall be spaced [ 15 m  50 feet  apart] [as shown on the drawings].
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3.12.2.3   Wattle fence sill

**************************************************************************
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 si 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 
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  st 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 si l l s  and br ush l ayer  st r uct ur es.

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

a.  A trench  600 mm  2 feet  deep and  300 mm  1 foot  wide shall be excavated 
normal to and extend across the entire width of the stream channel.  
[Live] [Dead] poles shall be  1 m  3 feet  long with a minimum and 
maximum nominal diameters of  38 and 100 mm  1.5 and 4 inches , 
respectively.  The bottom ends of the poles shall be cut to form sharp 
drive points.  The poles shall be driven vertically into the streambed 
to a minimum depth of  600 mm  2 feet  and shall be placed across the 
channel in a [straight row] ['V'-shaped row pointing down stream with 
the apex at the center of the channel with the poles] at a spacing of  
600 mm 2 feet .  The poles shall extend a maximum of  [300] [600] mm  [1] 
[2]-foot  above the existing grade of the streambed.  [The center poles 
shall be dead poles placed for a distance of  1 m  3 feet  about the 
centerline of the structure.]

b.  The wattle fence shall extend from the bottom of the trench to the 
tops of the poles.  The top of the fence shall be [at the same 
elevation] [sloped to the center of the channel].  The fence shall be 
constructed of flexible [live] [and] [dead] cuttings that are  2 meters  
6 feet  in length and from  19 to 38 mm  3/4 to 1.5 inches  in diameter.  
The cuttings shall be [laced horizontally between the poles in an 
alternating woven pattern with the cuttings being placed on the up 
stream and down stream sides of adjacent poles across the structure 
starting from the steam bank] [placed on the up stream side of the 
poles and shall be tightly packed and interwoven to form a  braided 
vertical structure].  The ends of the cuttings shall overlap  300 mm  
1-foot  with adjacent cuttings.  The cuttings of the fence shall be 
secured to the poles with binding products.  The binders shall be 
installed to prevent raveling of the binders in the event of the loss 
of a portion of the binders or structure.

c.  [Sediment removed from the trench shall be placed in the excavation as 
compacted backfill around the poles and lower fence.]  [Live stakes 
shall be placed at  300 mm  1-foot  spacings in the backfill.]  [Large 
natural stone shall be placed at the bottom of the trench along the up 
stream and down stream toes of the fence [and shall extend to the top 
of the existing streambed].  [The stones shall be tamped into place 
and sediment shall be used to fill voids between the stones.]  [Live 
stakes shall be placed in the joints between the stones.]]  Excess 
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sediment shall be thin spread up stream of the structure.

d.  [Cross beam members of untreated [straight  25 by 100 mm  1 by 4 inch  
dimensional lumber] [long straight poles at least  50 mm  2 inches  in 
diameter] shall be placed on the down stream side of the poles and 
overlie the fence on the up stream side of the structure.  The beams 
shall be attached to the structure with binding products wrapped at 
least two times around the cross beam and adjacent pole and laced 
through the wattle fence cuttings.]  [The cross beams shall be 
horizontal and at the same elevation on each side of the structure and 
shall extend the entire width of the structure.]  Both ends of the 
structure [shall extend into a key trench that is excavated  600 mm  2 
feet  in the banks] [extend to the existing stream banks and be covered 
on both sides with large natural stone placed from the channel bottom 
to the top of the structure.  The stone shall rest on the stream bank, 
be at least  600 mm  2 feet  thick, and extend  1.5 m  5 feet  away from the 
structure in the up stream and down stream directions.]

3.12.2.4   Vegetated Crib Wall or Wood sill 

**************************************************************************
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 
si 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 trench shall be excavated that is  1.5 m  5 feet  wide and  600 mm  2 feet
 deep and extends normal to and across the entire width of the stream 
channel.  The floor of the trench shall be sloped at 15 degrees up 
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stream and shall be [manually compacted using a tamping bar weighing 
at least  18 kg  40 pounds ] [compacted using a small motorized tamping 
machine] until the bottom of the trench is dense and provides a solid 
base for the crib wall [wood sill].  The floor of the trench shall be 
[as shown in the drawings] [of uniform grade across the trench 
width].  Depressions in the trench floor shall be filled with 
compacted material to raise these areas to grade and positive areas 
above the floor design elevation shall be reduced to grade.  The 
trench shall be keyed into the stream banks for a distance of  1 m  3 
feet .  Material removed from the key trenches shall be used as 
compacted backfill in the key trenches.  Sediment removed from the 
trench in the stream channel shall be [removed from site and replaced 
with select fill] [used as compacted backfill].

b.  The [crib wall] [wood sill] shall be framed with [untreated, straight  
100 mm 4-inch  square by  2.5 m  8 feet  long posts] [ 100 to 150 mm  4 to 6 
inch  diameter by  2.5 m  8 feet  long straight logs harvested from local 
sources.  The logs shall be cut normal to the trunks with all branches 
stripped from the trucks].  The down stream header shall be placed 
[parallel to the bottom of the trench and extend the full width of the 
trench] [along the alignment shown in the drawings].  [The up stream 
header shall be placed parallel and  1.5 m  5 feet  up stream of the down 
stream header.]  Splices between members shall be placed end-to-end 
and in line.  Wood posts that are at least  100 mm  4 inches  in diameter 
shall be driven vertically  150 mm  6 inches  from the splices on the up 
stream and down stream sides of the headers.  Wood post shall be 
driven on both sides of the headers at the midpoints between the 
splices.  The members at the ends of the structure shall be firmly 
placed against the faces of the key trenches.  Wood posts shall be 
driven on both sides of the headers at the toes of the banks and the 
toes of the key trenches.

c.  Stretchers [for wood sills shall be  1.2 m  4 feet ] [for live crib walls 
shall be  2 m  6 feet ] in length.  Stretcher shall be placed between the 
vertical splice poles and normal to the down stream header.  The 
stretchers shall be spaced every  1.2 m  4 feet  between the poles and 
have a minimum of  100 mm  4 inches  extending down stream of the header 
face.  The rear butt of the stretcher shall be placed [firmly against 
the upstream face of the trench] [on top of the up stream header].  
The stretcher shall be attached to the header(s) with binding products 
wrapped three times around the stretcher and header in a criss cross 
pattern and secured with a non-raveling knot.  A  13 mm  1/2-inch  
diameter hole shall be drilled vertically through the stretcher and 
header.  A  16 mm diameter by 300 mm  5/8 inch diameter by 12 inch  long 
[non-galvanized steel spike] [steel rebar] [hard wood dowel] shall be 
driven into the hole and set flush to the top of the stretcher.

d.  The open area between the down stream header and the upstream [trench 
face] [header and the portion of the trench upstream of the upstream 
header] shall be backfilled with compacted [sediment removed from the 
trench excavation] [select fill] to an elevation that is at the middle 
of the stretchers.  Live cuttings that are  19 to 38 mm  3/4 to 1.5 inch  
in diameter and  2.4 m  8 feet  long shall be placed in a criss cross 
manner on top of the compacted backfill with the cut ends pushed into 
the up stream face of the trench.  At least  600 mm  2 feet  of growth 
tips of the cuttings shall extend beyond the face of the down stream 
header.  Backfill shall be placed and lightly compacted on top of the 
cuttings to the top of the stretchers.  Additional lifts of headers, 
stretchers, backfill, and cuttings shall be placed until only the 
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final lift remains.  The centerlines of the down stream headers shall 
be offset  50 mm  2 inches  upstream of the lower headers to provide an 
incline to the down stream face of the structure.

e.  The top down stream header shall be  100 mm  4 inches  larger in diameter 
than the headers used for wall construction to reduce sediment loss 
due to scour.  The vertical poles on both sides of the headers shall 
be cut flush with the top of the final down stream header [and the top 
rear header].  A header shall be placed at the midpoint between the 
top down stream and up stream headers and secured with binders and 
[spikes] [rebar] [dowels] to the underlying stretchers.  The lift of 
backfill immediately below the completion headers shall be filled with 
a tightly packed brush mat composed of live [and dead] cuttings that 
are placed in an alternating pattern perpendicular and parallel to the 
wall.  Each layer of cuttings shall be  100 mm  4 inches  thick and shall 
be covered with a thin layer of lightly compacted backfill.  [Rounded 
clean natural stone from  200 to 300 mm  8 to 12 inches  in diameter]  
[Excavated sediment] shall be placed from the top of the packed brush 
to the top of the down stream header and shall be graded up stream to 
match the existing slope of the stream channel up gradient of the work 
site.  [Live stakes shall be driven vertically on  600 mm  2 feet  
centers into the backfill at the top of the structure.]  [Large 
natural stone armor  600 mm  2 feet  thick shall be placed at the ends of 
the structure and on the slopes of the banks for a distance of  2 m  6 
feet  upstream and down stream from the structure.  Live stakes shall 
be planted in the joints between the stones.]  The trench down stream 
of the structure shall be filled with [large natural stone] [a brush 
[and stone] sill] [a brush mat].

3.12.2.5   Vegetated Dry Stone Barriers 

**************************************************************************
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 trench that is  1.2 m  4 feet  wide and  1 m  3 feet  deep shall be excavated 
normal to and across the entire width of the stream channel and shall be 
keyed  1 m  3 feet  into the stream banks.  The bottom of the trench shall be 
sloped at 15 percent in the up stream direction and shall be compacted 
using a manual tamping bar weighing at least  18 kg  40 pounds .   Large 
stone of similar size shall be placed on the entire floor of the trench 
with a minimum of voids between the stones.  The stones shall be covered 
by [fine sediment] [select fill] that shall be worked into the voids 
between the stones until only the tops of the stones are visible.  Live 
cuttings that are  2 m  6 feet  long and up to  38 mm  1.5 inches  in diameter 
shall be placed on top of the stones in a criss cross pattern with the 
butts of the cuttings in contact with the up stream face of the trench.  
The growth tips of the cuttings shall be oriented down stream and shall 
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extend  0.5 m  1.5 feet  beyond the farthest down stream placed stones.  
Addition lifts of stone, fill, and cuttings shall be placed on the lower 
lifts until the design height of the structure is reached.  The stones of 
each successive lift shall be placed to interlock with the tops of the 
stones of the lower lift.  Live cuttings at the top of the structure shall 
be placed in between the stones and inclined slightly down stream.  [Live 
stakes that are  600 mm  2 feet  long shall be driven between the joints of 
the stones at the top of the structure on  600 mm  2 feet  centers and for a 
distance of  1 m  3 feet  up the stream banks.]  The top stones shall be 
covered with a  100 mm  4 inch  thick layer of [fine sediment] [select fill].

3.12.2.6   Brush Work or Brush Packing

**************************************************************************
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 
sl 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.  [Brush work construction shall start at the upstream end of the work 
site and progress down stream with each down stream layer of cuttings 
overlying the layer of cuttings immediately upstream.]  [Brush packing 
construction shall start at the down stream end of the work site and 
progress upstream with each upstream layer of cuttings overlying the 
layer of cuttings immediately down stream.]

b.  Trenches that are  300 mm  1-foot  deep shall be excavated normal to and 
across the entire stream channel [and shall extend  1.5 m  5 feet  up the 
stream banks].  Trenches shall be spaced  1.5 m  5 feet  apart.  Live 
cuttings that are  2 m  6 feet  in length shall be placed in the trench 
in a herringbone pattern at an angle of 30 degrees from the centerline 
of the channel with the growth tips pointing [upstream] [inclined down 
stream at an angle of 45 degrees from vertical].  The cuttings shall 
[not] extend up the stream banks.  The cut ends of the cuttings shall 
be pushed firmly into the streambed.  [Removed sediment] [Select fill] 
shall be placed and compacted over the cut ends of the cuttings to the 
elevation of the existing channel.  This procedure shall be repeated 
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for the specified length of channel at the work site.

c.  Cross logs shall be placed normal to the channel and on top of the 
cuttings every  1 meter  3 feet .  The logs shall be  100 mm  4 inches  in 
diameter and shall extend the full width of the channel.  [Cross logs 
shall be placed parallel to the slope of the bank on top of the brush 
[work] [pack] layers that extend up the stream banks.  The ends of the 
cross logs at the toes of the banks shall be shaped to sharp tips and 
the logs shall be driven  500 mm  1.5 feet  into the streambed at the 
angle of the slope of the stream bank.]  [Live] [Dead] poles shall be 
driven vertically into the streambed on the down stream sides of the 
cross logs.  The poles shall be spaced at  600 mm  2 feet  intervals and 
the tops of the poles shall not be greater than  150 mm  6 inches  above 
the tops the cross logs.  Poles shall be driven at the toes of the 
stream banks regardless of spacing interval.  The poles and cross logs 
shall be tied together using binders that shall be wrapped around the 
logs and poles in a manner that shall prevent raveling.

3.12.2.7   Live Fascine Sill

**************************************************************************
NOTE:   Li ve f asci ne si 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 si 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 si 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 si l l s .   
St ep si 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 Fascine shall be  300 mm  12 inches  in diameter and  3 m  10 feet  in 
length and shall be constructed of live cuttings that are from  19 to 38 mm  
3/4 to 1.5 inches  in diameter.  Up to 35 percent dead branches [and 15 
percent rounded gravel or cobbles] shall be interwoven with the live 
cuttings.  A  200 mm  8-inch  deep by  0.5 m  1.5 feet  wide trench shall be 
excavated normal to and across the entire width of the stream channel [and 
at least  1.5 m  5 feet  up the faces of the stream banks].  The fascine 
shall be placed in the trench.  The junction between fascine bundles in 
the same trench shall be [offset side-by-side] [interwoven] for a distance 
of  300 mm  1-foot .  The fascine shall be anchored in the trench with  700 mm  
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2.5 feet  long [live] [dead] stakes that are at least  50 mm  2 inches  [in 
diameter] [square] at the top and tapered from the top to the base.  The 
stakes shall be driven vertically through the fascine until flush with the 
top of the bundle starting  300 mm  1-foot  from the end of the fascine and 
spaced every  1 meter  3 feet  thereafter.  A terminal stake shall be driven  
300 mm one-foot  from the end of the fascine regardless of spacing 
interval.  [Live] [Dead] stakes shall be driven at a 45-degree angle on 
the down stream side of the fascine but shall not penetrate the bundle.  
The fascine shall be secured to the stakes with binders that shall be 
wrapped around the fascine and secured to the stakes.  The binders shall 
be tied to prevent ravel in the event of damage.  Removed sediment shall 
be used as backfill and placed and compacted on the up stream and down 
stream sides of the fascine and shall be brushed into the fascine 
structure until only the top of the fascine is visible.  Fascine sills 
shall be [spaced  8 m  25 feet  apart starting from the down stream end of 
the work site] [placed at the locations shown on the drawings].

3.12.2.8   Vegetated Deflector

**************************************************************************
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 
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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 
i ncl 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.  Excavate a trench  [ 4.5 m  15 feet  wide, 1 m  3 feet  in depth below the 
lowest elevation of expected scour, that extends from the toe of the 
high bank to  3 m  10 feet  into the stream below the mean low water 
elevation.  The trench shall be [keyed  1.5 m  5 feet  into the bank.] 
[as shown on the drawings].  [Live cuttings shall be placed against 
the face of the trench from the mean water level to the high bank.  
These cuttings shall extend at least  450 mm  1.5 feet  above grade and 
the cut ends of the cuttings shall be firmly pushed into the bottom of 
the trench and covered with a thin layer of [sediment] [select 
fill]].  [Natural stone]  [Quarry rock] at least  1 m  3 feet  in the 
minimal dimension shall be placed against the outer perimeter face of 
the trench and maintain as much contact with adjacent stones as 
possible.  [The [stone] [rock] shall be placed to a height of  600 mm  2 
feet  above the high mean water level of the stream].  The outer face 
of the [stone] [rock] shall slope at [2H:1V] while the face towards 
the center of the trench shall be at the angle of repose.  [Sediment 
removed from the trench]  [Select fill] shall be brushed into the 
voids between the [stones] [rocks] until the soil is even with the 
tops of the [stones] [rocks].  Live cuttings shall be placed on top of 
the outer [stones] [rocks] with the cut ends of the cuttings firmly 
pushed into the bottom of the inside trench.    The ends of the 
cuttings shall be covered with a thin layer of sediment that shall be 
overlain by [backfill] [sandbags].  [Live poles shall be driven 
between the [stones] [rocks] to a depth of at least  1.2 m  4 feet .]  
The core of the structure lying inside the larger outer [stones] 
[rocks] shall be filled with [removed sediment] [select fill] [in 
untreated biodegradable sand bags that are placed tightly end to end 
and in vertical overlapping pattern] [compacted cohesive sediment 
removed from the trench separated from the outer [stones] [rocks] by a  
600 mm 2 feet  thick layer of select fill contained in untreated 
biodegradable sand bags].

b.  Successive lifts of armor [stone] [rock] shall be placed on top of the 
completed lifts to the design slopes and grades of the structure.  
Live cuttings shall be placed on the top of each lift.  The core of 
the structure shall be raised concurrently with the lifts of armor 
material.  The final lift shall consist of interlocked [stone] [rock] 
that extends across the entire top of the structure.  [Removed 
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sediment][Select fill] shall be brushed into the voids between the 
[stones] rocks].  Live stakes shall be planted in the joints between 
the [stones] [rocks] with a spacing of  1 m  3 feet .  The top of the 
rock structure shall be  300 mm  1 foot  above the top of the original 
elevation of the high bank.

3.12.2.9   Live Brush Sill

**************************************************************************
NOTE:   Li ve br ush si 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  
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 si 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 feet  deep trench with a 'V' shaped cross section shall be 
excavated normal to the toe of the stream bank from [the mean high water 
level] for a distance of [ 3 m  10 feet  into the stream channel [from the 
mean high water level]] [and] [ 6 m  20 feet  landward of the toe of the 
bank.] [to the edge of existing vegetation] [as shown on the drawings].  
Live cuttings shall be placed in the trench with the cut ends pushed 
firmly into the bottom of the trench with the growth tips extending at 
least  600 mm  2 feet  above the top of the existing grade.  At least 20 
cuttings shall be placed per  300 mm  linear foot  of trench and all cuttings 
shall rest against the down stream side of the trench.  Large stone up to  
150 mm 6 inches  in diameter shall be placed on the bottom of the trench 
against the cut ends of the cuttings and shall be covered with loosely 
compacted [sediment] [soil] [select fill] to the existing surface.  
[Excess material removed from the trench that is to remain on site shall 
be mounded around the base of the sill at the surface.]  Sills shall be 
spaced  1.5 m  5 feet  apart.

3.12.2.10   Brush Transverse

**************************************************************************
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 
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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  st 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 cl ast i c 
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  st 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 trench  600 mm  2 feet  deep by  1.5 m  5 feet  wide shall be excavated 
from [the face of the high bank] [edge of the stream bank] to [ 3 m  10 
feet  beyond the low mean water elevation of the stream] [the new bank 
alignment as shown on the drawings].  [The trench shall be keyed into 
the stream bank for a distance of  1 m  3 feet .]  The base of the trench 
shall be firmly compacted.  Live [and] [dead] cuttings that are at 
least  1.5 m  5 feet  in length and that have side branches attached 
shall be placed on the down stream side of the trench.  The cuttings 
shall be placed with a concentration of at least 20 cuttings per  300 mm
 linear foot  of trench to form a layer with a thickness of  100 mm  4 
inches .  The cut ends of the cuttings shall be pushed firmly into the 
streambed with a minimum of  1 m  3 feet  of the growth tips extending 
above grade and inclined in the down stream direction.  The cut ends 
of the cuttings shall be covered with a  75 mm  3 inch  layer of 
moderately compacted [fine-grained sediment] [select fill] that shall 
extend from surface grade to the base of the trench at the angle of 
repose.

b.  Durable [large natural stone] [quarry rock] that is  450 mm  1.5 feet  in 
minimal dimension shall be placed along the up stream side of the 
trench, against the fill covering the cut ends of the cuttings, and 
completely fill the key trench.  [Natural stone]  [Quarry rock] 
ranging from  150 to 450 mm  0.5 to 1.5 feet  in minimal diameter shall 
be placed to cover the floor of the trench and firmly tamped into 
place to provide the greatest contact with adjacent [stones] [rocks].  
[Fine sediment] [Select fill] shall be [brushed] [washed] into the 
voids between the [stones] [rocks] until only the tops of the [stones] 
[rocks] remain exposed.  Successive layers of [stone] [rock] shall be 
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placed on lower lifts in a pattern that allows the greatest amount of 
interlocking of [stones] [rocks] and the voids between the [stones] 
[rocks] shall be filled with [fine sediment] [select fill] to the top 
of the structure.  The end of the structure that projects into the 
stream shall be constructed of [large stone] [rock] that is  1 m  3 feet  
in minimal dimension for a distance of  2 m  6 feet .  [Excess sediment 
removed from the trench shall be placed along the up stream and down 
stream toes of the structure.]  The farthest up stream structure in 
the work area shall be placed at an angle of 30 degrees to the 
direction of stream flow to deflect the current towards the center of 
the channel.  Subsequent down stream structures shall be constructed 
at right angles to the stream bank with a spacing of the average 
length of the structure.

3.12.2.11   Brush Grid

**************************************************************************
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 si 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 si 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 excavation that is  4.5 m  15 feet  wide and  1 m  3 feet  deep shall 
extend from the edge of the high bank  6 m  20 feet  into the stream 
channel.  The floor of the excavation shall be sloped towards the bank 
at 2H:1V and shall be smooth and compacted.  The side slopes shall 
extend beyond the above specified dimensions and shall be at the angle 
of repose.  The trench shall be keyed  1.5 m  5 feet  into the stream 
bank.] [Sediment shall be excavated to form a level floor at the 
installation area to the grades and dimensions shown on the 
drawings.]  [Live]  [Dead] poles composed of [untreated manufactured 
lumber] [straight sections cut from local trees] shall be driven 
vertically  1 m  3 feet  into the streambed [along the alignment of the 
proposed bank] [as shown on the drawings] [in a straight row that is  
4.5 m  15 feet  from the edge of the high bank].  Additional poles shall 
be placed between the new alignment of poles and the stream bank on  
1.5 m  5 feet  centers.  The poles shall be  100 mm  4 inches  in 
diameter.  The length of the poles shall be such to allow  600 mm  2 feet
 of pole to extend above the mean water level.  The bottoms of the 
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poles shall be shaped to sharp tips to facilitate driving them into 
the streambed.  The tops of the poles shall be cut normal to the 
lengths of the poles.  The top elevations of the poles shall be the 
same for all poles.  [Pilot holes, slightly larger in diameter than 
the poles, shall be drilled into the streambed using a [steel punch 
rod] [mechanical drill] in coarse alluvial sediment].  The poles shall 
stand erect without support after installation in the streambed.  
Loose or nonvertical poles shall be reinstalled.  Poles damaged during 
installation shall be replaced at no expense to the Government.

b.  The base layer of the structure shall consist of  150 mm  6 inch  
diameter by  6 m  20 feet  long trunks of trees with their branches still 
attached.  The root wads shall not be attached to the trunk.  These 
trunks shall be tightly packed between the poles with the growth tips 
extending  600 mm  2 feet  into the stream beyond the new bank 
alignment.  The trunks shall be placed horizontally in the excavation 
with the cut ends placed [in the key trench] [firmly butted against] 
the stream bank.

c.  [Removed sediment]  [Select fill] shall be placed over the trunks 
until only to tops of the trunks are exposed.  Live cuttings up to  50 
mm 2 inches  in diameter shall be placed vertically in rows spaced  1 m  
3 feet  apart parallel to the base layer of trees with a minimum of 5 
cuttings per  300 mm  linear foot  of row.  The cut ends of the cuttings 
shall be pushed through gaps between the base logs and into the 
streambed.  The top of the growth tips of the cuttings shall be at the 
same elevation as the top of the vertical poles and inclined at a 
slight angle down stream.  A layer of live cuttings consisting of  1 m  
3 feet  wide rows that are up to  300 mm  12 inches  thick shall be placed 
horizontal on top of the first lift of trunks and pulled around the 
upright live cuttings and poles.  The growth tips shall extend  600 mm  
2 feet  beyond the new alignment into the stream.  The rows shall be 
separated from the vertical posts by a distance of  300 mm  one-foot .  
Sediment shall be placed on top of the cuttings to fill all voids 
until only the top of the rows are exposed.  A lift of cuttings shall 
be placed normal to the first lift of cuttings with the growth tips 
extending  600 mm  2 feet  beyond the down stream edge of the structure.  
Sediment shall be placed on top of this lift of cuttings the same as 
the lower lift.  Lifts of rows of cuttings shall be placed in this 
alternating manner until the structure reaches a minimal height of  1 m  
3 feet  above the mean low water level.  Large natural stone shall be 
placed along the outer perimeter of the structure to protect it from 
scour.  The top of the structure shall be secured with [a layer of 
natural stone] [sand bags filled with select fill] placed on top of 
the horizontal cuttings and around the vertical live cuttings and 
poles.

3.12.3   Longitudinal structures

**************************************************************************
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.

**************************************************************************
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3.12.3.1   [Single] [Clump] Reed Planting

**************************************************************************
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 st  
mont hs of  summer  t o al l ow t he pl ant s t o become 
established.

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 shall be planted during the active growing period.  The reeds shall 
be delivered to the site in bundles in saturated cloth.  [Single reeds] 
[Reed clumps] shall be planted on a grid with a spacing of  600 mm  2 feet  
starting at the shoreline and progressing landward [for a distance of  16 m  
50 feet ] [to the existing reed line].  The stems of the reeds shall be 
slightly above grade and vertical.  The shoreline edge of the planting 
area shall be protected by [a line of natural stone] [coir log] [log] 
[_____].  [Reeds placed between stone armor at the water line shall be 
placed between the stones in narrow trenches backfilled with fine-grained 
sediment.]

3.12.3.2   Live stone revetment

**************************************************************************
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 
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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 evi 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 shall be prepared by reducing the slope to [2H:1V] [as shown 
in the drawings].  The surface of the bank shall be smoothed and 
compacted.  A key trench shall be excavated at the toe of the stream 
bank and shall extend [ 1 m  3 feet  below the mean low water level] [ 600 
mm 2 feet  below the lowest elevation of estimated scour].  The bank 
shall be overlain by a  100 mm  4 inch  thick layer of  75 mm  3-inch  minus 
compacted fill that contains less than 5 percent fines that shall 
serve as a filter blanket between the outer armor stone and the bank 
soil.

b.  Large stone with a nominal diameter of  1 m  3 feet  shall be placed in 
the key trench.  Armor stone shall be placed up bank from the key 
stones to the bank crest [and extend  1.5 m  5 feet  landward of the bank 
crest].  Each stone shall be placed to interlock with down slope 
stones to form a rock mass that covers 100 percent of the exposed 
bank.  The stones shall be placed by [hand] [heavy equipment with 
placing bucket].  Stones shall not be dumped in mass from the top of 
the bank.  The stones shall be pushed into the bank once the stone is 
placed.  [Top soil] [Excavated bank material] shall be placed on top 
of the stone and shall be brushed over the surface of the stone to 
fill the voids between the stones.  Live [cuttings] [stakes] [poles] 
shall be driven between the joints of the rock at least  600 mm  2 feet  
into the bank soil below the base of the armor stone.  Up to 10 live 
poles shall be placed per square yard of area.  Cuttings shall be 
placed on the entire structure from the mean low water level to the 
landward end of the revetment.

c.  The ends of the structure shall be keyed into the stream bank.  Key 
trenches shall be excavated  1.5 m  5 feet  into the stream bank at the 
up stream and down stream ends of the structure.  These trenches shall 
be 1.5 mm  5 feet  deep and the faces of these trenches shall be the 
same slope as the face of the prepared bank.  The trenches shall be 
filled with large [stone] [rock] that is pushed into the bottom and 
sides of the trench.  The voids between the [stones] [rocks] shall be 
filled with soil removed from the trench.  The [stone] [rock] shall 
extend to the surface and wrap in a continuous mass into the armor 
[stone] [rock] on the face of the bank.

3.12.3.3   Brush Layered Revetment

**************************************************************************
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  
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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 shall be prepared by reducing the slope to [2H:1V] [as shown 
in the drawings].  The surface of the bank shall be smoothed and 
compacted.  A key trench shall be excavated at the toe of the stream 
bank and shall extend [ 600 mm 2 feet  below the mean low water level] [
600 mm 2 feet  below the lowest elevation of estimated scour].  The 
bank shall be overlain by a  100 mm  4 inch  thick layer of  75 mm  3-inch  
minus compacted fill that contains less than 5 percent fines that 
shall serve as a filter blanket between the outer armor stone and the 
bank soil.

b.  Live cuttings shall be placed in the trench against the stream side 
wall of the trench.  The cuttings shall be pushed into the streambed 
and the cut ends shall be covered with a thin layer of [sediment] 
[select fill].  Large stone with a nominal diameter of  1 m  3 feet  
shall be placed in the key trench.  The large stone shall rest on the 
ends of the cuttings and anchor them in place.  Armor stone shall be 
placed up the bank from the key stones to the bank crest [and extend  
1.5 m  5 feet  landward of the bank crest].  Each stone shall be placed 
to interlock with down slope stones to form a rock mass the covers 100 
percent of the exposed bank.  The stones shall be placed by [hand] 
[heavy equipment with a placing bucket].  Stones shall not be dumped 
in mass from the top of the bank.  The stones shall be pushed into the 
bank using suitable heavy equipment once the stone is placed.  
[Sediment]  [Select fill] shall be [brushed] [washed] into the voids 
between the rocks as the rocks are placed.

c.  Stone shall be placed in lifts not to exceed  1 m  3 feet  in height.  
The top of the lift shall be within  150 mm  0.5-foot  of the same 
elevation across the surface of the lift [and parallel to the water 
surface of the stream].  A layer of loosely compacted topsoil at least  
150 mm 6 inches  thick shall be placed on the top of the rock lift.  
Live cuttings shall be placed in a criss cross manner with 20 cuttings 
per  1 m  3 linear feet  on top of the topsoil layer with the cut ends 
pushed at least  300 mm  1-foot  into the bank beneath the filter layer 
and with growth tips extending  150 mm  1.5 feet  beyond the face of the 
armor rock.  The cuttings shall be covered with  100 mm  4 inches  of 
moderately compacted topsoil.  The next lift of rock shall be placed 
on top of the compacted top soil and these rocks shall be pushed into 
the topsoil until refusal due to contact with the rocks of the 
underlying lift.  The process of alternating layers of rocks, 
cuttings, and topsoil shall continue to the [design height] [top of 
bank].

d.  The ends of the structure shall be keyed into the stream bank.  Key 
trenches shall be excavated  1.5 m  5 feet  into the stream bank at the 
up stream and down stream ends of the structure.  These trenches shall 
be 1.5 m  5 feet  deep and the faces of these trenches shall be the same 
slope as the face of the prepared bank.  The trenches shall be filled 
with large [stone] [rock] that is pushed into the bottom and sides of 
the trench.  The voids between the [stones] [rocks] shall be filled 
with soil removed from the trench.  The [stone] [rock] shall extend to 
the surface and wrap in a continuous mass into the armor [stone] 

SECTION 31 32 39  Page 68



[rock] on the face of the bank.

3.12.3.4   Longitudinal Live Fascine

**************************************************************************
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 fascines shall be composed of live cuttings and constructed in 
accordance with paragraph "Live Fascines" in PART 3.  [A trench shall be 
excavated at the mean low water level of the stream with a floor that 
slopes at 15 degrees towards the bank.]  [A key trench shall be excavated 
between the fascine trench and the mean low water line.  This trench shall 
be 600 mm  2 feet  deep and  1 m  3 feet  wide.  The face of the key trench 
shall terminate at the lip of the trench for the fascine.  The trench 
shall be filled with [quarry rock] [large natural stone] [rock and brush 
fascines anchored with dead stakes].]  A layer of live cuttings shall be 
placed in the bottom of the fascine trench in a criss cross manner with 
the cut ends of the cuttings in contact with the face of the trench and 
the growth tips extending  150 mm  1.5 feet  beyond the lip of the trench.  A 
minimum of 20 cuttings shall be placed per linear foot.  The cuttings 
shall be covered with a layer of compacted soil.  The fascine shall be 
placed in the trench and anchored in place by live poles.  The poles shall 
be 1.2 m  4 feet  in length and driven  10 mm  2.5 feet  into the bottom of the 
trench through the fascine.  The poles shall be spaced every  1 m  3 feet  
along the length of the fascine.  Backfill shall be placed around the 
fascine to the [grade of the original bank] [design grade].

3.12.3.5   Longitudinal Brush Packing

**************************************************************************
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.

**************************************************************************
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a.  The slope of the bank shall be reduced to [2H:1V] [steps that are  300 
mm 12 inches  high and  600 mm  24 inches  deep from the toe to the crest 
of the bank] [as shown on the drawings].  A key trench shall be 
excavated at the toe of the design slope.  This slope shall be of the 
same grade as the adjacent undamaged stream bank.  The key trench 
shall be  1.2 m  4 feet  wide and  600 mm  2 feet  deep and extend the 
length of the work site.  The trench shall be filled with [large 
natural stone] [quarry rock] that has a nominal diameter of  600 mm  2 
feet  and that is well graded with 100 percent greater than  100 mm  4 
inches .  The [stone] [rock] shall be placed to form a triangular 
topped dike with side slopes of 2H:1V.  The [stone] [rock] shall be 
tamped into place.

b.  A  100 mm  4 inch  layer of [select fill] [removed sediment] shall be 
placed on top of the landward face of the rock dike and compacted.  
The [fill] [sediment] layer shall be covered with erosion control 
fabric composed of [coir netting] [_____].  The fabric shall extend 
from the face of the bank to at least  1.2 m  4 feet  beyond the top of 
the rock dike.  The netting shall be secured to the soil layer with 
[staples] [stones] [stakes].  The fabric shall be free of wrinkles and 
extend the full length of the rock dike.

c.  Live cuttings [with 25 percent dead branches] shall be placed on top 
of the fabric layer in a herringbone pattern.  The cut ends of the 
cuttings shall be pushed into the streambed to refusal.  The cuttings 
shall be placed at a density of 20 cuttings per  300 mm  linear foot  to 
a thickness of  100 mm  4 inches .  The growth tips of the cuttings shall 
extend  150 mm  1.5 feet  beyond the top of the crest of the rock dike 
into the stream channel. [Select fill] [Removed sediment] shall be 
brushed into the voids between the cuttings.  A  100 mm  4 inch  layer of 
[select fill] [removed sediment] shall be placed on top of the 
cuttings and compacted.  The fabric that extends over the rock dike 
[shall be cut and removed] [tightly rolled and anchored at the base of 
the cuttings on top of the rock dike].

d.  The top of the [fill] [sediment] layer placed on top of the first 
layer of cuttings shall be covered with a layer of erosion control 
fabric composed of [coir netting] [_____].  The fabric shall cover the 
top of the lower lift.  At least  1.5 m  5 feet  of fabric shall remain 
above the contact of the lower lift and the slope of the bank.  This 
portion of fabric shall be temporarily staked to the bank slope.  At 
least  2 m  6 feet  of fabric shall extend beyond the top of the design 
slope.  A  300 mm  12 inch  layer of [select fill] [removed sediment] 
shall be placed on top of the fabric and compacted to 90 percent dry 
density.  The ends of the fabric shall be placed on top of the 
compacted material.  The fabric near the face of the bank shall be 
placed on top of the compacted material and pulled free of wrinkles.  
The portion of fabric towards the stream channel shall be placed 
across the face of the compacted material and pulled tight and secured 
to the top of compacted material with staples.  The staples shall be 
installed flush with the top of the lift.

e.  Live cuttings shall be placed on top of the lift of compacted material 
in the same manner as the cuttings on the first lift.  These cuttings 
shall be covered by a  100 mm  4 inch  layer of compacted [select fill] 
[removed sediment].  The process of wrapping lifts of compacted soil 
with erosion control fabric and the placement of layers of cuttings 
shall continue to the [design height of the structure] [top of the 
bank].  The height of the soil lift nearest to the top of the 
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structure shall be adjusted in thickness to meet the design grade.  
The top of the structure shall not be covered with cuttings.  [Live 
stakes shall be placed across the top of the structure on  600 mm  2 feet
 centers for a distance of  2 m  6 feet  landward of the top of the bank 
and for  2 m  6 feet  upstream and down stream of the ends of the 
structure on the original stream bank.]

f.  The structure shall be keyed into the bank on the up stream and down 
stream sides of the structure.  The key trenches shall be  1.2 m  4 feet  
deep.  The lifts of the structure shall be wrapped into the trenches 
and the ends of the lifts shall butt against the face of the key 
trench.

3.12.3.6   Live Crib Wall

**************************************************************************
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 
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 si 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 stream bank shall be reduced to the required slope and design 
grade.  A trench shall be excavated that is  600 mm  2 feet  deep and 
extends parallel to the toe of the slope.  This trench shall extend 
the full length of the work site and shall extend [for a distance of  
4.5 m  15 feet  into the stream channel from the toe of the slope] [in 
the stream channel to the distance and dimensions shown on the 
drawings].  The floor of the trench shall slope at 15 degrees towards 
the bank and shall be [manually compacted using a tamping bar weighing 
at least  18 kg  40 pounds ] [compacted using a small motorized tamping 
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machine] until the bottom of the trench is dense and provides a solid 
base for the crib wall.  The floor of the trench shall be [as shown in 
the drawings] [of uniform grade across the trench width].  The trench 
shall be keyed into the stream bank for a distance of  2 m  6 feet .  
Material removed from the key trenches shall be used as compacted 
backfill in the key trenches.  Sediment excavated from the trench 
shall be [removed from the site and replaced with select fill] [used 
as compacted backfill].  Depressions in the trench floor shall be 
filled with compacted material to raise these areas to design grade 
and areas above grade shall be reduced to the design grade.

b.  The crib wall shall be framed with [untreated straight  300 mm  12-inch  
square by  2.5 m  8 feet  long beams] [ 200 to 300 mm  8 to 12 inch  
diameter by  2.5 m  8 feet  long straight logs harvested from local 
sources.  These logs shall be cut normal to the trunk and the logs 
shall have all branches stripped from the trucks].  The header 
adjacent to the stream shall be placed parallel to the toe of the 
slope at the design alignment of the wall and shall extend the full 
width of the trench.  The header adjacent to the bank shall be placed 
parallel to and  2 m  6 feet  from the stream side header in the 
direction of the bank.  Headers shall be placed end-to-end and in line 
at splices between the members.  Wood posts shall be driven vertically 
into the streambed  150 mm  6 inches  from the splices on both sides of 
the header.

c.  Stretchers shall be  2 m  6 feet  in length.  Each stretcher shall be 
placed normal to the headers and between the vertical poles at the 
splices between the headers.  The stretchers shall be spaced [every  
1.2 m  4 feet ] [mid distance] between the vertical poles and shall 
extend a minimum of  100 mm  4 inches  beyond the outer edge of the 
stream side header face.  The rear butt of the stretcher shall be 
placed on top of the header near the bank and shall [extend  100 mm  4 
inches  beyond the outer face of the header] [be firmly placed against 
the exposed bank].  The stretcher shall be attached to the header with 
binding products wrapped three times in a criss cross pattern and 
secured with a non-raveling knot.  A  13 mm  1/2-inch  diameter hole 
shall be drilled vertically through the stretcher and header.  A  600 mm
 24 inch  long, 16 mm 5/8-inch  diameter [non-galvanized steel spike] 
[steel rebar] [hard wood dowel] shall be driven into the hole and set 
flush to the top of the stretcher.  The open area between the inner 
face of the stream side header and the inner face of the landward 
header shall be backfilled with compacted [sediment removed from the 
trench excavation] [select fill] to the middle of the stretchers.  
Live cuttings  19 to 38 mm  3/4 to 1.5 inches  in diameter shall be 
placed in a criss cross manner on the top of the compacted backfill 
with the cut ends pushed into the backfill near the landward header.  
The growth tips of the cuttings shall extend  600 mm  2 feet  beyond the 
face of the stream side header.  Backfill shall be placed and lightly 
compacted on top of the cuttings to the top of the stretchers.  
Additional headers, stretchers, backfill, and cuttings shall be placed 
until only the final lift remains.  The centerlines of stream side 
headers shall be off set  50 mm  2 inches  towards the bank relative to 
the lower headers to provide an incline to the face of the structure.  
Select fill shall be placed in the area between the face of the 
landward header and the slope of the bank.  The fill shall be placed 
in lifts of the same thickness as the lifts on backfill in the 
interior of the structure.  Each lift shall be compacted to at least 
90 percent dry density.

SECTION 31 32 39  Page 72



d.  The top stream side headers shall be  100 mm  4 inches  larger in 
diameter than the headers used for wall construction.  The vertical 
poles shall be cut flush with the top of the final headers.  A header 
shall be placed at the midpoint between the outer headers and secured 
with binders and [spikes] [rebar] [dowels] to the underlying 
stretchers.  The lift of backfill immediately below the completion 
headers shall be filled with a tightly packed brush mat composed of 
live [and dead] cuttings that are placed in an alternating rectilinear 
grid pattern.  Each layer of brush shall be covered with a thin layer 
of lightly compacted backfill.  [Rounded clean natural stone from  300 
to 600 mm  12 to 24 inches  in diameter]  [Excavated sediment] shall be 
placed from the top of the packed brush to the top of the final 
headers [to the grade shown in the drawings].  [Live stakes shall be 
driven vertically on  600 mm  2 feet  centers into the backfill at the 
top of the structure.]  [Large natural stone armor  600 mm  2 feet  thick 
shall be placed on the banks and against the ends of the structure for 
a distance of  3 m  10 feet  upstream and down stream from the 
structure.  Live stakes shall be planted in the joints between the 
stones.]  The key trenches shall be filled with [large natural stone] 
[quarry rock] to the design grade.

3.13   IRRIGATION

Irrigation of the structure shall be started immediately after installing 
erosion control products and vegetation.  Water shall be applied to 
supplement rainfall at a sufficient rate to ensure moist soil conditions 
to a minimum  300 mm  12-inch  depth.  Run-off and puddling shall be 
prevented.  Watering trucks shall not be driven over turf areas, unless 
otherwise directed.  Watering of other adjacent areas or plant material 
not related to work efforts shall be [prevented] [as specified by the 
Contracting Officer].  Water shall be applied to trenches immediately 
before placement of live vegetation.  Water shall be placed on the 
completed structure at the end of each day, as needed to control dust and 
to prevent excessive drying of vegetation, and at the completion of the 
structure.  [The structure shall be irrigated after installation for 3 
months until the end of the first year growing season.]  [Structures in 
arid climates shall be irrigated for a period of 3 years.]  [Daily 
irrigation of the structure and work site shall not exceed 20 minutes 
[each day] [twice a day] [3 times per week] and shall be sufficient to 
support the survival and growth of planted vegetation.  Irrigation shall 
never exceed limits that could impair the stability of the structure and 
shall be adjusted to compensate for additions or deficits to soil moisture 
caused by precipitation or evaporation.]

3.14   FERTILIZER, PESTICIDE, HERBICIDE

**************************************************************************
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   FIELD QUALITY CONTROL

The work site shall be inspected by the Contracting Officer prior to final 
acceptance of work.  A punch list noting deficiencies shall be compiled by 
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the Contracting Officer and provided to the Contractor.  Perform, repair, 
adjust, align, or otherwise comply with the specified work on the punch 
list to the satisfaction of the Contracting Officer.  Notify the 
Contracting Officer at least 14 days prior to the inspection that work 
shall be ready for inspection.  Work will not be accepted until all punch 
list items are resolved and all work meets or exceeds contract 
requirements.  Final acceptance of work shall not be provided by the 
Contracting Officer until all defects or deficiencies are corrected.  
Final Acceptance shall occur only after all corrective actions and 
supplemental viable plantings are complete and the structure meets 
performance standards and all contract requirements.  Comply with 
necessary repairs to the structure and vegetation as stated in the 
warranty.

3.16   CLEAN-UP

Excess material, debris, and waste materials shall be disposed of offsite 
at an approved landfill or recycling center.  Adjacent paved areas shall 
be cleared.  The site shall be restored to preexisting conditions to the 
extent reasonably possible and to the satisfaction of the Contracting 
Officer.

3.17   PROTECTION

Immediately upon the start of the installation in an area, the area shall 
be protected against traffic or other use by erecting barricades and 
providing signage as required, or as directed.  Signage shall be [in 
accordance with Section 10 14 00.10  EXTERIOR SIGNAGE] [as shown on the 
drawings].  Protect the work site and vegetation from damage and vandalism 
and free of trash and debris until final acceptance by the Contracting 
Officer.

3.18   DOCUMENTATION

Establish and maintain documentation for bioengineering practices to 
record the desired information and to assure compliance with contract 
requirements, including, but not limited to, the following:

3.18.1   Maintenance Records

Visit, inspect, and document site conditions after the completion of 
construction every week for the first year and every two weeks thereafter 
until the end of the second year.  Documentation shall include written 
reports on site structure and vegetation conditions, damage, plant loss, 
and the like, to fully describe site conditions at the time of the visits 
and changes observed since previous visits.  Photographs of the site and 
areas of growth, defects, or damage shall be obtained and included with 
the records.  Records shall be submitted to the Contracting Officer within 
[48] [_____] hours after the completion of the site visit.

3.18.2   Final Project Report

The Final Project Report shall specify and summarize all construction 
activities and problems plus information included in the construction and 
maintenance records as submitted throughout the project.  The report shall 
summarize the work rather than repeat the items in the individual reports.

        -- End of Section --
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