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P U R P O S E: T hi s  t e c h ni c al  n ot e  f e at ur e s  ri v er -b a s e d  r e st or ati o n  pr oj e ct s  t h at  i n c or p or at e  
E n gi n e eri n g wit h N at ur e ®

 ( E W N® ), N at ur al a n d N at ur e B a s e d F e at ur e s ( N N B F) a p pr o a c h e s i n 
t h e Fr o nt R a n g e of C ol or a d o a s p art of a c o m pr e h e n si v e fl o o d r e c o v er y pr o gr a m t o pr ot e ct lif e 
a n d pr o p ert y.  

I N T R O D U C TI O N: I n e arl y S e pt e m b er 2 0 1 3, s e v er al d a ys of r ai n c a us e d s e v er e fl o o di n g a cr oss 
t h e C ol or a d o Fr o nt R a n g e. T h e str e a ms a n d ri v er s t hr o u g h o ut t his r e gi o n r e cl ai m e d fl o o d pl ai ns, 
d estr o y e d r o a ds, bri d g es, b uil di n gs, a n d e xisti n g ri v er b a n k v e g et ati o n ( Fi g ur e 1 ) (C W C B 2 0 1 8). 
T h e fl o o d r es ult e d i n a p pr o xi m at el y $ 4 billi o n i n d a m a g e t o i nfr astr u ct ur e o n b ot h p u bli c a n d 
pri v at e pr o p ert y ( C W C B 2 0 1 8 ). As p art of t h e P h as e I r e c o v er y eff orts, e m er g e n c y r e p airs w er e 
c o m pl et e d b y st at e a n d f e d er al a g e n ci es t h at i n cl u d e d cl e ari n g d e bris fr o m ri v er c h a n n els a n d 
bri d g e s p a n t o r e -o p e n r o a ds a n d hi g h w a ys. H o w e v er, t h e i niti al r e c o v er y eff orts oft e n c a us e d 
a d diti o n al d a m a g e t o ri v er s yst e ms t hr o u g h t h e pl a c e m e nt of st o p -g a p ri pr a p, s h ort -t er m b a n k 
st a bil i z ati o n  a n d  r e m o v al  of  l ar g e  w o o d y  m at eri als,  oft e n  l e a vi n g  i m pr o p er  str e a m  c h a n n el  
ali g n m e nt  a n d  i ns uffi ci e nt  fl o o d  c a p a cit y  a n d  c o n v e y a n c e  ( C W C B  2 0 1 8).  F oll o wi n g  P h as e  I  
e m er g e n c y st a bili z ati o n, st at e, f e d er al, a n d l o c al g o v er n m e nts al o n g wit h pri v at e c o m p a ni es, n o n -
pr ofit or g a ni z ati o ns, a n d c o m mitt e d citi z e ns  c a m e t o g et h er t o d esi g n a n d i m pl e m e nt t h e C ol or a d o 
Fl o o d R e c o v er y Pr o gr a m  ( C F R P). 

 
Fi g ur e 1. D a m a g e fr o m S e pt e m b er 2 0 1 3 fl o o d s.  
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A s p art of P h as e II fl o o d r e c o v er y, t h e C F R P s o u g ht t o t a k e a n e w, m or e h olisti c a p pr o a c h t o 
a d dr ess  h a z ar ds  t o  lif e  a n d  pr o p ert y  a n d  r est or e  t h e  h e alt h  a n d  f u n cti o n  of  str e a m  c orri d ors  
i m p air e d b y t h e dis ast er a n d P h as e I e m er g e n c y st a bili z ati o n r e p airs ( C W C B 2 0 1 8). T h e P h as e II 
Pr o gr a m  us e d  E W N  a n d  tr a diti o n al  e n gi n e eri n g  a p pr o a c h es t o  i n c or p or at e r esili e nt  d esi g ns t o 
assist i n d e v el o pi n g a n d i m pl e m e nti n g h olisti c miti g ati o n str at e gi es t o li mit d a m a g e d uri n g f ut ur e 
fl o od e v e nts.  I nt e gr ati o n of tr a diti o n al e n gi n e eri n g a p pr o a c h es wit h E W N pr o vi d es d esi g ns t h at 
ar e m or e s ust ai n a bl e i n d y n a mi c fl u vi al s yst e ms.  

T h e  C F R P,  m a n a g e d  b y  C ol or a d o  D e p art m e nt  of  N at ur al  R es o ur c es  – C ol or a d o W at er 
C o ns er v ati o n B o ar d  ( C W C B), pr o vi d es v ari o us f u n di n g m e c h a nis ms t hr o u g h f e d er al a n d st at e 
r e c o v er y pr o gr a ms, i n cl u di n g t h e E m er g e n c y  W at ers h e d Pr ot e cti o n  (E W P) Pr o gr a m t hr o u g h t h e 
U S D A N at ur al R es o ur c e s C o ns er v ati o n S er vi c e ( N R C S), C W C B, C ol or a d o S e n at e Bill 1 4 -1 7 9 , 
a n d C o m m u nit y D e v el o p m e nt Bl o c k Gr a nt  (C D B G) - Dis ast er R e c o v er y Gr a nts,  a d mi nist er e d b y 
t h e C ol or a d o D e p art m e nt of L o c al Aff airs ( D O L A) a n d f u n d e d t hr o u g h t h e U S D e p art m e nt of 
H o usi n g a n d Ur b a n D e v el o p m e nt. Of t h e $ 6 8. 3 milli o n i n f u n di n g f or E W P, t h e N R C S c o ntri b ut e d 
7 5 %, C W C B c o ntri b ut e d 1 2. 5 % a n d m a n a g e d t h e pr o gr a m, a n d l o c al p art n ers hi ps i n cl u di n g t h e 
W at ers h e d C o aliti o ns pr o vi d e d 1 2. 5 % as m at c h. F or t h e C D B G Gr a nts, D O L A pr o vi di n g $ 4. 6 
milli o n, a n d  f or  t h e  C ol or a d o  S e n at e  Bill  1 4 -1 7 9  pr oj e cts,  C W C B  pr o vi d e d  $ 2. 5 3  milli o n.  I n 
a d diti o n  t o  t h es e  pr o gr a ms,  n u m er o us  ot h er  p art n ers  pr o vi d e d  w at ers h e d  a n d  fl o o d  r e c o v er y  
s u p p ort a n d d e v el o p e d fl e xi bilit y i n f u n di n g r e q uir e m e nts t o c oll a b or at e wit h t h e C F R P .  

T h e pri m ar y g o als of C F R P w er e t o ( 1) i m pl e m e nt a w at ers h e d -b a s e d fl o o d r e c o v er y a p pr o a c h 
t h at r e d u c e d t h e ris k t o lif e a n d pr o p ert y, ( 2) us e f e d er al a n d st at e f u n ds eff e cti v el y, ( 3) e n h a n c e 
t h e  h e alt h  a n d  r esili e n c y  of  str e a m  c orri d ors  a n d  w at ers h e ds,  ( 4)  b uil d  c a p a cit y  of  w at ers h e d  
c o aliti o ns, a n d ( 5) a d v a n c e a w at ers h e d -b as e d fl o o d r e c o v er y ( C W C B 2 0 1 8).  T h e a p pr o a c h b e g a n 
wit h  t h e  f or m ati o n  of  ei g ht  w at ers h e d  c o aliti o ns,  fi n a n ci al  s u p p ort  of  t w o  e xisti n g  w at ers h e d  
c o aliti o ns,  a n d  t h e  d e v el o p m e nt  of  w at ers h e d -b a s e d  m ast er  pl a ns  wit hi n  t h e  aff e ct e d  r e gi o ns.  
T h es e pl a ns , c o or di n at e d b y t h e w at ers h e d c o aliti o ns, w er e utili z e d t o g ui d e c o m m u niti es t hr o u g h 
pr oj e ct pri oriti z ati o n i n a m a n n er t h at c o nsi d er e d t h e o v er ar c hi n g g o als, w hil e i nt e gr ati n g h a z ar d 
mi ti g ati o n a n d ris k r e d u cti o n str at e gi es i n a h olisti c m a n n er b y w at ers h e d. T h es e m ast er pl a ns w er e 
i n cl usi v e a n d i n v ol v e d di v ers e i nt er ests i n cl u di n g pri v at e l a n d o w n ers a n d r esi d e nts, g o v er n m e nts, 
a n d n o n pr ofit or g a ni z ati o ns ( C W C B 2 0 1 8).  

O n c e c o m pl et e, t h e  w at ers h e d c o aliti o ns i d e ntifi e d t h e hi g h est -pri orit y pr oj e cts wit hi n t h e m ast er 
pl a ns. T h es e pr oj e cts ( or pr oj e ct ar e as) w er e c o nsi d er e d u n d er t h e N R C S E W P P h as e II pr o gr a m. 
T o f urt h er s el e ct pr oj e cts a n d o bt ai n e m er g e n c y f u n ds fr o m t h e N R C S E W P P h as e II pr o gr a m, t h e 
N R C S  D a m a g e  S ur v e y  T e a m  c o m pl et e d  D a m a g e  S ur v e y  R e p orts  ( D S R) . D S R s  d o c u m e nt  
d a m a g e,  esti m at e  tr e at m e nt  m et h o ds  a n d  c osts,  i d e ntif y  ass ets  at  ris k,  n ot e  e n vir o n m e nt al  
c o n c er ns, i d e ntif y pr oj e ct b o u n d ari es, a n d assist i n d et er mi ni n g a b e n efit - cost r ati o of t h e pr o p os e d 
tr e at m e nt  (N R C S  2 0 2 0 ).  Te c h ni c al  t e a ms  t h at  i n cl u d e d  C W C B,  c o aliti o n  r e pr es e nt ati v es , a n d 
s p o ns ors pr o vi d e d  i n p ut  t o  t h e D S R  pr o c ess  i n  d et er mi n i n g pr oj e ct eli gi bilit y. O n c e  t h e  D S R  
pr o c ess w as c o m pl et e d, t h e N R C S s el e ct e d pr oj e ct s b as e d o n pri oriti z e d crit eri a i n cl u di n g f u n di n g, 
u plift p ot e nti al, a g e n c y a n d l o c al s u p p ort, a n d d eri v e d b e n efit. All s el e ct e d pr oj e cts w er e i n cl u d e d 
wit hi n t h e C F R P.  

  

https://cwcb.colorado.gov/
https://cwcb.colorado.gov/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/programs/landscape/ewpp/?cid=nrcs143_008263
https://openstates.org/co/bills/2014A/SB14-179/
https://www.hudexchange.info/programs/cdbg-dr/
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T h o s e  pr oj e ct s  pri oriti z e d  wit hi n  t h e  C F R P  w e nt  t hr o u g h  a  d esi g n -b uil d  pr o c ess  wit h  di v ers e  
d esi g n  a n d  i m pl e m e nt ati o n  t e a ms  t h at  i n cl u d e d  e x p ertis e  i n  p er mitti n g,  e n gi n e eri n g,  fl u vi al  
g e o m or p h ol o g y, fis h eri e s bi ol o g y, e c ol o g y, b ot a n y, et c. T h e  w at ers h e d -b a s e d d esi g n a p pr o a c h is 
t h e g ui di n g pri n ci pl e f or a c c o m m o d ati n g n at ur al g e o m or p hi c pr o c ess es i n r est or ati o n d esi g ns t o 
e n h a n c e l o n g t er m ri v er f u n cti o n ( C W C B 2 0 2 0). T his a p pr o a c h pl a n n e d f or s e di m e nt d e p ositi o n al 
z o n es, mi mi c ki n g n at ur al pr o c ess es, as w ell as i n c or p or at e d n at ur al m at eri als f or b a n k st a bili z ati o n 
a n d fl o o d pl ai n r o u g h n e ss. N at ur al m at eri als c o nsi st e d of sit e -s p e cifi c n ati v e pl a nts i nst all e d a n d 
s e e d e d b y h y dr ol o gi c z o n e, as w ell as i n  sit u m at eri als s u c h as b o ul d ers a n d r o c ks t o assist wit h 
gr a d e c o ntr ol as w ell as pr o vi d e h a bit at a n d r ef u gi a f or a q u ati c or g a nis ms. Als o,  w h er e p ossi bl e, 
pr oj e ct  d esi g n  i n cl u d e d  s p a c e  f or  f ut ur e  c h a n n el  mi gr ati o n  ( C W C B  2 0 2 0).  Fr o m  t h e  o ns et,  
c o n c e pt u al  d esi g ns  w er e  cr e at e d  o n  a n  e ntir e  w at ers h e d  b asis  s o  t h at  p h ysi c al  a n d  e c ol o gi c al  
c o n c er ns w er e a d dr ess e d t hr o u g h o ut t h e d esi g n a n d i m pl e m e nt ati o n pr o c e ss ( C W C B 2 0 2 0). T his 
w at ers h e d d esi g n a p pr o a c h s o u g ht t o a c c o m plis h t h e f oll o wi n g: 

•  Pr o vi d e f or t e m p or ar y w at er st or a g e a n d r e d u c e p e a k fl o o d fl o ws f or a dj a c e nt a n d 
d o w nstr e a m c o m m u niti e s  

•  I m pr o v e a n d pr ot e ct w at er q u alit y 

•  Pr o vi d e di v ers e, d y n a mi c, a n d u plift e d h a bit at c o m pl e xit y t o bi oti c n e e ds f or r esi d e nt s p e ci es 

•  R e d u c e r eli a n c e o n c h a n n eli z ati o n, l e v e es, a n d b a n k ar m ori n g, w hi c h ar e oft e n d etri m e nt al t o 
str e a m h e alt h, e x p e nsi v e t o m ai nt ai n a n d h a v e pr o v e n t o b e pr o n e t o f ail ur e 

•  I n cr e as e r e cr e ati o n al o p p ort u niti es f or wil dlif e vi e wi n g, fis hi n g, h u nti n g, f or a gi n g, a n d 
e n h a n c e m e nt of tr ail s yst e ms 

•  Pr o vi d e n at ur al fir e br e a ks 

•  Pr o vi d e s p a c e f or er osi o n a n d s e di m e nt d e p ositi o n d uri n g fl o o d a n d/ or wil dfir e ( C W C B 
2 0 2 0). 

R e c o g ni zi n g t h e  resili e n c y  a n d  c o -b e n efits  off er e d  b y  E W N , t h e C F R P  c o m bi n e d  E W N  
a p pr o a c h es t hr o u g h t h e i nt e gr ati o n of N N B F a n d st a k e h ol d er e n g a g e m e nt a cr oss t h e pr oj e ct sit es . 
N N B F s ar e l a n ds c a p e f e at ur es t h at ar e us e d t o pr o vi d e m or e s ust ai n a bl e e n gi n e eri n g f u n cti o ns 
r ele v a nt t o fl o o d ris k m a n a g e m e nt, w hil e pr o d u ci n g a d diti o n al e c o n o mi c, e n vir o n m e nt al, a n d/ or 
s o ci al b e n efits ( Bri d g es et al. 2 0 1 5 ). N N B Fs w er e i n c or p or at e d i nt o t h e w at ers h e d -d esi g n a p pr o a c h 
a n d  c o nsist e d  of  ri v eri n e bi o e n gi n e eri n g  t e c h ni q u es,   n at ural  gr a d e  c o ntr ol,  r e m e a n d eri n g,  
fl o o d pl ai n  r e c o n n e cti o n,  o x b o w  r e c o n n e cti o n,  a n d  t h e  us e  of  n ati v e  sit e-s p e cifi c  v e g et ati o n  
t hr o u g h str at e gi c pl a nti n gs a p pli e d b y h y dr ol o gi c z o n e t o i n cr e as e t h e a bilit y of t h e ri p ari a n z o n e 
t o fl e x a n d c o- e v ol v e wit h n at ur al pr o c ess es.   

T H E E W N A P P R O A C H : E W N is a U S Ar m y C or ps of E n gi n e ers i niti ati v e t h at b e g a n i n 2 0 1 0 
t o  hi g hli g ht  e xisti n g  e x a m pl es  of  N N B F  w hil e  a d v a n ci n g  c urr e nt  a n d  f ut ur e  c a p a biliti es.  T h e  
i niti ati v e  s u p p orts  m or e  s ust ai n a bl e  pr a cti c es,  pr oj e cts,  a n d  o ut c o m es  b y  ali g ni n g n at ur al  a n d  
tr a diti o n al e n gi n e eri n g pr o c ess es t o effi ci e ntl y a n d s ust ai n a bl y d eli v er e c o n o mi c, e n vir o n m e nt al , 
a n d s o ci al b e n efits t hr o u g h c oll a b or ati v e pr o c ess es ( Fi g ur e 2 ) (Bri d g es et al. 2 0 1 4 ; G er h ar dt -S mit h 
a n d B a n ks 2 0 1 4).  
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Fi g ur e 2. E W N c or e el e m e nt s . 

T h e E W N i niti ati v e s u p p orts m or e s ust ai n a bl e w at er r es o ur c e pr a cti c es, pr oj e cts, a n d o ut c o m es b y 
p urs ui n g  t h e  i nt e nti o n al  ali g n m e nt  of  n at ur al  a n d  e n gi n e eri n g  pr o c es s es  t o  effi ci e ntl y  a n d  
s ust ai n a bl y  d eli v er  e c o n o mi c,  e n vir o n m e nt al,  a n d  s o ci al  b e n efits  t hr o u g h  c oll a b or ati o n  
(w w w. e n gi n e eri n g wit h n at ur e. or g ). A k e y  as p e ct  of  E W N  is  s ci e n c e -b as e d  c oll a b or ati o n  t o 
or g a ni z e  a n d  f o c us  i nt er ests,  st a k e h ol d ers,  a n d  p art n ers  t o  pr o d u c e  m or e  br o a dl y  a c c e pt a bl e  
pr oj e cts. S p e cifi c all y, t h er e ar e f o ur criti c al el e m e nts t h at d efi n e t h e E W N a p pr o a c h:  
 

Pr o d u ci n g Effi ci e n ci es: Usi n g s ci e n c e a n d e n gi n e eri n g t o pr o d u c e o p er ati o n al 
effi ci e n ci es  

Usi n g N at ur al Pr o c ess es: Usi n g n at ur al p r o c ess es t o m a xi mi z e b e n efit 

Br o a d e ni n g B e n efits: I n cr e asi n g t h e v al u e pr o vi d e d b y pr oj e cts t o i n cl u d e s o ci al, 
e n vir o n m e nt al, a n d e c o n o mi c b e n efits 

Pr o m oti n g c oll a b or ati o n: Usi n g C oll a b or ati v e pr o c ess es t o or g a ni z e, e n g a g e, a n d 
f o c us i nt er ests, st a k e h ol d ers, a n d p art n ers 

http://www.engineeringwithnature.org/
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A P P LI C A TI O N S O F E W N WI T HI N T H E C O L O R A D O F L O O D R E C O V E R Y P R O G R A M:  
Pr es e nt e d h er ei n  ar e e x a m pl es of E W N el e m e nts a n d N N B F t h at w er e i n c or p or at e d i nt o t h e C F R P . 
E a c h of t h es e el e m e nts  d e m o nstr at es t h e a d d e d e c o n o mi c, e n vir o n m e nt al, a n d s o ci al b e n efits t h at 
c a n  b e  a c hi e v e d  fr o m  f or w ar d  t hi n ki n g,  i n n o v ati v e  pl a n ni n g, t h e  i nt e gr ati o n  of  N N B F,  a n d  
c oll a b or ati o n t o m a xi mi z e t h e s u c c ess of fl o o d r e c o v er y pr oj e cts. 

C oll a b or ati o n  a n d  St a k e h ol d er  E n g a g e m e nt . Ess e nti al  t o  C F R P w as  c oll a b or ati o n  a n d  
st a k e h ol d er e n g a g e m e nt ,  i n v ol vi n g  c o m m u ni c ati o n,  st a k e h ol d ers, a n d tr ai ni n g. C o m m u ni c ati o n 
f o c us e d o n t h e d e v el o p m e nt of e x pli cit g o als a n d o bj e cti v es f or r e c o v er y a n d cl e ar c o m m u ni c ati o n 
of t h es e g o als t hr o u g h t h e r e c o v er y pr o c ess. ( C W C B 2 0 2 0). It als o f o c us e d o n t h e cr e ati o n a n d 
e m p o w er m e nt of l o c al gr o u ps, c o aliti o ns, a n d g o v er n m e nts t o w or k c o h e si v el y o n a w at ers h e d 
b asis t hr o u g h str o n g a n d eff e cti v e p art n ers hi ps ( C W C B 2 0 2 0). A c c or di n gl y, w at ers h e d c o aliti o ns 
w er e cr e at e d a n d f u n d e d f or e a c h of t h e fl o o d aff e ct e d w at ers h e ds. T h e p ur p os e of a w at ers h e d  
c o aliti o n is t o pr o m ot e st e w ar ds hi p of iss u es t h at aff e ct w at ers h e d h e alt h a s w ell as s er v e t o assist 
t h e pl a n ni n g, i m pl e m e nt ati o n, a n d m o nit ori n g f or r est or ati o n pr oj e cts o c c urri n g wit hi n a gi v e n 
w at ers h e d ( C W C B 2 0 1 8).  

W at ers h e d c o aliti o ns i m pl e m e nt e d st a k e h ol d er e n g a g e m e nt i n s e v er al w a ys. First, t h e y w or k e d  
c o o p er ati v el y w it h f ed er al a n d st at e a g e n ci es, l o c al m u ni ci p aliti es, v est e d p arti es a n d b usi n ess es, 
a n d l o c al l a n d o w n ers t o cr e at e M ast er a n d R e c o v er y Pl a ns  a n d s el e ct pri oriti z e d pr oj e cts. S e c o n d, 
t h e y f a cilit at e d p u bli c m e eti n gs t o h el p e ns ur e l o c al b u y-i n a n d ali g n m e nt of pri oriti es ( Fi g ur e 3). 
T hir d, t h e y w or k e d dir e ctl y wit h l a n d o w n ers t o a d dr ess q u esti o ns a n d c o n c er ns, k e e p l a n d o w n ers 
a n d v ari o us st a k e h ol d ers i nf or m e d o n pr oj e ct st at u s , a n d o bt ai n pr oj e ct p er missi o ns.  F o urt h, t h e y 
w er e t h e i nt erf a c e b et w e e n t h e w at ers h e d st a k e h ol d ers a n d t h e d esi g n t e a m, t o e ns ur e t h at t h e fi n al 
r est or ati o n  d esi g ns  w er e  i n  ali g n m e nt  wit h  l o c al  l a n d o w n ers  a n d  st a k e h ol d ers.  Fift h,  t hr o u g h  
gr a nts t h e y ar e c o nti n ui n g t o e n g a g e wit h l a n d o w n ers t o m o nit or a n d m ai nt ai n pr oj e ct sit es t o 
e ns ur e l o n g- t er m s u c c ess a n d r esili e n c y. 

 
Fi g ur e 3 . W at er s h e d r e c o v er y pl a n ni n g at 

t h e S ai nt Vr ai n Ri v er i n B o ul d er . 

Fl o o d pl ai n  C o n n e cti vit y . As  t h e  i nt erf a c e  b et w e e n  a  ri v eri n e  s yst e m  a n d  its  s urr o u n di n g  
l a n ds c a p e, fl o o d pl ai ns pl a y a n i nt e gr al r ol e f or t h e m ai nt e n a n c e of ri v eri n e a n d w at ers h e d h e alt h 
( Tr o ut  U nli mit e d  2 0 2 0; O p p er m a n  et  al.  2 0 1 0; I c k es et  al.  2 0 0 5).   Fu n cti o n al  fl o o d pl ai ns  ar e  
d y n a mi c,  a n d  w h e n  pr o p erl y  c o n n e ct e d  t hr o u g h  p eri o di c  i n u n d ati o n,  fl o o d pl ai ns  pr o vi d e  
e c ol o gi c al  s er vi c es  s u c h  as  fl o o d  att e n u ati o n,  di ssi p at e  e n er g y,  h y dr ol o g y,  a n d  h y dr a uli cs  b y  
s er vi n g as r el e as e v al v es  d uri n g hi g h -fl o w fl o o di n g e v e nts. T h e y i m pr o v e a n d s ust ai n pr o visi o n of 



E R D C /T N  E W N -2 2 - 2 
J ul y  2 0 2 2  

 

6  

 
 

 
 

w at er q u alit y, m o d er at e str e a m t e m p er at ur es, s e q u est er c ar b o n, i n cr e as e bi o di v ersit y a n d bi oti c 
pr o d u cti vit y, a n d e n h a n c e wil dlif e h a bit at, f or a g e ( e. g., r ei n vi g or ati o n of f o o d w e bs),  a n d r ef u gi a 
( A m eri c a n Ri v ers 2 0 2 0; O p p er m a n et al. 2 0 1 0 ; I c k es et al. 2 0 0 5). T h er e ar e fi v e k e y c o m p o n e nts 
t o a c o n n e ct e d fl o o d pl ai n: ( 1) l o n git u di n al – li n e ar c o n n e cti vit y al o n g t h e e ntir e l e n gt h of t h e 
ri v eri n e s yst e m; ( 2) l at er al h y dr ol o gi c c o n n e cti vit y b et w e e n t h e ri v er/str e a m a n d t h e fl o o d pl ai n ; 
( 3) v erti c al – h y p or h ei c c o n n e cti vit y fr o m b el o w t h e str e a m b e d a n d its s u p p orti n g a q u af ers t o t h e 
a cti v e c h a n n el t o t h e at m os p h er e; ( 4) v ari a bl e fl o w r e gi m es r a n gi n g fr o m p eri o ds of fl o o di n g/ hi g h 
fl o w t o l o w er fl o w c o n diti o ns; a n d ( 5) s uffi ci e nt s c al e f or k e y pr o c ess es a n d b e n efits t o o c c ur 
( M D N R 2 0 2 0; O p p er m a n et al. 2 0 1 0 ; A F P M 2 0 0 6 ; I c k es et al. 2 0 0 5). T h e i nt er a cti o n b et w e e n 
t h es e fi v e c o m p o n e nts cr e at es c o m pl e x, i nt er d e p e n d e nt pr o c ess es t h at v ar y o v er ti m e.  W hil e t h es e 
c o m p o n e nts  ar e  k n o w n  t o  b e  k e y  t o  a  h e alt h y  a n d  f u n cti o ni n g  fl o o d pl ai n,  fl o o d pl ai ns  ar e  
c o nsi d er e d t o b e o n e of t h e m ost i m p eril e d p orti o ns of ri v eri n e s yst e ms d u e t o t h eir dis c o n n e cti o n 
fr o m  ri v eri n e  s yst e ms.  T his  is  m ost  c o m m o nl y  r ef err e d  t o as “ alt er e d  l at er al  c o n n e cti vit y ” 
( O p p er m a n et al. 2 0 1 0; I c k es et al. 2 0 0 5). 

C e ntr al  t o  t h e C F R P  s u c c ess  wit h  fl o o d pl ai n  c o n n e cti vit y  w as  its  u n d erst a n di n g  t h at  ri v ers,  
str e a ms, a n d w etl a n ds ar e i ntri nsi c all y i nt er c o n n e ct e d s yst e ms ( C W C B 2 0 1 8). Ri v ers a n d  str e a ms 
ar e d y n a mi c s yst e ms t h at n at ur all y m o v e wit hi n a gi v e n ri v eri n e c orri d or, t h er e b y a d a pti n g t hr o u g h 
t h e d e p ositi o n a n d tr a ns p ort  of w at er, d e bris, a n d s e di m e nt  ( C W C B  2 0 2 0; Gi or d a n e n g o et  al.  
2 0 1 6).  U n d erst a n di n g  t h at  fl u vi al  s yst e ms  ar e  i nt er c o n n e ct e d  h y dr ol o gi c all y  a n d  
h y dr o d y n a mi c all y wit h t h eir s u p p orti n g w etl a n ds s er v e d as a c or e t e n a nt f or t h e C F R P ( C W C B 
2 0 1 8).  Wit hi n  t h e  C F R P,  fl o o d pl ai n  c o n n e cti vit y  w as  f a cilit at e d  t hr o u g h  ( 1)  e n c o ur a gi n g  
l o n git u di n al c o n n e cti vit y t hr o u g h riffl e p o ol s e q u e n c es t o dissi p at e str e a m e n er g y; ( 2) pr o m oti n g 
l at er al h y dr ol o gi c c o n n e cti vit y t hr o u g h t h e r e m o v al of fl o o d-d e p osit e d s e di m e nt a n d t h e cr e ati o n 
fl o o d pl ai n b e n c h es a n d o v erfl o w c h a n n els; ( 3) i n c or p or ati n g pr o p er h y dr ol o g y a n d h y dr a uli cs f or 
l o w fl o ws, a n n u al fl o ws, a n d fl o o d e v e nts i nt o c h a n n el d esi g ns; a n d ( 4) r e m o vi n g i n v asi v e s p e ci es 
t h at alt er e d h y dr ol o g y a n d r es ult e d i n bl o c k a g es d uri n g t h e 2 0 1 3 fl o o d e v e nts ( e. g., cr a c k will o w 
[S ali x fr a gilis ]).  

 

 
Usi n g N at u r al P r o c ess es  

T h e c o n c e pt of fl o o d pl ai n c o n n e cti vit y i n h er e ntl y i n c or p or at es n at ur al pr o c ess es. C o n n e ct e d fl o o d pl ai n s, 
o v erfl o w c h a n n els, a n d o x b o ws s er v e t o f urt h er dissi p at e e n er g y  a n d n at ur ali z e h y dr ol o g y a n d h y dr a uli cs, 
i n ess e n c e s er vi n g as r el e a s e v al v es  d uri n g hi g h -fl o w fl o o di ng e v e nts ( W o hl et al. 2 0 1 6 ; Di c k ar d et al. 2 0 1 5 ; 
A F P M 2 0 0 6 ; Si n g h et al. 2 0 0 3 a ; Si n g h et al. 2 0 0 3 b). S u c h e n er g y dissi p ati o n is f urt h er assist e d t hr o u g h 
u n d er st a n di n g fl u vi al g e o m or p h ol o g y pri n ci pl es of r est or ati o n sit es, r e v e g et ati o n a c c or di n g t o h y dr ol o g y, 
a n d i n cr e as e d c h a n n el r o u g h n ess t hr o u g h t h e c orr e ct a p pli c ati o n a n d ori e nt ati o n of l ar g e w o o d y m at eri als 
a n d bi o st a bili z ati o n ( W o hl et al. 2 0 1 6 ; O p p er m a n et al. 2 0 1 0 ; I c k es et al. 2 0 0 5). R e c o g ni zi n g t h e i m p ort a n c e 
of g e o m or p hi c c o m pl e xit y a n d ass o ci at e d  b e n efits o n h y dr ol o g y a n d h y dr a uli cs, f or e a c h of its pr oj e cts, t h e 
C F R P pri oriti z e d t h e r e c o n n e cti o n of fl o o d pl ai n s t o i n cr e as e i n h y dr ol o gi c i nfiltr ati o n a n d r et e nti o n ti m es,  
f a cilit at e fl o o d fl o w st or a g e, s pr e a d a n d e n er g y att e n u ati o n a cr o ss t h e fl o o d pl ai n, a n d t h e r et ur n of ri v eri n e 
c o n n e cti vit y t o its s urr o u n di n g e n vir o n m e nt ( C W C B 2 0 1 8).  
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Str e a m b a n k  Bi o e n gi n e eri n g  A p pli c ati o n s . Str e a m b a n k  bi o e n gi n e eri n g  r eli es  o n  n at ur al  
pr o c ess es  t h at  c o m bi n e  str u ct ur al,  bi ol o gi c al,  a n d  e c ol o gi c al  pri n ci pl es  t o  c o ns tr u ct  li vi n g  
str u ct ur es f or sl o p e st a bili z ati o n, r e d u c e d s oil  er osi o n, r e v e g et ati o n, a n d fl o o d c o ntr ol  ( U S D A  
N R C S  2 0 1 8 ; Gi or d a n e n g o  et  al.  2 0 1 6 ; H o a g  a n d  Fri p p  2 0 0 5 ; E u b a n ks  a n d  M e a d o ws  2 0 0 2).  
Str e a m b a n k bi o e n gi n e eri n g is di vi d e d i nt o t w o g e n er al a p pr o a c h es: pl a nt -b as e d bi o e n gi n e eri n g 
a n d  str u ct ur al -b as e d  bi o e n gi n e eri n g  ( U S D A  N R C S  2 0 1 8 ; Gi or d a n e n g o  et  al.  2 0 1 6).  T h es e  
a p pr o a c h es  ar e  di vi d e d  b as e d  o n  i nt e n d e d  f u n cti o n,  m at eri al  t y p e,  a n d  a bilit y  t o  d y n a mi c all y  
c h a n g e o v er ti m e a n d ar e b ot h e x a m pl es of N N B F ( U S D A  N R C S 2 0 1 8 ; Gi or d a n e n g o et al. 2 0 1 6). 
As t h e n a m e s u g g ests, pl a nt -b as e d bi o e n gi n e eri n g us es ri p ari a n pl a nts t o pr o vi d e l o n g -t er m b a n k 
st a bilit y a n d str e n gt h b y usi n g r o ot s yst e ms t o bi n d s oil p arti cl es a n d i m p art c o h esi o n t o t h e s oil 
a n d r esist a n c e t o er osi o n al l oss ( Gi or d a n e n g o et al. 2 0 1 6). T his t y p e of tr e at m e nt is fl e xi bl e a n d 
d y n a mi c a n d c a n b e us e d o n sit es t h at d o n ot r e q uir e a st ati c b a n k li n e pr ot e cti o n w h er e b a n k 
er osi o n is e x p e ct e d d uri n g hi g h fl o ws ( U S D A N R C S 2 0 1 8; Fri p p et al. 2 0 0 8). E x a m pl es of pl a nt-
b as e d tr e at m e nts i n cl u d e li v e will o w cl u m ps, f as ci n es, br us h tr e n c h es, a n d li v e pl a nt m at eri als.  

Str u ct ur al -b as e d bi o e n gi n e eri n g us es str u ct ur al m at eri als s u c h as n ati v e i n -sit u r o c ks, ri pr a p, l o gs, 
m a n uf a ct ur e d pr o d u cts, or i n ert m at eri al f or c h a n n el st a bili z ati o n ( U S D A N R C S 2 0 1 8). T his t y p e 
of tr e at m e nt is d esi g n e d t o cr e at e q u asi -st ati c b a n ks t h at r e m ai n st a bl e u n d er hi g h v el o cit y w at er 
fl o ws or c o nst a nt i n u n d ati o n. T his tr e at m e nt is us e d o n ri v er c h a n n els a n d b a n k sl o p es t h at ar e 
e x p os e d t o er osi v e f or c es a n d r e q uir e m or e t h a n v e g et ati o n t o pr o vi d e a d e q u at e er osi o n r esist a n c e 
( U S D A N R C S 2 0 1 8).  A d diti o n al e n gi n e eri n g a n d str u ct ur al -b as e d d esi g n a p pr o a c h es ar e r e q uir e d 
t o tr e at er o di n g b a n ks t h at ar e i nt e n d e d t o b e st ati c a n d/ or hi g h-ris k sit es w h er e b a n k m o v e m e nt is 
u n a c c e pt a bl e  ( e. g.,  a dj a c e nt  t o  bri d g es,  hi g h w a ys,  ur b a n  c orri d ors).  Str u ct ur al -b as e d 
bi o e n gi n e eri n g c a n b e c o m bi n e d wit h v e g et ati o n s u c h as will o w or c ott o n w o o d c utti n gs t o i m p art 
gr e at er r esist a n c e t o er osi o n al l oss. E x a m pl es of str u ct ur al -b as e d tr e at m e nt s i n cl u d e s oil c o v er e d 
ri pr a p,  ri pr a p  t o e  a n d  i n sit u  b o ul d er  c o b bl e  t o e  pr ot e cti o n,  v e g et at e d  ri pr a p,  b o ul d ers,  j oi nt  
pl a nti n g, e n gi n e er e d l o g j a ms, r o ot w a d r e v et m e nts, a n d m a n y ot h ers.  

Wit hi n t h e C F R P , str e a m b a n k bi o e n gi n e eri n g pr a cti c es w er e us e d t o i m pr o v e fl o o d r esili e n c y, 
r e d u c e  er osi o n  t hr o u g h  c o m bi n ati o n  of  N N B F  a n d  tr a diti o n al  e n gi n e eri n g  t e c h ni q u es,  a n d  
h olisti c all y r est or e t h e h e a lt h a n d f u n cti o n of w at ers h e ds a n d str e a m c orri d ors w hil e als o pl a n ni n g 
f or a n d i n cr e asi n g r esili e n c y t o w ar d f ut ur e fl o o di n g e v e nts. I n h er e nt i n str e a m b a n k bi o e n gi n e eri n g 
i s t h e us e of pl a nt m at eri als s u c h as c utti n gs, r o ot e d st o c k, tr a ns pl a nt e d st o c k, a n d s e e di n g t o 
st a bili z e s oil a n d r e d u c e er osi o n  ( Gi or d a n e n g o et al. 2 0 1 6; H o a g a n d Fri p p 2 0 0 5 ; E u b a n ks a n d 
M e a d o ws  2 0 0 2);  h o w e v er,  n ot  all  str e a m b a n k  bi o e n gi n e eri n g  i m pl e m e nt e d  wit hi n  t h e  C F R P  
i n cl u d e d pl a nt m at eri als. W h e n s el e cti n g a str u ct ur al v ers us pl a nt-b as e d bi o e n gi n e eri n g v ers us 
tr a diti o n al e n gi n e eri n g tr e at m e nt, t h e C F R P c o nsi d er e d a di v ersit y of tr e at m e nt o pti o ns b as e d o n 
t h e d esir e d o ut c o m es. E a c h tr e at m e nt w as c o nsi d er e d i n t h e c o nt e xt of t h e e ntir e fl o o d pl ai n r at h er 
t h a n  b as e d  o n  i n di vi d u al  tr e at m e nts.  B e c a us e  str e a m b a n k  bi o e n gi n e eri n g  tr e at m e nts  ar e  n ot  
d esi g n e d t o wit hst a n d t h e s a m e m a g nit u d e d esi g n c o n diti o ns as tr a diti o n al e n gi n e eri n g tr e at m e nts, 
t h e  str e a m b a n k  bi o e n gi n e eri n g  tr e at m e nts  w er e  c o nsi d er e d  o n  a  c as e- b y-c as e  b asis.  If  gr e at er  
st a bi lit y w as r e q uir e d, t h e n a tr a diti o n al tr e at m e nt w as r eli e d u p o n. Bi o e n gi n e eri n g tr e at m e nts 
w er e a p pli e d w h er e t h er e w as a hi g h pr o b a bilit y of pr o vi di n g t h e d esir e d f u n cti o n f or t h e s yst e m.  
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F or e x a m pl e, i n ar e as wit h l o w er osi v e f or c es t h at di d n ot r e q ui r e ass et pr ot e cti o n, a pl a nt-b as e d 
tr e at m e nt w as c o nsi d er e d; i n ar e as t h at r e q uir e m o d er at e b a n k st a bilit y,  a n d a st ati c b a n k is r e q uir e d 
f or  ass et  pr ot e cti o n, a  str u ct ur al -b as e d  tr e at m e nt  w as  c o nsi d er e d;  a n d  i n  ar e as  t h at  r e q uir e  
s u bst a nti al  ass et  pr ot e ct i o n  s u c h  as  pr ot e cti o n  of  h o us es  or  bri d g es,  tr a diti o n al  e n gi n e eri n g  
t e c h ni q u es  w er e  c o nsi d er e d.  A  t a bl e  i d e ntif yi n g  str e a m b a n k  e n gi n e eri n g  t e c h ni q u es  a p pli e d  
t hr o u g h o ut t h e C F R P a n d its ass o ci at e d a p pli c ati o ns c a n b e f o u n d i n T a bl e 1. T h e str e a m b a n k 
e n gi n e eri n g  t e c h ni q u es  a p pli e d  wit hi n  t h e  C F R P  ali g n  wit h  t h e  E W N  el e m e nts  b y  pr o d u ci n g  
effi ci e n ci es, usi n g n at ur al pr o c ess es, br o a d e ni n g b e n efit, a n d pr o m oti n g c oll a b or ati o n.  

 

 
 
 
 
 
 
 
 
 
 

 
P r o d u ci n g Effi ci e n ci e s  

Li vi n g  ( bi oti c)  a n d  n o n -li vi n g  ( a bi oti c)  m at eri al  f o u n d  o n  sit e  c a n  b e  u s e d  t o  c o n str u ct  str e a m b a n k  
bi o e n gi n e eri n g t e c h ni q u es . T h e i m m e di at e pr o xi mit y a n d a v ail a bilit y of t h es e r es o ur c es r e d u c e s ti m e a n d 
ass o ci at e d c o st of c o n str u cti o n  b y n ot h a vi n g t o m o v e m at eri als t o or fr o m t h e pr oj e ct sit e.  I n a d diti o n, 
a c c ess t o h a ul m at eri als i nt o a sit e is li mit e d ; t h er ef or e, u si n g i n  sit u m at eri als is n ot o nl y c ost eff e cti v e b ut 
als o is m or e pr a cti c al.  Wit hi n t h e C F R P, fl o o d -d a m a g e d c ott o n w o o d s a n d c o nif er s w er e u s e d t o c o n str u ct 
r o ot w a d r e v et m e nts. I n a dditi o n, w h er e v er p o ssi bl e, e xisti n g n at ur al r o c k s a n d gr a v els w er e u s e d f or gr a d e 
c o ntr ol, b a n k st a bili z ati o n, p o ol cr e ati o n, a n d b o ul d er -c o b bl e t o e f e at ur es t hr o u g h o ut t h e sit e.  
 

 
Usi n g N at u r al P r o c ess es  

Str e a m b a n k bi o e n gi n e eri n g  i n c or p or at es li vi n g m at eri als i n h er e ntl y u s es n at ur al pr o c ess es t o st a bili z e 
b a n k s a n d i n cr e as e er o si o n al r esist a n c e. R o ots of t h e li vi n g m at eri als bi n d t h e s oil m atri x t hr o u g h c o h esi o n 
w hil e als o pr o vi di n g h a bit at f or i n s e cts, mi cr o b es, a n d a ni m als ( Gi or d a n e n g o et al. 2 0 1 6).  V e g et ati o n wit h 
d e n s e, fi br o u s r o ot s y st e m s r ei nf or c e t h e s oil m atri x t hr o u g h t h e tr a n sf er e n c e of s h e ar str ess wit hi n t h e 
s oil t o t e n sil e str e n gt h i n h er e nt wit hi n t h e r o ot str u ct ur e ( Gi or d a n e n g o et al. 2 0 1 6 ; Si m o n et al. 2 0 0 6). 
A b o v e -gr o u n d v e g et ati o n als o ar m or s a n d st a bili z es t h e s oil s urf a c e, r e d u c es er o si o n t hr o u g h c a n o p y 
i nt er c e pti o n, a n d pr o vi d es s urf a c e r o u g h n ess t o r e d u c e o v er all s h e ar str ess a cr o ss a sit e (Gi or d a n e n g o et 
al. 2 0 1 6 ). T h e C W R P i n c or p or at e d ri p ari a n v e g et ati o n wit h d e n s e, fi br o u s r o ot s y st e m s i nt o e a c h pr oj e ct 
t o st a bili z e b a n k s a n d i n cr e as e er o si o n al r esist a n c e a cr o ss t h e sit e. 
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T a bl e 1. Str e a m b a n k bi o e n gi n e eri n g t e c h ni q u e s a n d t h eir a s s o ci at e d a p pli c ati o n s i n c or p or at e d i n t h e C F R P . 

T e c h ni q u e s I m pl e m e nt e d t h r o u g h o ut 
C ol o r a d o P r o g r a m  

Bi o e n gi n e e ri n g 
T y p e  

B e n efit s ( *) a n d A p pli c ati o n s ( +)  Pr oj e ct s I m pl e m e nt e d  

Br u s h Tr e n c h  

 

Pl a nt -b a s e d 
bi o e n gi n e eri n g  

•  C a pt ur e s s e di m e nt a n d fl o o d 
d e bri s d uri n g fl o o d c o n diti o n s ( *, +)  

•  Filt er s r u n off b ef or e e nt eri n g t h e 
str e a m ( *, +)  

•  E n h a n c e s c o n diti o n s f or 
c ol o ni z ati o n of n ati v e v e g et ati o n ( *)  

•  R e st or e s ri p ari a n v e g et ati o n a n d 
str e a m si d e h a bit at r a pi dl y ( *, +)  

•  Pr o vi d e s bi ol o gi c al h a bit at ( *)  

•  Eff e cti v e o n fl o o d pl ai n b e n c h e s of 
all s c al e s ( +)  

Str e a m cr e st a n d R a n c h  

N ort h F or k of t h e Bi g 
T h o m p s o n  

S S V 3  

B i g T h o m p s o n Pr oj e ct s 

St a g e c o a c h  

 

V e g et at e d S oil Lift s/ S oil Wr a p s  

 

Pl a nt -b a s e d 
bi o e n gi n e eri n g  

•  Ai d s i n n at ur al r e g e n er ati o n 
c ol o ni z ati o n ( *)  

•  Pr o vi d e s i m m e di at e pr ot e cti v e 
c o v er f or t h e b a n k ( *, +)  

•  Pr o vi d e s r a pi d r e e st a bli s h m e nt of 

ri p ari a n v e g et ati o n ( *) 

•  R e d u c e s s urf a c e er o si o n ( *, +)  

•  R e d u c e s t o e er o si o n ( *, +)  

•  D e cr e a s e s fl o w v el o citi e s a n d 
s h e ar str e s s e s al o n g t h e b a n k 
d uri n g hi g h w at er st a g e s ( *, +)  

•  U s e d w h er e t h e b a n k c a n n ot b e r e -
gr a d e d t o a s h all o w er sl o p e ( +)  

Bi eli n s H o c k  

M o o di e  

https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df672745040b64727f92a82/1576432255411/EWP-039+Streamcrest+Pond+BnA+Full+Spread.jpg
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdf
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdf
https://indd.adobe.com/view/f92858aa-14b1-4593-9bcd-251dd8cd521e
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df6738c5040b64727f949f3/1576432531007/EWP-065+Stagecoach+BnA+Full+Spread.jpg
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5defb0c1c4c5ef23017b2cb9/1575989449530/SuccessStory_Bielins-Hock_fin+%281%29.pdfhttps:/static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5defb0c1c4c5ef23017b2cb9/1575989449530/SuccessStory_Bielins-Hock_fin+%281%29.pdf
https://indd.adobe.com/view/f92858aa-14b1-4593-9bcd-251dd8cd521e
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V e g et at e d Ri pr a p/ J oi nt Pl a nti n g  

 

C o m bi n ati o n of 

pl a nt -b a s e d a n d 
str u ct ur al 
bi o e n gi n e eri n g  

•  Ai d s i n n at ur al r e g e n er ati o n 
c ol o ni z ati o n ( *)  

•  Mi ni m al sit e di st ur b a n c e ( *, +)  

•  Pr ot e ct s b a n k s fr o m s h all o w sli d e s 
a n d st a bili z e s b a n k s ( *, +)  

•  Di s si p at e s fl o w e n er g y a n d tr a p s 
s e di m e nt  ( *, +) 

•  Br a n c h e s a d d t e n sil e str e n gt h t o 
b a n k ( +)  

•  C o m bi n ati o n of b o ul d er c o b bl e t o e 
wit h j oi nt pl a nti n g s pr o vi d e s a d d e d 
t e n sil e str e n gt h a n d t o e pr ot e cti o n. 

( +) 

•  B o ul d er c o b bl e t o e st a bili z e s t o e of 
b a n k pr o vi di n g pr ot e cti o n w hil e 

v e g et ati o n st a bili z e s mi d a n d u p p er 
( *, +)  

•  J oi nt pl a nti n g s d efl e ct o v er b a n k 

hi g h fl o w s w h e n pl a nt e d cl o s e 
t o g et h er ( *, +) 

S o ut h St. Vr ai n Pr oj e ct s  

C o al Cr e e k Pr oj e ct s  

Bi g T h o m p s o n Pr oj e ct s  

F o ur Mil e Pr oj e ct s  

L eft H a n d Cr e e k 

Pr oj e ct s  

 

Li v e P o st/ St a k e a n d R o ot e d St o c k  

 

Pl a nt -b a s e d 

bi o e n gi n e eri n g  
•  Br a n c h e s a d d t e n sil e str e n gt h t o 

mi d a n d u p p er b a n k s ( *, +)  

•  D efl e ct s str o n g or hi g h fl o w s w h e n 
pl a nt e d cl o s e t o g et h er ( *, +)  

•  Ai d s i n n at ur al r e g e n er ati o n 
c ol o ni z ati o n ( *)  

•  R e d u c e s wi n d a n d w at er v el o citi e s 

hitti n g mi d a n d u p p er b a n k s ( *, +)  

•  R o ot s st a bili z e mi d a n d u p p er 
b a n k s ( *)  

All Pr oj e ct s  

https://indd.adobe.com/view/2f8a052e-fcb8-4714-960e-f86fa5a3df71
https://indd.adobe.com/view/6f179426-590b-4ce2-bb82-f8cb4459eb86https:/indd.adobe.com/view/6f179426-590b-4ce2-bb82-f8cb4459eb86
https://indd.adobe.com/view/f92858aa-14b1-4593-9bcd-251dd8cd521e
https://indd.adobe.com/view/3c7438ae-e178-445d-9fd9-7439cafc7111https:/indd.adobe.com/view/3c7438ae-e178-445d-9fd9-7439cafc7111
https://indd.adobe.com/view/2ac21a22-4c00-45b7-8a29-14c4e8a6236b
https://indd.adobe.com/view/2ac21a22-4c00-45b7-8a29-14c4e8a6236b
https://www.coloradoewp.com/projects
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F a s ci n e s  

 

 

Pl a nt -b a s e d 
bi o e n gi n e eri n g  

•  St a bili z e s t o e of b a n k 
pr o vi di n g pr ot e cti o n t o w etl a n d 
a n d ri p ari a n v e g et ati v e 
pl a nti n g s ( *, +)  

•  Ai d s i n n at ur al r e g e n er ati o n 
c ol o ni z ati o n ( *)  

•  R o ot s st a bili z e mi d a n d u p p er 
b a n k s ( *)  

•  C o ul d b e p air e d wit h a ri pr a p 
or b o ul d er c o b bl e t o e t o 
pr o vi d e t o e st a bili z ati o n ( +)  

•  Pr o vi d e b ot h er o si o n c o ntr ol 
a n d str u ct ur al f u n cti o n s, b ot h 
i n di vi d u all y a n d a s 

c o n stit u e nt s of m or e c o m pl e x 
tr e at m e nt s ( +) 

•  Di s si p at e s fl o w e n er g y a n d 

tr a p s s e di m e nt ( *, +) 

•  R e d u c e s t o e er o si o n w h e n 
p air e d wit h ri pr a p or b o ul d er 
c o b bl e t o e pr ot e cti o n ( *, +)  

•  M ai nt ai n s a n at ur al b a n k 
a p p e ar a n c e ( *)  

•  Pr ot e ct s b a n k s fr o m s h all o w 
sli d e s ( *, +)  

Fi s h Cr e e k  

N ort h F or k of t h e Bi g 

T h o m p s o n  

H all R a n c h  

B o ul d er or ri pr a p t o e wit h L ar g e w o o d y 

d e bri s/ m at eri al/ R o ot W a d R e v et m e nt  

C o m bi n ati o n of 
pl a nt -b a s e d a n d 
str u ct ur al 
bi o e n gi n e eri n g  

•  St a bili z e s t o e of b a n k 
pr o vi di n g pr ot e cti o n t o w etl a n d 
a n d ri p ari a n v e g et ati v e 
pl a nti n g s ( *, +)  

•  Ai d s i n n at ur al r e g e n er ati o n 
c ol o ni z ati o n ( *)  

•  A p pr o pri at e a b o v e a n d b el o w 
O H W/ b a n kf ull ( +)  

•  Filt er b arri er t o pr e v e nt er o si o n 
a n d s c o uri n g of t h e b a n k ( *, +)  

L eft H a n d Cr e e k 

Pr oj e ct s  

S o ut h St. Vr ai n Pr oj e ct s  

Mi d dl e S o ut h Pl att e  

Br e a c h e s  

Littl e T h o m p s o n 

Pr oj e ct s  

https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5dea8c928f9c311c814a7fea/1575652505805/SuccessStory_MidUpFishCk_fin.pdf
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdfhttps:/static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdf
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdfhttps:/static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdf
https://indd.adobe.com/view/2ac21a22-4c00-45b7-8a29-14c4e8a6236b
https://indd.adobe.com/view/2ac21a22-4c00-45b7-8a29-14c4e8a6236b
https://indd.adobe.com/view/2f8a052e-fcb8-4714-960e-f86fa5a3df71
https://www.coloradoewp.com/s/SuccessStories_StateHwy60_fin-1.pdf
https://indd.adobe.com/view/5bbc72e7-4f52-437a-a22e-3cea0a7c4341
https://indd.adobe.com/view/5bbc72e7-4f52-437a-a22e-3cea0a7c4341
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.  

•  M ai nt ai n s a n at ur al b a n k 
a p p e ar a n c e ( *)  

•  I n c o m bi n ati o n wit h v e g et ati v e 
pl a nti n g s, pr o vi d e s r a pi d 
r e e st a bli s h m e nt of ri p ari a n 
v e g et ati o n ( +)  

•  R e d u c e s er o si o n t o t o e of t h e 
b a n k ( *)  

•  Di s si p at e s fl o w e n er g y a n d 
tr a p s s e di m e nt ( *, +) 

•  Will o w c utti n g s c a n b e u s e d t o 
a d d t e n sil e str e n gt h t o b a n k 
( +) 

•  Pr o vi d e s a q u ati c h a bit at ( *)  

B o ul d er -c o b bl e t o e  

 

Str u ct ur al -b a s e d 
bi o e n gi n e eri n g 
t h at c o ul d b e 
p air e d wit h a 
pl a nt -b a s e d 
bi o e n gi n e eri n g 
tr e at m e nt. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

•  St a bili z e s t o e of b a n k 
pr o vi di n g pr ot e cti o n t o mi d dl e a n d 
u p p er b a n k v e g et ati v e pl a nti n g s ( *, 
+)  
•  St a bili z e s b a n k s o n hi g h ri s k 
sit e s w h er e b a n k m o v e m e nt i s 
u n a c c e pt a bl e ( *, +)  
•  A p pr o pri at e b el o w 

O H W/ b a n kf ull ( +)  

•  R e d u c e s er o si o n t o t o e of t h e 
b a n k ( *)  

•  Will o w c utti n g s c a n b e u s e d t o 
a d d t e n sil e str e n gt h t o b a n k ( +)  

•  Tr a p s s e di m e nt ( *, +)  

Str e a m cr e st a n d R a n c h  

N ort h F or k of t h e Bi g 
T h o m p s o n  

S S V 3  

Bi g T h o m p s o n Pr oj e ct s  

L eft H a n d Cr e e k 

Pr oj e ct s  

 

https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df672745040b64727f92a82/1576432255411/EWP-039+Streamcrest+Pond+BnA+Full+Spread.jpg
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdf
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdf
https://indd.adobe.com/view/f92858aa-14b1-4593-9bcd-251dd8cd521e
https://indd.adobe.com/view/2ac21a22-4c00-45b7-8a29-14c4e8a6236b
https://indd.adobe.com/view/2ac21a22-4c00-45b7-8a29-14c4e8a6236b
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N at ur al gr a d e c o ntr ol  

 

Str u ct ur al -b a s e d 
bi o e n gi n e eri n g  

•  St a bili z e s t o e of b a n k 
pr o vi di n g pr ot e cti o n t o mi d dl e 
a n d u p p er b a n k v e g et ati v e 
pl a nti n g s ( *, +)  

•  St a bili z e s b a n k s o n hi g h ri s k 
sit e s w h er e b a n k m o v e m e nt i s 
u n a c c e pt a bl e ( *, +)  

•  A p pr o pri at e b el o w 
O H W/ b a n kf ull ( +)  

•  Will o w c utti n g s a n d f a s ci n e s 
c a n b e u s e d t o a d d t e n sil e 
str e n gt h t o b a n k ( +)  

•  Ai d s i n n at ur al r e g e n er ati o n 
c ol o ni z ati o n ( *)  

•  Eff e cti v e i n st e e p r o c k y 
c a n y o n s ( +)  

•  C a n b e d e si g n e d t o r e c o n n e ct 

fl o o d pl ai n s ( +) 

Bi g T h o m p s o n Pr oj e ct s  

N ort h F or k of t h e Bi g 

T h o m p s o n  

 

 

 

https://indd.adobe.com/view/f92858aa-14b1-4593-9bcd-251dd8cd521e
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdfhttps:/static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdf
https://static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdfhttps:/static1.squarespace.com/static/5de58420dca85a1b7550b9ef/t/5df2d19604b7db043c76050a/1576194464218/SuccessStory_NorthForkBigT_fin+%281%29.pdf
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P R O G R A M O U T C O M E S A N D P R E P A RI N G F O R T H E N E X T F L O O D : T h er e ar e s e v er al 
e n d uri n g o ut c o m es of t h e C F R P. Aft er 5 y e ars, t h e C F R P s u c c essf ull y i m pl e m e nt e d 1 1 7 fl o o d 
miti g ati o n a n d r est or ati o n pr oj e cts i n cl u di n g 6 5 mil es of ri v er a n d fl o o d pl ai n i m pr o v e m e nts o v er 
ni n e w at ers h e ds i n t h e Fr o nt R a n g e of C ol or a d o ( C W C B 2 0 1 8). T h es e r est or ati o n pr oj e cts h a v e 
dir e ctl y pr o vi d e d e c os yst e m s er vi c es t o l o c al c o m m u niti es i n cl u di n g i m pr o v e d e c ol o g y, h e alt h, 
s af et y, r e cr e ati o n, q u alit y of lif e, pr ot e cti o n of h o m es, fl o o d pr ot e cti o n, a n d h a z ar d r e d u cti o n.  

 

R e st or ati o n M atri x . A s e c o n d o ut c o m e of t h e C F R P is t h e d e v el o p m e nt of a n i nt er a cti v e ri v er 
r est or ati o n m atri x t h at w as d e v el o p e d t o h el p i nf or m pr oj e ct d esi g n ers a n d i m pl e m e nt ors o n p ast a n d 
f ut ur e  ri v er  r est or ati o n  w or k  t hr o u g h o ut  C ol or a d o.  T h e  i nt er a ctiv e r est or ati o n  m atri x  assist e d  
d esi g n ers  i n  eff e cti v el y  s el e cti n g  a p pr o pri at e  pl a nt  m at eri als  f or  us e  i n  r e v e g et ati o n  a n d  
bi o e n gi n e eri n g str u ct ur es b as e d o n k e y c h ar a ct eristi cs f or a p pr o xi m at el y 2 8 0 e c ot y pi c pl a nt s p e ci es.  

 

W hil e t h e  m atri x w as d esi g n e d f or us e  i n t h e  C F R P , t h e m atri x  is p u bli cl y a v ail a bl e t hr o u g h  
C W C B  a n d c a n b e us e d t o g ui d e r est or ati o n a n d st a bili z ati o n pr oj e cts t hr o u g h o ut  t h e st at e of 
C ol or a d o. ( htt ps:// w w w. c ol or a d o e w p. c o m/ d esi g n- a n d- p er mitti n g ).  

C ol or a d o  Di s a st er  R e c o v er y  L e s s o n s  L e ar n e d . A  t hir d  o ut c o m e  of  t h e  C F R P  w as  t h e  
d e v el o p m e nt of a C ol or a d o Dis ast er R e c o v er y L es s o ns L e ar n e d  g ui d a n c e d o c u m e nt. As wit h ot h er 
l ar g e a n d i n n o v ati v e pr o gr a ms, t h er e w er e l ess o ns t h at w er e l e ar n e d t hr o u g h o ut t h e pr o c ess. Usi n g 

 
B r o a d e ni n g B e n efi ts 

T h e C F R P 6 5 mil es of r est or e d ri v er a n d fl o o d pl ai n pr o vi d e d a r a n g e of e n vir o n m e nt al, s o ci al, a n d e c o n o mi c 
b e n efits t o C ol or a d o i n cl u di n g  t h e f oll o wi n g: 

•  Fl o o d pr ot e cti o n a n d i n cr e as e d r esili e n c y t o f ut ur e fl o o d e v e nts  

•  S e di m e nt r e d u cti o n a n d w at er q u alit y i m pr o v e m e nts  

•  C o m m u nit y e n g a g e m e nt a n d a w ar e n ess s urr o u n di n g w at ers h e d -s c al e pl a n ni n g a n d m a n a g e m e nt  

•  R e cr e ati o n al o p p ort u niti es f or wil dlif e vi e wi n g, fis hi n g, h u nti n g, a n d f or a gi n g  

•  A est h eti c a n d s pirit u al e nj o y m e nt . 

https://www.coloradoewp.com/design-and-permitting
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i n p ut  fr o m  pr oj e ct  s p o n s ors,  d esi g n  t e a ms,  a n d  a  s eri es  of  i n-p ers o n  i nt er vi e ws,  t h e  St at e  of  
C ol or a d o d e v el o p e d a L ess o ns L e ar n e d g ui d a n c e d o c u m e nt  to pr o vi d e fl o o d r e c o v er y m a n a g ers 
wit h  g ui di n g  pri n ci pl es  a n d  a cti o ns  t o  a c hi e v e  t h e  b est  p ossi bl e  o ut c o m es  f oll o wi n g  dis ast er  
e v e nts. T h e d o c u m e nt i ntr o d u c es fl o o d r e c o v er y m a n a g ers t o a s eri es of e n vir o n m e nt al, s o ci al, a n d 
e c o n o mi c c o nsi d er ati o ns f oll o wi n g a dis ast er a n d f o c us es o n r e c o m m e n d ati o ns  f or t h e f oll o wi n g: 
( 1) i m pr o v e m e nt of e xisti n g st at e a n d f e d er al dis a st er r es p o ns es; ( 2) Dis ast er R e c o v e r y A cti o ns; 
a n d ( 3) Pr e -Dis ast er A cti o ns.  

C ol or a d o H a z ar d M a p pi n g Pr o gr a m . A  f o urt h o ut c o m e of t h e C F R P w as t h e d e v el o p m e nt of 
t h e  C ol or a d o  H a z ar d  M a p pi n g  Pr o gr a m, w hi c h  w as  c o m p os e d  of  t h e  Fl o o d  H a z ar d  M a p pi n g  
Pr o gr a m a n d D e bris Fl o w M a p pi n g Pr o gr a m f or t h e St at e of C ol or a d o ( C W C B 2 0 1 8). F oll o wi n g 
t h e 2 0 1 3 fl o o ds, it w as e vi d e nt t h at ar e as t hr o u g h o ut C ol or a d o w er e n ot a p pr o pri at el y m a p p e d as 
h a z ar d ar e as a n d c o ul d b e s u bj e ct t o f ut ur e fl o o d e v e nts. T h at is b e c a us e , tr a diti o n all y, er osi o n, 
s e di m e nt ati o n, c ha n n el e v ulsi o n, d e bris a n d m u d fl o ws h a v e n ot b e e n i n c or p or at e d i nt o fl o o d pl ai n 
m a p pi n g. T h er ef or e, as a n offs et of t h e C F R P, C W C B d e v el o p e d fl u vi al h a z ar d z o n e ( F H Z) a n d a 
d e bris fl o w ( D F) m a p pi n g pr o gr a ms t h at f o c us e d o n t h e i d e ntifi c ati o n a n d m a p pi n g of  F H Zs a n d 
D Fs t o b ett er u n d erst a n d t h e e ntir et y of h a z ar ds ass o ci at e d wit h fl o o di n g a n d r ai n e v e nts ( C W C B  
2 0 1 8;  D O L A 2 0 1 8). T h e F H Z is br o a dl y d efi n e d as t h e ar e as a str e a m h as o c c u pi e d i n r e c e nt hist or y, 
c o ul d o c c u p y, or c o ul d p h ysi c all y i nfl u e n c e as it st or es a n d tr a ns p orts s e di m e nts a n d d e bris d uri n g 
fl o o d e v e nts (J a gt et al. 2 0 1 6). T h e D F pr o gr a m ai ms t o m a p t h os e ar e as s us c e pti bl e t o d e bris fl o ws 
as w ell as i d e ntif y t h e ar e a t h at m a y b e i n u n d at e d wit h d e bris f oll o wi n g l ar g e fl o o di n g e v e nts. T h e 
o bj e cti v e of t h es e pr o gr a ms is t o i d e ntif y l a n ds m ost v ul n er a bl e t o fl u vi al a n d d e bris fl o w h a z ar ds i n 
t h e n e ar t er m a n d all o w st at e a n d l o c al g o v er n m e nt a g e n ci es t o d e v el o p pr o gr a ms a n d r e g ul ati o ns 
t h at li mit i n v est m e nts a n d a v oi d d e v el o p m e nt wit hi n m a p p e d h a z ard z o n es (J a gt et al. 2 0 1 6).  

S U M M A R Y:  T his d o c u m e nt s u m m ari z es C ol or a d o Fl o o d R e c o v er y Pr oj e cts , w hi c h s u c c essf ull y 
a p pli e d E W N pri n ci pl es f or fl o o d r e c o v er y f oll o wi n g a d e v ast ati n g fl o o d i n 2 0 1 3. Pri n ci pl es us e d 
t hr o u g h o ut  t h e  pr o gr a m  i n cl u d e st a k e h ol d er  e n g a g e m e nt  t o  d e v el o p  l o c al  b u y-i n; f o c us  o n  
fl o o d pl ai n c o n n e cti vit y t o n at ur all y dissi p at e fl o o d fl o w e n er g y, i n cr e as e r et e nti o n a n d i nfiltr ati o n 
ti m es,  a n d  r et ur n  c o n n e cti vit y  t o  i m p a ct e d  ri v er  s yst e ms; a n d  str e a m b a n k  bi o e n gi n e eri n g  
t e c h ni q u es t o us e n at ur al m at eri als t o i n cr e as e s e di m e nt st a bilit y a n d r e d u ci n g er osi o n p ot e nti al 
t hr o u g h  c o h esi o n,  n at ur al  ar m ori n g  b y  bi ot a,  a n d  s urf a c e  pr ot e cti o n.  T his  l ar g e-s c al e  fl o o d  
r e c o v er y pr o gr a m d e m o n str at es t h at s ust ai n a bl e pr a cti c es a n d o ut c o m es c a n b e a c hi e v e d i n fl o o d 
r e c o v er y w h e n t h e g o als i nt e nti o nall y ali g n n at ur al a n d e n gi n e eri n g pr o c e ss es t o effi ci e ntl y a n d 
s ust ai n a bl y d eli v er e c o n o mi c, e n vir o n m e nt al, a n d s o ci al b e n efits t hr o u g h c oll a b or ati v e pr o c ess es. 
Ot h er st at es a n d a g e n ci e s s h o ul d c o nsi d er br o a d e ni n g fl o o d r e c o v er y t o i n cl u d e E W N p ri n ci pl e s 
( or e l e m e nts) a n d m or e eff e cti v el y m a n a g e t h e n ati o n’s w at er w a ys.   

A C K N O W L E D G E M E N T S : A c k n o wl e d g e m e nt  a n d  a p pr e ci ati o n  is  e x pr ess e d  t o  t h os e  w h o  
c o ntri b ut e d t o t h e fl o o d r e c o v er y eff orts u n d er t h e C ol or a d o Fl o o d R e c o v er y Pr o gr a m i n cl u di n g 
C W C B, D O L A, N R C S, C ol or a d o D e p art m e nt of Tr a ns p ort ati o n, R esili e nt W at ers h e d  P art n ers, T h e 
Bi g T h o m ps o n W at ers h e d C o aliti o n, t h e Est es V all e y W at ers h e d C o aliti o n, t h e Littl e T h o m ps o n 
W at ers h e d C o aliti o n, S ai nt V r ai n Cr e e k C o aliti o n, Mi d dl e S o ut h Pl att e Ri v er Alli a n c e, T h e L eft h a n d 
W at ers h e d  O v ersi g ht  Gr o u p,  T h e  C o al  Cr e e k  C a n y o n  W at ers h e d  P art n ers hi p,  B o ul d er  C o u nt y,  
L ari m er C o u nt y, J eff ers o n C o u nt y, a n d W el d C o u nt y.  

P OI N T O F C O N T A C T:  f or a d diti o n al i nf or m ati o n, c o nt a ct C hris H ari n g (8 1 5 -9 8 5 -6 3 7 2 , 
c hrist o p h er. p. h ari n g @ us a c e. ar m y. mil ) or R a n d y M a n d el ( 9 7 0 -3 7 9 -3 1 6 9 , r m a n d el @r a m b oll. c o m ).  

https://indd.adobe.com/view/001f283c-654f-47b0-958c-97b29d06b042
mailto:christopher.p.haring@usace.army.mil
mailto:rmandel
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T hi s t e c h ni c al n ot e s h o ul d b e cit e d as f oll o ws:  

Fr a n z, S ar a C o p p , J essi c a C o h n, R a n d y H. M a n d el, C hrist o p h er H ari n g, a n d 
J effr e y K. Ki n g . 2 0 2 2. T h e A p pli c ati o n of E n gi n e eri n g Wit h N at ur e ® Pri n ci pl es 
i n C ol or a d o Fl o o d R e c o v er y. E R D C/T N  E W N - 2 2- 2. Vi c ks b ur g, M S: U S Ar m y 
E n gi n e er R es e ar c h a n d D e v el o p m e nt C e nt er.  
htt p:// d x. d oi. or g/ 1 0. 2 1 0 7 9/ 1 1 6 8 1/ 4 4 8 4 7 . 

R E F E R E N C E S   

A m eri c a n Ri v er s. 2 0 2 0. R e c o n n e cti n g Fl o o d pl ai n s . htt p s:// w w w. a m eri c a n ri v er s. o r g/ c o n s er v ati o n -
r es o u r c e/r e c o n n e cti n g -fl o o d pl ai n s/  

A P F M  ( As s o ci at e d  Pr o gr a m m e  o n  Fl o o d  M a n a g e m e nt ).  2 0 0 6.  E n vir o n m e nt al  A s p e cts  of  I nt e g r at e d  Fl o o d  
M a n a g e m e nt.  A P F M W M O  N o.  1 0 0 9.  G e n e v a,  S wit z erl a n d :  W orl d  M et e or ol o gi c al  Or g a ni z ati o n. 
htt p:// w w w.fl o o d m a n a g e m e nt.i nf o/ p u bli c ati o n s/ p oli c y/if m _ e n v _ a s p e cts/ E n vir o n m e nt al _ A s p e cts _ of _I F M _ E n. p df   

Bri d g es, T. S., J. Lill y cr o p, J. R. Wil s o n, J. T. Fr e d ett e, B. C. S u e d el, C. J. B a n k s, a n d E. J. R u ss o. 2 0 1 4. 
“ E n gi n e eri n g Wit h N at u r e Pr o m ot es Tri pl e-Wi n O ut c o m es. ” T err a et A q u a  1 3 5:  1 7 – 2 3. 
htt p s:// e w n. er d c. d r e n. mil/ w p -c o nt e nt/ u pl o a d s/ 2 0 2 1/ 0 3/ 2 0 1 4 _ T err a -et -A q u a -E W N. p df    

Bri d g es , T. S. , P. W . W a g n er, K. A . B ur k s-C o p es , M. E . B at es, Z. A . C olli er, C. J. Fis c h e ni c h, J. Z . G ail a ni, L. D . 
L e u c k , C. D . Pi er c y, J. D . R os ati, E. J. R u ss o, D. J. S h af er, B. C . S u e d el, E. A . E mil y, A. V u xt o n, a n d T . V . 
W a m sl e y.  2 0 1 5 . Us e of N at ur al a n d N at u r e -B a s e d F e a t u r es ( N N B F) f o r C o a st al R e sili e n c e . E R D C S R -1 5 -1. 
Vi c k s b ur g,  M S:  U S  Ar m y  R es e ar c h  a n d  D e v el o p m e nt  C e nt er.  htt p s:// er d c -
li b r a r y. er d c. d r e n. mil/js p ui/ h a n dl e/ 1 1 6 8 1/ 4 7 6 9  

C W C B ( C ol or a d o W at er C o n s er v ati o n B o ar d). 2 0 1 8. C ol o r a d o W at ers h e d Fl o o d R e c o v er y 2 0 1 3 – 2 0 1 8 . C ol or a d o 
E m er g e n c y W at er s h e d Pr ot e cti o n Pr o gr a m P h as e II, C D B G – Dis a st er R e c o v er y W at er s h e d R esili e n c e Pil ot  
Pr o gr a m  S e n at e  Bill  1 4 -1 7 9.  D e p art m e nt  of  N at ur al  R es o ur c es  – S e pt e m b er  1 3,  2 0 1 8  ( V er.  2).  
htt p s:// d ri v e. g o o gl e. c o m/fil e/ d/ 1 _ a P c v d Q O 0i X Q 8 a 6 k b a rt V 0 o 7 N u d w a O A o/ vi e w  

C W C B 2 0 2 0. C ol o r a d o Dis a st er R e c o v er y: L ess o n s L e a r n e d . D e p art m e nt  of N at ur al R es o ur c es. 
htt p s:// w w w. c ol o r a d o e w p. c o m/l ess o n s -l e a r n e d  

Di c k ar d, M., M. G o n z al e z, W. El m or e, S. L e o n ar d, D. S mit h, S. S mit h, J. St a ats, P. S u m m er s, D. W ei x el m a n, a n d S. 
W y m a n. 2 0 1 5. R i p a ri a n A r e a M a n a g e m e nt: P r o p er F u n cti o ni n g C o n diti o n A ss ess m e nt f o r L oti c A r e a s. T e c h ni c al 
R ef er e n c e  1 7 3 7 -1 5. D e n v er,  C O : U S  D e p art m e nt  of  t h e  I nt eri or,  B ur e a u  of  L a n d  M a n a g e m e nt,  N ati o n al  
O p er ati o n s C e nt er.  

E u b a n k s, C. , a n d D. M e a d o ws. 2 0 0 2. A S oil Bi o e n gi n e eri n g G ui d e f o r Str e a m b a n k a n d L a k es h o r e P r ot e cti o n . F S -
6 8 3. W as hi n gt o n, D C : U S D A F or est S er vi c e.  

Fri p p, J., C.  H o a g , a n d  T.  M o o d y.  2 0 0 8. Str e a m b a n k S oil Bi o e n gi n e eri n g: A P r o p os e d R efi n e m e nt of t h e D efi niti o n . 
Ri p ari a n/ W etl a n d Pr oj e ct I nf or m ati o n S eri es N o. 2 3. U S D A, N R C S . 
htt p s:// w w w. n r cs. u s d a. g o v/I nt er n et/ F S E _ P L A N T M A T E RI A L S/ p u bli c ati o n s/i d p m c a r 8 2 9 4. p df   

G er h ar dt -S mit h, J. M., a n d C. J. B a n k s. 2 0 1 4. U S A C E  R e gi o n al S e di m e nt M a n a g e m e nt a n d  E n gi n e eri n g wit h N at u r e 
2 0 1 3  W o r ks h o p  S u m m a r y .  E R D C  T N-E W N -1 4 -3.  Vi c k s b ur g,  M S:  U S  Ar m y  E n gi n e er  R es e ar c h  a n d  
D e v el o p m e nt C e nt er.  

Gi or d a n e n g o, J.  H., R.  H. M a n d el, W.  J. S pit z, M.  C. B o s sl er, M.  J. Bl a z e wi c z, S.  E. Y o c h u m, K.  R. J a gt, W.  J. 
L a B arr e, G.  E. G ur n e e, R. H u m p hri es, a n d K.  T. U hi n g. 2 0 1 6. Li vi n g Str e a m b a n ks: A M a n u al of Bi o e n gi n e eri n g 
Tr e at m e nts f o r C ol o r a d o Str e a ms.  D e n v er, C O: D N R C ol or a d o W at er C o n s er v ati o n B o ar d . 

H o a g,  J.  C. , a n d J.  Fri p p. 2 0 0 5.  Str e a m b a n k S oil Bi o e n gi n e eri n g  C o n si d er ati o n s  f o r  S e mi -A ri d  Cli m at es .  U S D A  
Ri p ari a n/ W etl a n d Pr oj e ct I nf or m ati o n S eri es 1 8 . A b er d e e n, I D: U S D A N at ur al R es o ur c es C o n s er v ati o n S er vi c e. 

I c k es, B. S., J. V all a z z a, J. K al as, a n d B. K ni g hts. 2 0 0 5. Ri v er Fl o o d pl ai n C o n n e cti vit y a n d L at er al Fis h P a ss a g e: A 
L it er at u r e R e vi e w. L a Cr o s s e, Wis c o n si n: U S  G e ol o gi c S ur v e y, U p p er Mi d w est E n vir o n m e nt al S ci e n c es C e nt er. 
htt p s:// w w w. u m es c. u s g s. g o v/ d o c u m e nts/r e p o rts/ 2 0 0 5/ 0 5 c p 0 0 2. p df   

http://dx.doi.org/10.21079/11681/44847
https://www.americanrivers.org/conservation-resource/reconnecting-floodplains/
https://www.americanrivers.org/conservation-resource/reconnecting-floodplains/
http://www.floodmanagement.info/publications/policy/ifm_env_aspects/Environmental_Aspects_of_IFM_En.pdf
https://ewn.erdc.dren.mil/wp-content/uploads/2021/03/2014_Terra-et-Aqua-EWN.pdf
https://erdc-library.erdc.dren.mil/jspui/handle/11681/4769
https://erdc-library.erdc.dren.mil/jspui/handle/11681/4769
https://drive.google.com/file/d/1_aPcvdQO0iXQ8a6kbartV0o7NudwaOAo/view
https://www.coloradoewp.com/lessons-learned
https://www.nrcs.usda.gov/Internet/FSE_PLANTMATERIALS/publications/idpmcar8294.pdf
https://www.umesc.usgs.gov/documents/reports/2005/05cp002.pdf
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J a gt, K.,  M.  Bl a z e wi c z , a n d  J.  S h olt es.  2 0 1 6. Fl u vi al H a z a r d Z o n e D eli n e ati o n, A F r a m e w o r k f o r M a p pi n g C h a n n el 
Mi g r ati o n a n d E r o si o n H a z a r d A r e a i n C ol o r a d o . C ol or a d o W at er C o n s er v ati o n B o ar d, C ol or a d o D e p art m e nt 
of N at ur al R es o ur c es.  

M D N R ( Mi n n es ot a D e p art m e nt of  N at ur al R es o ur c es). 2 0 2 0. W at ers h e d H e alt h A ss ess m e nt F r a m e w o r k: Fi v e 
C o m p o n e nts – C o n n e cti vit y . htt p s:// w w w. d n r. st at e. m n. u s/ w h af/ a b o ut/ 5 -
c o m p o n e nt/ di m e n si o n s. ht ml #: ~:t e xt = L at er al % 2 0 c o n n e cti vit y % 2 0 all o ws % 2 0t h e % 2 0 str e a m,f o r % 2 0t h e % 2 0 h e alt
h y % 2 0 e c o s yst e m % 2 0f u n cti o n. &t e xt = L at er al % 2 0 c o n n e cti vit y % 2 0 r ef ers % 2 0t o % 2 0t h e, m att er % 2 C % 2 0 n utri e nts
% 2 C % 2 0 a n d % 2 0 o r g a nis ms  

N R C S ( N at ur al R es o ur c es C o n s er v ati o n S er vi c e). 2 0 2 0. C ol o r a d o E m er g e n c y W at ers h e d P r ot e cti o n P r o g r a m - 
E W P P r o g r a m P r o c ess.  U S D A N R C S 2 0 2 0. 
htt p s:// w w w. n r cs. u s d a. g o v/ w p s/ p o rt al/ n r cs/ m ai n/ c o/ p r o g r a ms/fi n a n ci al/ e w p/   

O p p er m a n, J.  J., R. L u st er, B.  A. M c K e n n e y, M. R o b erts, a n d A. W. M e a d o ws. 2 0 1 0. “ E c ol o gi c all y F u n cti o n al 
Fl o o d pl ai n s: C o n n e cti vit y, Fl o w R e gi m e, a n d S c al e. ” J o u r n al of t h e A m eri c a n W at er R es o u r c es A ss o ci ati o n  
4 6( 2):  2 1 1 – 2 2 6 . ht t p s:// d oi. o r g/ 1 0. 1 1 1 1/j. 1 7 5 2-1 6 8 8. 2 0 1 0. 0 0 4 2 6. x  

Si n g h, V.  P., C.  T. Y a n g, a n d Z.  Q. D e n g. 2 0 0 3 a. “ D o w n str e a m H y dr a uli c R e l ati o n s: 1. T h e or eti c al D e vel o p m e nt. ” 
W at er R es o u r c es R es e a r c h: S u rf a c e W at er a n d Cli m at e  3 9( 1 2): S W C 2 - 1 t o S W C 2 -1 5, 2 0 0 3.  

Si n g h, V.  P., C.  T. Y a n g, a n d Z. Q. D e n g. 2 0 0 3 b. “ D o w n str e a m H y dr a uli c G e o m etr y R el ati o n s: 2.  C ali br ati o n a n d 
T esti n g. ” W at er R es o u r c es R es e a r c h  3 9( 1 2 ): S W C 3-1 t o S W C 3 -1 0,  2 0 0 3.  

Tr o ut  U nli mit e d.  2 0 2 0.  C o n s er v ati o n  A r e a s:  W at ers h e d  R est o r ati o n  a n d  Fl o o d pl ai n  C o n n e cti vi t y.  
htt p s:// w w w.t u. o r g/ c o n s er v ati o n/ c o n s er v ati o n -a r e a s/ w at ers h e d -r est o r ati o n/fl o o d pl ai n -c o n n e cti vit y/  

U S D A  N R C S  ( U nit e d St at e s  D e p art m e nt  of  A gri c ult ur e  – N at ur al  R es o ur c es  C o n s er v ati o n  S er vi c e).  2 0 1 8.  
Str e a m b a n k  S oil  Bi o e n gi n e eri n g .  U S D A-N R C S  P art  6 4 5  C o n str u cti o n  I n s p e cti o n  N ati o n al  E n gi n e eri n g  
H a n d b o o k, 2 1 0 -6 4 5 -H, 1 st e diti o n , A m e n d m e nt 8 3, J a nu ar y  2 0 1 8 . W as hi n gt o n, D C.  

W o hl, E., B.  P.  K.  D.  Bl e d s o e,   N.  F a u s c h,   K.  R.  Kr a m er,   M.  B est g e n , a n d N. G o o s eff. 2 0 1 6. “ M a n a g e m e nt of 
L ar g e W o o d i n S tr e a m s: A n O v er vi e w a n d Pr o p o s e d Fr a m e w or k f or H a z ar d E v al u ati o n. ” J o u r n al of t h e 
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