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I.0      SUMMARY   ANALYSIS

The  objective  of  this  Areawide  Technical  Planning  Report  for
the  Larimer-Weld  Region  is  to  document  the  many  factors  which
affect  the  attainment  of  the  1983  national  goal  set  forth  in
the  Clean  Water  Act  Amendments  of  1972   (PL   92-500)   -   that  of
achieving  a  level  of  water  quality  which  provides  for  the
protection  and  propagation  of  fish,   shellfish,  and  wildlife  and
provides  for  recreation  in  and  on  the  water,  wherever attainable .
The  Larimer-Weld  Region  of  Northern  Colorado  shown  in  Figure
i.I-A  has  many  natural  and  manmade  opportunities  and  constraints
which  affect  the  attainability  of  that  national  goal.    This
area  of  the  South  Platte  River  Basin  is  naturally  divided  into
two  topographic  regions;   the  Great  Plains  and  the  Front  Range
of  the  Southern  Rocky  Mountains.     The  interface  of  these  two
land  forms  is  a  series  of  steeply  inclined  sedimentary  hogback
.-I  I___      ___  _I      Jr  _   _   ,,,,,ridges  and  foothills.           Thesa  three  laha  f6=;-;-7--=5a;t-a-I:=
foothills

toa::cEEE±EE  are  distinguished  by  water  qual ty  problems

The   6,700   square  mile  Larimer-Weld  Region  contains  over  500,000
acres  of  irrigated  agricultural  lands,  a  large  portion  of  Rocky
Mountain  National  Park,   Roosevelt  National  Forest,   the  Pawnee
National  Grassland,   and  a  vast  expanse  of  forested  and  grass-
covered  lands  under  private  ownership.    A  thriving  regional
economy  of  agriculture,   light  technical  industry  and  education
provides  the  basis  for  a  rapidly  growing  regional  population  of
over  250,000  with  expectations  of  a  doubling  of  population  by
the  Year  2000.     Three  major  Colorado  cities  are  the  hub  of  this
activity,   Fort  Collins   (68,000  population) ,   Loveland   (31,000
population) ,   and  Greeley   (60,000  population) .

In  developing  the  Areawide  Technical  Plan,   the  staff  of  LWRCOG
and  its  consulting  staf f  attempted  to  gather  all  relevant
information  available  and  prepare  an  objective  assessment  of
the  technical  aspects  of  achieving  the  National  Water  Quality
Goal.     The  summary  analysis  contained  in  this  section  represents
the  scope  o.f  that  effort,   its  findings  and  recommendations.

i.I      CONSIDERATIONS

The  achievability  of  this  goal  for  the  waters  of  Larimer  and
Weld  Counties  is  dependent  upon  several  specific  factors  which
are  covered  in  this  report:

a Impacts  of  current  levels  of  pollutants  on  water
bodies  in  the  Region  and  projected  levels  of  pollu-
tant  loads  over  the  next  20  years   (with  consideration
for  existing  and  increased  treatment  levels  and
control  measures  to  reduce  pollutant  discharges) .
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0

0,

0          Limitations  for  improved  water  quality  imposed  by  the

existing  natural  and  man-modified  hydrologic  system
(including  climate,  physical  stream  conditions  and
present  aquatic  life) .
Historical  western  water  resource  development  and
Colorado  Water  Law,  which  governs  water  quantity  in
the  river  and  reservoir  system.

Effectiveness  of  technical  approaches  to  resolve
adverse  water  quantity  and  water  quality  relation-
ships  which  could  result  in  achievement  of  the  1983
goal .

Relationship  of  other  environmental  goals  to  water
pollution  control   (including  energy  conservation,
water  conservation,   resource  recovery) .

Willingness  of  people   (water  users)   to  pay  for  increased
water  quality.

Overall  costs  of  implementing  water  pollution  control
programs  to  achieve  the  1983  goal  versus  the  benefits
to  be  derived.

The  report  covers  these  areas  in  suf f icient  detail  to  present
an  evaluation  of  the  importance  of  these  factors  in  achieving
the  f ishable/swimmable  water  quality  goals  for  the  Larimer-Weld
Region.     References  listed  in  the  text  and  bibliography  are  to
direct  the  reader  to  more  detailed  discussion  of  these  topics.

I.2      FINDINGS   AND   CONCLUSIONS

I.2.I           Existin and  Pro eat  Water  Qualit

All  native  waters  of  the  semi-arid  Larimer-Weld  Region  either
originate  in  the  Front  Range  of  the  Rocky  Mountains  within  the
Region  or  f low  into  the  area  from  the  neighboring  Denver-
Boulder  area.     Most  water  originating  in  the  Region  comes  from
mountain  snow  packs  or  precipitation  events.    Waters  not  native
to  the  South  Platte  River  Basin  come  from  the  headwaters  of
either  the  I.aramie  River,  a  tributary  of  the  North  Platte,  or
the  Colorado  River  Basin  to  the  West  of  the  Continental  Divide.
These  non-native  transmountain  or  transbasin  diversion  waters
are  relatively  free  from  pollutants.    They  are  stored  and
released  for  the  purpose  of  augmenting  native  water  supplies
for  municipal,  industrial  and  agricultural  beneficial  water
uses  during  dry  periods.
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In  the  Larimer-Weld  Region,   the  overall  man-made  and  natural
water  conveyence  system  is  extremely  complex.     There  are  over
2,500  miles  of  canals  and  ditches  operated  by  81  irrigation
ditch  companies  under  the  auspices  of  individual  river  commis-
sioners  in  the  employ  of  the  Colorado  State  Engineer's  Office.
These  commissioners  operate  the  rivers  to  satisfy  water  decrees
authorized  under  Colorado  Water  Law,  with  an  objective  of  maxi-
mizing  the  use  of  the  limited  water  resources.

Waters  of  the  mountain  areas  are  generally  free  from  pollution,
but  as  they  make  their  way  to  the  lower  elevations  of  the
plains  areas  the  use  and  reuse  of  the  water  resource  and  the
physical  character  of  the  plains  geology  and  climate  adversely
impact  water  quality  and  quantity  for  sustaining  aquatic  life
and  recreational  uses.

Total  mass  emissions  loadings  of  these  pollutants  from  agricul-
tural  sources  is  not  expected  to  increase  significantly  over
the  next  20  years.    Wastes  from  municipalities  and  industrial
activities  will  increase  as  a  function  of  increased  populations
and  the  nature  of  industrial  busine§ses  which  utilize  water-
based  processing  or  waste  disposal  techniques.

The  major  pollutants  generated  from  existing  municipal  and
industrial  sources  are  biochemical  oxygen  demanding   (BOD)
materials,  nitrogen   (including  ammonia  nitrogen) ,   suspended
solids  and,  depending  on  the  type  of  industry,  certain  exotic
pollutants  including  heavy  metals.     The  total  mass  loading  of
pollutants  from  municipal  sources  is  expected  to  approximately
double  if  current  population  trends  continue  and  conventional
water  consumption  and  waste  treatment  practices  continue.     Con-
ventional  secondary  level  treatment  is  currently  envisioned  to
be  the  most  adequate  and  cost-ef fective  means  of  controlling
wastes  from  municipalities.     NPDES  permit  conditions  will
determine  treatment  processes  for  industrial  wastes.    The
nitrogen  compounds  from  municipal  wastes,   along  with  other
trace  elements,  are  considered  a  resource  by  agricultural  water
users .

Though  not  particularly  important  on  an  areawide  basis,  non-
point  pollution  from  urban  storm  runoff ,  construction,   silvi-
culture   (forest  management)   and  septic  tanks,   are  considered  to
be  quite  significant  water  quality  problems  on  a  localized
basis  and  result  in  water  quality  degradation  in  the  major
river  drainages.    The  ability  to  quantify  the  problems  and
prescribe  adequate  and  cost-ef fective  solutions  in  the  near
term  has,   and  will,  continue  to  hamper  control  of  these  pollutant
generators .
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pollution  fran  irrigated  and  non-irrigated  agriculture  will
continue  to  be  a  Source  of  high  sediment   (suspended  solids) ,
Salinity  (total  dissolved  solids)   and  nitrate-nitrogen.

Conclusions : Section  2.0

i.

2.

Major  sources  of  pollution  within  the  Larimer-Weld  Region
include  municipal  and  industrial  point  sources,  and  non-
point  sources  including  irrigated  agriculture  and  urban
runoff .     Pollutant  sources  which  have  less  impact  on  water
quality  include  solid  waste  disposal,  construction  activi-ties,  silvicultural  activities  and  other  forest  uses,  and
confined  animal  feeding  operations.

The  impact  of  these  discharges  is  directly  related  to  the
proportionate  level  of  land  use  associated  with  each  acti-
vity  in  the  Region.     The  Cache  la  Poudre  River  basin  and
Big  lhompson  River  Basin  are  more  impacted  by  urban  devel-
opment  activities  than  the  St.  Vrain  and  South  Platte.
The  plains  area  of  all  basins  are  impacted  by  pollutants
contained  in  and  conveyed  by  irrigation  return  flow.

3.       The  impacts  of  urban  runoff  have  been  projected  but  not
verified  through  a  program  of  sampling  and  analysis.

4.       All  streams  of  the  plains  area  are  impacted  by  pollutants
contained  in  and  conveyed  by  irrigation  return  f lows  which
are  estimated  at  approximately  380  mgd  as  compared  to
municipal  and  industrial  discharges  of  46  mgd.

5.       Irrigation  return  flows  to  the  Cache  la  Poudre  River  are
estimated  at  150  mgd  compared  to  25  mgd  discharged  by
municipal  and  industrial  sources.

6.       Water  quality  of  the  Big  Thompson  River  is  effected  by
municipal  and  industrial  discharges  from  the  City  of
Loveland  and  Great  Western  Sugar  Company.     Combined  munici-
pal  and  industrial  discharges  in  the  basin  including  the
I.ittle  Thompson  are  estimated  at  15  mgd,   irrigation  return
flows  are  estimated  at  44  mgd.

7. Point  sources  discharging  into  the  liittle  Thompson  River
include  Milliken  and  Johnstoun.     These  discharges  have  a
negligible  effect  on  water  quality  of  the  I,ittle  Thompson.
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8.       The  Little  Thompson  receives  a  considerable  amount  of
irrigation  return  flow.     During  the  summer  season,   flows
from  the  Little  Thompson  basin  have  a  total  dissolved
solids  content  of  2000  mg/i.     The  Little  Thompson  is  also
subject  to  sediment  loading  which  is  the  highest  in  the
Region.     Sediment  levels  in  the  Little  Thompson  range
upwards  of  200  mg/i.

9. Only  one  municipal  discharger,  Mead  Sanitation  District,
discharges  to  the  St.  Vrain  in  the  Larimer-Weld  Region.
Agricultural  return  flows  to  the  St.  Vrain  River  are
estimated  at  62  mgd.

10.     The  only  point  source  dischargers  on  the  South  Platte
River  are  a  number  of  small  communities  in  South  Weld
County  which  have  a  negligible  influence  on  water  quality.
Total  municipal  discharge  is  less  than  1  mgd  while  irri-
gation  return  flows  are  estimated  at  125  mgd.

11.     Irrigation  return  flows  are  a  major  element  in  the  water
supply  equation  of  the  Larimer-Weld  Region.     They  entirely
sustain  the  flow  of  the  lower  Cache  la  Poudre,   lower
Thompson,   lower  St.   Vrain,   and  portions  of  the  South
Platte  Rivers  during  certain  periods  of  the  summer  low
flow  period.

12.     The  impacts  of  point  and  non-point  source  discharges  vary
substantially  throughout  the  Larimer-Weld  Region  due  to
the  extremely  complex  System  of  supply  and  diversion.
Impacts  of  specific  point  sources  are  often  masked  by  non-
point  source  discharges  or  completely  nullified  by  subse-
quent  withdrawal  of  the  entire  system  f low  for  application
to  irrigated  land.

I.2.2           Water  Qualit Criteria  and  Standards

The  quality  of  water  and  the  impacts  of  pollution  on  beneficial
uses  cannot  be  viewed  in  simple  absolute  terms.     Each  beneficial
use  of  water  requires  that  the  physical,  chemical  and  biological
characteristics  fall  within  some  limiting  range  if  uses  are  to
be  maintained  without  serious  impairment  or  damage  to  the  water
user.     This  applies  to  all  uses  of  water  in  the  Larimer-Weld
Region  including  recreation,   agriculture,  aquatic  life,  and
public  water  supply.
Water  quality  criteria  and  standards  are  the  basis  for  determining
the  ranges  or  concentrations  of  particular  constituents  which
may  enhance  or  impair  the  suitability  of  water  for  a  potential
beneficial  use.     The  processes  of  developing  criteria  and
standards  and  developing  computer  modeling  techniques  to  depict
real  world  situations  is  a  relatively  new  frontier  of  knowledge.
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Conclusions : Section   3.0

I.

2.

3.

4.

5.

The  ability  of  technicians  to  measure  chemical  concentrationsln  water,  conduct  tests  on  aquatic  life  under  idealized
laboratory  conditions,   and  write  computer  programs  supposedly
depicting  in-§trean  conditions  has  advanced  tremendously
in  recent  years.

The  application  of  this  advaned  technology  to  specific
rivers,   streams  and  reservoirs  is  in  its  embryonic  stage
and  deserves  considerable  additional  field  testing  prior
to  application  to  municipal  and  industrial  discharge
permits.     Beneficial  uses  of  water  within  the  Iiarimer-Weld
Region  include  recreation,  aqtlatic  life,  agriculture,  and
water  supply.

The  f actors  af fecting  establishment  of  nuneric  standards
to  ensure  protection  of  beneficial  uses  include  highly
localized  conditions  such  as  in-stream  aquatic  life,  pH,
temperature,  hardness,  total  dissolved  solids,  and  other
in-stream  pollutants.    These  factors  are  highly  variable
within  the  Region.

Establishment  of  numeric  standards  beyond  "Basic  Standards"
currently  in  ef feet  for  streams  within  the  Region  will
require  additional  sampling,  bioassays,  and  biosurveys.

Application  of  water  quality  criteria  other  than  basic
standards  presently  in  ef feet  cannot  be  supported  until
more  scientific  evidence  is  available  proving  the  appli-
cability  of  those  criteria  in  the  Larimer-Weld  Region.
Application  of  broader  water  quality  criteria  in  the
development  of  NPDES  discharge  permits  is  not  acceptable
until  such  scientific  information  is  available  and  the
following  conditions  are  met:

a.       In-stream  monitoring  programs,   biosurveys,  bioassays,
and  other  scientific  evidence  indicate  that  chemical
constituents  included  in  such  criteria  are  present  in
sufficient  concentrations  in  receiving  waters  to
interfere  with  beneficial  uses  of  water  in  legally
adopted  stream  classifications  and  are  applicable  to
specific  situations  within  the  Region.

b. Monitoring  programs  identify  specific  point  and  non-
point  sources  of  the  constituent  in  question,  the
level  attributable  to  each  source,  and  the  specific
impact  of  each  source  on  the  beneficial  use  of  water.



C,

d.

i.2.3

The  economic,   social,   and  environmental  impact  and
technical  feasibility  of  eliminating  specific  pollutant
is  clef ined  through  planning  conducted  in  accordance
with  Section  201  and/or  Section  208  of  the  Clean
Water  Act.

Facilities  are  constructed  and/or  best  management
practices  are  developed  and  implemented  to  control
the  discharge  of  specific  pollutants.

Factors  Affectinq  Attainment  of  1983  Water  Quality  Goals

Factors  af fecting  local  attainment  of  the  national  water  quality
goal,  as  well  as  the  means  of  attainment,  include  regional
hydrology,  existing  aquatic  life,  in-stream  physical  factors
such  as  stream  bed  conditions,   flow,  habitat,   temperature,  as
well  as  chemical  factors,  and  local  goals,  attitudes  and  desires
concerning  priorities  for  recreation  and  water  use.

Conclusions:     Section  4.0

1.       The  surface  water  hydrology  of  the  Larimer-Weld  Region  has
undergone  extensive  changes  in  the  last  120  years  with  the
objective  of  maximizing  use  of  available  water  supplies
for  irrigation,  municipal  and  industrial  purposes.

2.       Numerous  diversion  structures  have  been  constructed  in  the
streams  to  facilitate  delivery  of  water  to  various  ditches
and  from  there  to  reservoirs,  irrigated  land,  municipali-
ties  and  industries  in  the  Region.

3.       Operation  of  the  river  system  under  the  management  strategy
which  maximizes  availability  of  supplies  for  these  purposes
results  in  total  diversion  of  all  supplies  from  rivers  at
many  points.

4.       Diversion  of  total  flow  in  the  river  occurs  during  the
irrigation  season,  May  -  September,   and  during  the  storage
season,  October  -April.

5.       Diversions  on  the  Cache  la  Poudre  River  flows  totally  dry
up  the  river  at  least  11  times  between  the  North  Poudre
Supply  Canal  at  the  mouth  of  the  canyon  and  its  conf luence
with  the  South  Platte.

6. Diversions  from  the  Big  Thompson  River  may  dry  up  the
river  at  least  five  times  between  the  mouth  of  the  canyon
and  its  confluence  with  the  South  Platte  River.
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7.

9.

10.

11.

12.

The  South  Platte  River  may  be  dried  up  at  least  5  times
within  the  Region.

Extreme  hydrologic  variations  contribute  to  the  survival
of  only  the  hardiest  species  of  fish  in  the  plains  area  of
the  Region.     These  fish  are  generally  referred  to  as"rough"  or  "forage"  fish  and  for  the  most  part,   include
carp,   suckers,   and  minnows.

Mountain  streams  of  the  Region  generally  provide  excellent
habitat  for  trout  fisheries.    The  mountains  are  also  the
prime  providers  of  supply  for  agriculture  and  municipal
uses  of  water.

The  high  mountain  streams  are  a  great  regional  and  state
fisheries  and  recreation  resource  which  should  be  protected
from  degradation.

Stream  life  of  the  plains  streams  is  determined  by  factors
other  than  flow,   including  benthic  and  bank  conditions,
temperature,  quality.

Existing  recreational  fisheries  in  the  streams  of  the
plains  area  are  marginal  at  best.    this  is  confirmed  by
the  fact  that  the  Colorado  Division  of  Wildlife  does  not
consider  the  plains  streams  as  a  viable  fishery  and  does
not  spend  state  resources  on  stocking  or  attempting  to
manage  these  plains  streams  as  fisheries.     It  is  also
confirmed  through  biological  data  collected  as  part  of  the
208  program  and  from  other  sources.

13.     Opportunities  for  establishment  of  in-stream  fisheries
within  the  plains  area  appear  to  be  extremely  limited.

14.     Establishment  of  fisheries  in  the  numerous  off-stream
reservoirs  has  been  accomplished  and  appears  to  of fer  the
greatest  benefits  in  the  future  in  terms  of  meeting  water
quality  goals  and  regional  and  state  program  goals.

15.     The  I.arimer-Weld  Region  contains  25  percent  of  water
recreation  areas  in  the  South  Platte  River  Basin  in  Colorado.

16.     Water  based  recreation  and  fisheries  within  the  Region
center  around  mountain  Streams  and  reservoirs  in  the
foothills  and  plains  areas.

17. Public  acceptance  of  large  expenditures  for  improving
water  quality  in  the  rivers  of  the  Region  is  considered  to
be  questionable  when  the  public  benefits  from  such  improve-
ments  appear  to  be  negligible  in  terms  of  providing  increased
recreational  and  fishery  opportunities.
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18.     Opportunities  for  recreational  enhancement  in  the  Larimer-
Weld  Region  appear  to  be  greatest  in  the  mountainous  areas
and  at  off-stream  sites  Such  as  reservoirs,  converted
gravel  operations,  and  reservoirs  in  the  foothills  areas.

i.2.4 Relationshi of  Other  Environmental Goals  to  Water
Control

Water  quality  improvement  cannot  be  viewed  in  isolation.     It
must  consider  impacts,  both  positive  and  negative,  to  other
desired  goals.     The  technical  consideration  for  water  pollution
control  must  consider  such  things  as  resource  conservation  and
recovery,   impacts  to  safe  drinking  water,  energy  conservation
and  water  conservation.     In  selecting  water  pollution  control
measures  appropriate  for  this  Region,   recommendations  have  been
made  for  municipal  and  industrial  point  source  control  and
agriculture  pollution  control  which  will  maximize  the  objectives
of  these  concepts  while  still  attempting  to  recognize  the
limitations  imposed  by  resource  use,   financial  constraints,  and
other  existing  federal,   state  and  local  environmental  programs.

Conclusions:     Section  5.0

i.       Federal  Clean  Water  Act  encourages  to  the  maximum  amount
feasible  "the  recycling  of  potential  sewage  pollutants
through  the  production  of  agricultural,  silvicultural  and
agricultural  products  and  the  reclamation  of  wastewater."

2.       This  goal  is  carried  out  to  the  maximum  extent  feasible  by
the  systems  of  discharge  and  diversion  existing  within  the
Region.     Wastewater  discharged  by  municipal  treatment
plants  is  used  on  an  average  at  least  2*  times  prior  to
leaving  the  Region.

3.       Land  treatment  for  the  major  urban  centers  of  Fort  Collins,
Loveland  and  Greeley,   as  a  means  of  achieving  tertiary
treatment,  or  to  eliminate  a  direct  discharge  is  not  cost-
effective.    Opportunities  for  direct  land  application  of
wastewater  as  a  planned  component  of  water  quality  manage-
ment  appear  to  be  more  substantial  in  rural  communities.

4.       The  major  agricultural  solid  waste  problem  exists  in  terms
of  management  of  residual  wastes  from  concentrated  animal
feeding  operations.     Disposal  of  manure  generated  by  live-
stock  on  conf ined  animal  feeding  operations  as  a  fertilizer
and  soil  amendment  in  combination  with  application  of
commercial  fertilizers  causes  excess  nitrate  loadings  to
ground  waters.     Implementation  of  agricultural  best  manage-
ment  practices  can  eliminate  this  problem  and  provide
direct  economic  benefits  to  the  farmers.     Other  elements
of  the  208  program  include  detailed  recommendations  for
carrying  out  such  programs.
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5.

6.

7.

8.

9.

I.2. 5

uncertain  at  this  time-.

Ihe  continuing  208  planning  program  will  address  the
problem  encountered  by  communities  in  meeting  requirements
of  the  Federal  Safe  Drinking  Water  Act.

Planning,  management,   and  operations  agencies  for  point
and  non-point  source  pollution  control  should  be  required
to  address  the  question  of  energy  consumption  and  energy
conservation  measures  proposed  as  part  of  the  implementation
of  pollution  control  programs.

Control  of  pollutants  from  irrigated  agriculture  and
implementation  of  best  management  practices  will  be  achieved
with  measures  which  increase  the  efficiency  of  conveyance
systems  and  on-farm  irrigation  systems.     Some  degree  of
water  conservation  will  occur  as  a  result  of  a  decrease  in
net  demand  if  these  measures  prove  to  be  cost-effective
from  a  regional  standpoint  and  are  widely  implemented.
HOwever,   the  final  disposition  of  the  wa+_er  rhnear.rai  ..aof  the  water  aonserved-is

Major  municipalities  within  the  Region  have  established
goals  of  reducing  unit  waste  f lows  within  their  sewage
systems  by  substantial  amounts.

Implementation  of  water  conservation  measures  in  the  home
could  provide  greater  reserve  capacity  in  existing  waste
treatment  feacilibie§.     Maihr   fi^ ,..- A;I..-1..___   _I     ___    _____ --,, J    ,,(+P I.Iibies.    Major  flaw  reductions  cannot  be
expected.

gas±:±£e±±±±±±±g±ei£9i±s±±±m!±
Four  technical  stracegies  were  designed  for  achieving  the
national  water  quality  goals  in  the  liarimer-Weld  Region.     The
basic  elements  of  the  strategies  include:

I.

2.

3.

A  technical  plan  for  management  and  control  of  point
and  non-point  source  dischargers.

A  set  of  stream  classifications  and  standards
streams  in  the  Region  which  enable  protection
beneficial  uses.

for
of

A  coordinated  regional  water  quality,  biological  and
hydrological  monitoring  and  reporting  program  aimed
toward  protecting  existing  benef icial  uses  and  deter-
mining  new  standards  and  conditions  for  waste  discharges.

The  elements  of  the  technical  strategies  were  derived  as  a
result  of  an  extensive  analysis  conducted  in  the  initial  208
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planning  process  involving  extensive  review  and  input  from  the
Areawide  Planning  Committee  and  others  involved  in  the  public
participation  process.    Factors  common  to  all  four  strategies
include :

I.       Continued  enforcement  of  feedlot  regulations  and
operation  of  pollution  control  facilities  by  feedlot
operators j

2.       A  major  program  of  agricultural  pollution  control  in
the  Region  to  control,  to  the  extent  feasible,  dis-
charges  of  salinity,  nitrates,  and  sediment  to  rivers
of  the  Region.     This  program  will  be  heavily  dependent
upon  federal  funding  for  implementation;

3.       Development  and  implementation  of  an  urban  runoff
pollution  control  program  in  the  Region;

4.       Development  of  pollution  control  programs  for  other
non-point  sources,  including  construction,  silvi-
cultural  activities,  septic  tanks  and  leach fields,
and  solid/hazardous  waste  disposal;   and

5.       Maintenance  of  the  high  quality  of  mountain  streams
in  the  Region.

Major  variables  associated  with  the  technical  strategies  include:

I.       Treatment  level  requirements  applied  to  point  source
discharges;   and

The  degree  to  which  marginal  f isheries  are  upgraded
within  the  Region  through  fish  stocking,  stream
engineering,  dred,ging  and  flow  augmentation.

Summary  descriptions  of  the  four  alternative  technical  strategies
are  provided  below.    A  cost  sulrmary  for  each  alternative  is
given  in  Table 1.2.5-A. Complete  descriptions  of  these  technical
strategies  are  provided  in  Section  6.0  of  this  report.

A.          STRATEGY   NUMBER   I:       WASTEWATER   TREATMENT

The  objective  of  this  strategy  is  to  meet  water  quality  goals
as  they  are  clef ined  under  existing  State  of  Colorado  stream
classifications  and  standards.    The  emphasis  of  this  strategy
is  on  the  control  of  municipal  and  industrial  point  source
discharges.    Municipal  and  industrial  point  source  discharges
for  the  Cache  la  Poudre  River  must  provide  advanced  waste
treatment  by  the  Year  2000  to  meet  water  quality  standards.     In
addition,   the  I.oveland  Waste  Treatment  Plant  must  provide
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TABI.E I.'2.5-A   (CONTINUED)

(a)     Costs  in  terms  of  January,   1977,   dollars.
(b)     As§unes   7%   interest,   amortized  over  20  years.
(a)     Assumes   7%  interest,   amortized  over  50  years.
(d)     Asisumes   7%   interest,   amortized  over  10  years.
(e)     Assumes   unit  cost  of  C-BT  share  =   $1,300;

Quota  =  60%;   flow  augmentation  implemented  in  Big
Thompson  River   (15  cfs)   and  Cache   la  Poudre  River
(15  cfs)   from  May  through  Sept\ember;   7%  interest
amortized  over  50  years.

(f)     Meet  existing  water  quality  standards  -  No  flow  augmentation.
_I _ _ _ __ _-J ------ __ -_-Advanced  treatment  required  at  Fort  Collin§  Nos.   i  and  2,

Boxelder  S.D. ,   Windsor,   Eastman  Kodak  Co. ,   Greeley  Delta,
and  Loveland.     Tertiary  treatment  required  at  Greeley
First  Avenue  and  Great  Western,   I.oveland.

(g)     Assumes  plants  requiring  tertiary  or  advanced  waste  treat-
ment  upgrade  immediately,  unless  such  facilities  are  staged
according  to  future  need  for  additional  capacity   (Greeley
Delta) .

(h,)     Staged  over  five  years.
(i)     Capitol  cost  at  an  estimated  average  participation  of  70%.

Cost  at  100%  participation  would  be  S140  million.
(j)     Includes  50%  participation  in  irrigation  `scheduling

(S12/acre  x  500,000   x  1/2) .     Miscellaneous  0   &  M  expenses
are  minimal  and  most  BMP's  reduce  overall  0  a  in  costs.
Energy  `costs  of  sprinklers  are  offset  by  reduced  labor
requirements  and  therefore  not  included-.

(k)     Control  in.easures  for  urban  runoff  are  oriented  toward
source  control,  non-Structural  control  options,  and
structural  options  incorporat'ed  into  an  overall  \§ystem
tof  drainage/flood  control.     C'onstruction  assumed  in  1980

(1)     Provide  flow  augmentation.     Advanced  treatment  required
at  Greeley  Delta.    Tertiary  treatment  required  at  Fort
Collins  Nos.   i  and  2,   Boxelder  S.D.,  Windsor,   Eastman
Kodak  Co. ,   Greeley  First  Avenue,  Iioveland,   and  Great
Western,   Loveland.

(in)     Based  on  Sllo  per  surface  acre  \sbocked.
(n)     Based  on  one  man-year  professional  design  time  plus

$5'00  -$2,000  per  river  mile  for  construction;  includes
cost  of  fish  screens  estimated  to  be  $1,00J0  per  ditch.

(a)     Purchase  of  mini-dredge.
\(p)     Na\w  mini-dredge  to  be  purchased  in  1988.
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TanLE     I.2.5-A   (CONTINUED)

(q)     Includes  annual  insurance  premium  of
dredge   operated   f!nn+i'nii^i.-1.-I -----.

_________   ...I,uiaiii-a   premium   Of   $3,000;    assumes
dredge  operated  continuously  during  the  year;   does  not
include  cost  of  transporting,   launching,  or  retrieving
dredgej   $62,000  for  first  four  years  to  initially
expose  channel  substrate  in  the  Big  Thompson  and  Cache
la  Poudre  Rivers  downstream  from  canyon  mouths,   and  in
reach  of  the  St.   Vrain  River  within  the  two-county  area;
$37,000  per  year  thereafter  for  channel  maintenance.
Assumes  mini-dredge  operated  for  seven  months  out  of
each  year.
Protection  of  existing  water  uses    -      secondary  treatment  -
Some  fish  stocking  in  selected  plains  river  raa~l`^~
Ba.C=aA    ^r`    7   ___Li__        .

____.._..¥   I.,  E>ciLiJctea  plains   river   reaahes.
(t)     Based  on  7  months  of  professional  design  time  plus

$500  -$2,000  per  river  mile  for  construction,   includes
cost  of  fish  screens,   estimated  to  be  Sl,000  per  ditch.

(u)     Protection  of  existing  water  uses    -secondary  treat-
ment  -no  fish  stocking  in  plains  river  reaches.
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advanced  waste  treatment  and  the  Great  Western  Plant  at  Loveland
must  provide  tertiary  treatment  before  discharge  to  the  Big
Thompson  River.     The  proposed  Greeley  Delta  Plant  must  provide
advaned  waste  treatment  prior  to  discharge  to  the  South  Platte
River ®

Strategy  No.   i  does  not  include  flow  augmentation,  dredging,
fish  stocking,   or  recreational  enhancement.     Hence,  the  major
factors  that  are  presently  inhibiting  the  development  of  a  high
quality  fishery  in  the  plains  area,   i.e.,  hydrology  and  stream
habitat,  would' not  be  altered.    Water  quality  would  be  improved
but  the  type  and  quality  of  the  existing  aquatic  biota  would
not  be  improved,   except  as  it  may  change  through  only  water
quality  improvements.
a.          STRATEGY   NO.    2: UPGRADING.  AQUATIC   HABITAT

Strategy  No.   2  would  include  advanced  waste  treatment  for
municipal  and  industrial  discharges  on  the  Lower  Poudre,   flow
augmentation  on  the  Poudre   (15  cfs)   and  on  the  Big  Thomp§on   (15
cfs) ,  dredging  of  the  Poudre  and  Thompson  to  expose  substrate
required  for  fish  propagation,  recreational  enhancement,  fish
stocking,   and  stream  engineering  to  provide  fishery  habitat.
Flow  augmentation  will  be  limited  to  the  period  of  April  through
October.     During  the  remainder  of  the  year,   it  is  assumed  that
through  stream  engineering,  adequate  fish  habitat  could  be
maintained  in  the  plains.     The  validity  of  this  assumption  has
not  been  fully  f ield  tested  in  an  area  strongly  af fected  by
hydrologic  modification  Such  as  the  Larimer-Weld  Region.

Implementation  of  Strategy  No.   2  would  theoretically  enable
upgrading  of  the  fisheries  to  support  a  wide  variety  of  sport
fish  and  enable  limited  propagation  of  fish  life  in  the  plains
areas.     Such  a  concept  has  not  been  field  tested.

This  strategy  includes  the  following  provisions:

0

Augmentation  flows  be  provided;

Channel  substrate  by  exposed  and  maintained  through
initial  and  ongoing  programs  of  dredging;

In-stream  and  channel  habitat  commensurate  with
requirements  of  a  desirable  sport  fishery  be  created
or  enhanced;

Waste  loads  tributary  to  streams  be  reduced  to  levels
which  will  support  long-term  survival  and  propagation
of  a  desirable  sport  fishery;
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00Plains  river  reaches  be  initially  stocked  with  sound
breeding  populations  of  desirable  sport  fishj

Recreational  opportunities  on  main-stream  rivers,
including  access,  be  improved.

C.          STRATEGY NO.    3:

Under  Strategy  No.   3,   secondary  treatment  will  be  required  of
all  existing  plains  area  dischargers.    The  strategy  does  not
include  flow  augmentation.     In  the  reach  of  the  Poudre  between
the  mouth  of  the  canyon  and  Fort  Collins  Sewage  Treatment  Plant
Number  I,   fish  stocking  and  Stream  engineering  will  be  included.
Fish  stocking  will  be  limited  to  the  area  upstream  of  Fort
Collins  and  certain  areas  of  the  Big  Thompson  upstream  of
I.oveland,   but  below  the  mouth  of  the  canyon.     Stream  engineering
would  also  be  included  in  these  reaches.     Planning  and  coordina-
tion  of  local,   state  and  federal  recreational  programs  would  be
accelerated  to  enhance  the  opportunity  for  public  utilization
of  these  areas.     Below  Fort  Collins  Sewage  Treatment  Plant
Number  I  on  the  Poudre  and  the  Louden  Ditch  on  the  Big  Thomp§on,
no  effort  will  be  made  to  upgrade  the  existing  fishery.    A
coordinated  water  quality,  quantity  and  biological  monitoring
program  will  be  implemented  to  assure  the  necessary  margin  of
safety  of  existing  aquatic  life  and  obtain  useful  information
to  further  plan  water  quality  control  measures.

D.          STRATEGY   NO. 4:

Strategy  No.   4  requires  all  discharges  meet  secondary  treatment
standards.     Control  measures  would  be  undertaken  for  non-point
sources  which  would  maintain  the  integrity  of  the  existing
fishery.     There  would  be  no  fish  stocking  or  stream  engineering
in  the  plains  area  streams.

Conclusions : Section  6.0

I.       An  alternative  technical  strategy  which  meets  numerical
water  quality  standards  through  application  of  strict
point  source  controls  above   (Strategry  #1)   will  be  extreme-
ly  expensive  to  municipal  and  industrial  dischargers  and
will  not  have  any  noticeable  ef feet  on  the  existing  benefi-
cial  uses,  including  aquatic  life,  in  the  plains  area  of
the  Region.

2.       The  potential  exists  for  creating  a  diversified  sport
fishery  in  the  plains  area  of  the  Cache  la  Poudre  and  Big
Thompson  Rivers  through  a  program  of  flow  augmentation,
stream  engineering,   fish  stocking  and  dredging.    While
this  may  be  a  desirable  long-term  goal  for  the  Region,
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3.

4.

5.

6.

much  additional  inforlnation  is  needed  to  determine  the
feasibility  of  this  goal  and  the  benefits  to  be  derived
from  extremely  high  expenditures  for  point  source  control
and  purchase  of  water  for  flow  augmentation.

Upgrading  of  f isheries  through  a  program  of  stream  engine-
ering  and  fish  stocking,   and  possibly  altered  water  manage-
ment  Strategies  in  areas  on  the  Big  Thompson  River  between
Loveland  and  the  mouth  of  the  Big  Thompson  Canyon,   and
Fort  Collins  and  the  mouth  of  the  Cache  la  Poudre  Canyon,
appear  to  be  feasible.     Additional  research  is  recommended
along  with  f ield  testing  to  determine  the  actual  feasibility
of  these  measures.

Secondary  treatment  is  recommended  for  all  municipal  and
industrial  dischargers  in  the  plains  area.    Based  on  data
and  information  available  and  ongoing  programs  to  upgrade
waste  treatment  capabilities,   secondary  treatment  will
provide  adequate  protection  of  beneficial  uses  in  these
areas  of  the  Region.    Higher  levels  of  wastewater  treat-
ment  are  not  justified.

A  regional  water  quality  monitoring  program  should  be
established  which  includes  not  only  chemical  and  physical
data,  but  also  biosurveys  and  bioassays  to  determine
future  in-Stream  levels  of  protection  within  the  Region.

Common  elements  assumed  to  be  incorporated  in  any  pollution
control  strategy  for  the  Larimer-Weld  Region  include:

a.       Continued  enforcement  of  feedlot  regulations  and
operation  of  pollution  control  facilities  by  feedlot
operators .

b.       A  program  of  agricultural  pollution  control  in  the
Region  to  the  control,` to  the  extent  feasible,  dis-
chargers  of  salinity,  nitrates  and  sediment  to  rivers
of  the  Region.     This  program  is  heavily  dependent
upon  federal  funding  for  implementation  on  a  demon-
stration  basis.     Full  implementation  can  come  only
after  control  measures  are  proved  to  be  cost-
effective  and  necessary.

c.       Development  and  implementation  of  an  urban  runoff
pollution  control  program  in  the  Region.

d.       Development  of  pollution  control  program  from  other
non-point  sources  including  construction,  silvicul-
tural  activities,  septic  tanks  and  leachfields,
solid/  hazardous  waste  disposal.

i-18



e.       Maintenance  of  high  quality  of  mountain  streams  in
the  Region.

Implementation  of  the  Larimer-Weld  208  Program  requires  adoption
of  a  set  of  stream  classification  standards  and  implementation
of  a  water  quality  monitoring  program  in  the  future.     These  are
described  in  Section  7.2.i  of  this  report.

1.2.6             Costs Versus Benefits in  Water
The  cost  of  technical  alternatives
• -J!   _I  _  I

Qualit Control
____  __   ..~..I,iiai  aiternacIves  to  meet  1983  goals  ranges

widely  among  the  four  strategies  presented  above.     Strategy  No.
I  has  the  highest  capital  expenditure  in  terms  of  advanced
waste  treatment  to  meet  water  quality  standards  presently  in
effect.    Attainment  of  those  standards  will  not  result  in  a
measurable  alteration  of  the  existing  aquatic  life  system
existent  in  the  rivers  and  streams  of  the  plains  area  of  the
I.arimer-Weld  Region  or  enhance  recreational  opportunities.
Thus,   the  high  cost  appears  to  be  without  benefit.

Strategy
not  Only _   __   __ ,..,..  wqoLt=   [reatlTLen€   tor  municipal   andindustrial  dischargers  but  also  the  cost  of  stream  engineering,
construction  of  fish  habitat,   and  flow  augmentation.     It  is
believed  that  this  strategy  would  provide  opportunities  for
alteration  of  aquatic  life  in  the  plains  area  streams.    The
cost  is  high  in  terms  of  both  capital  construction  for  advanced
waste  treatment  plans  and  purchase  of  water  for  flow  augmentation.
Obtaining  public  access  to  these  newly  created  fisheries  essen-
tially  would  be  another  problem  which  would  detract  from  the
benefits  derived  from  water  quality  improvement.     Historically,
most  of  the  fishing  and  water  based  recreation  in  the  Region  i§
in  high  mountain  streams  and  reservoirs  in  the  foothills  and
plains  areas.     The  benefits  of  upgrading  the  fisheries  and
improving  access  to  the  rivers  as  opposed  to  investing  funds  to
improve  the  fisheries  in  reservoirs  as  well  as  public  facilities
and  access  to  reservoir  sites  is  highly  questionable.

Strategy  No.   3  will  meet  the  1983  goals  in  terms  of  providing
fishable/swirmable  conditions  where  attainable.     Advanced  waste
treatment  is  not  required  on  any  of  the  plaiins  area  streams,
primarily  due  to  lack  of  benefits  to  be  derived  from  requiring
advanced  waste  treatment.     Conditions  existent  in  those  streams
indicate  that  advanced  waste  treatment  or  improvement  of  water
quality  conditions  would  have  essentially  no  significant  effect
on  aquatic  life  within  the  plains  streams  now.     Strategy  No.   3
also  calls  for  federal  and  state  cooperation  in  creating  fisheries
upstream  of  Fort  Collins  and  Ijoveland  to  provide  increased
opportunity  for  recreational  and  fishery  use  of  the  Streams
closer  to  population  centers.     Some  additional  research  and
development  will  be  required  to  insure  the  success  of  that
program  and  to  examine  its  feasibility.

No.   2  is  the  most  expensive  alternative  and  includes
the  cost  of  advaned  waste  treatment  for  municipal  an
I   dischartTare   T`I.+    al^^   ILt._    __    .        .
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Strategy  No.   4  calls  for  secondary  treatment  throughout  the
plains  area.     It  is  essentially  the  same  plan  as  Strategy  No.   3
except  that  no  fisheries  are  created  upstream  of  Fort  Collins
and  Loveland.

i.2.7            vy_i|lingness   to  Pay   for   Increased  Water  Qual_icy_

A  Survey  conducted  independently  of  the  208  planning  process
indicates  that  urban  residents  are  willing  to  make  expenditures
to  improve  water  quality  providing  there  is  a  corresponding
benefit  in  terms  of  enhanced  enjoyment  of  water  based  recreational
activities,  and  preservation  of  a  natural  ecosystem,  and  its
bequest  to  future  generations   (see  Section  4.0) .

The  preferred  method  of  payment  for  improved  water  quality  was
an  increase  in  sales  tax  as  compared  to  an  increase  in  water
and  sewer  bills.     The  reasoning  behind  this  is  inferred  to  be
that  everyone,   including  tourists,  pays  sales  tax,  and  the  cost
of  improved  water  quality  would  be  shared  by  more  of  those  who
benefit,

In  examining  the  four  alternative  strategies  developed  in  the
Larimer-Weld  208  planning  process,   and  their  impacts  on  water
quality  improvement,  there  may  not  be  full  understanding  on  the
part  of  potential  recreational  users  that  all  of  their  expecta-
tions  for  increased  water  quality  could  be  satisified,   i.e.,
large  expenditures  for  point  and  non-point  source  pollution
control  for  rivers  of  the  Region  may  not  result  in  visible
water  quality  improvement  or  enhanced  enjoyment  of  water  based
recreational  activities,  which  respondents  to  the  survey  were
anticipating.     Future  208  planning  will  focus  on  water  quality
management  planning  for  reservoirs,   and  the  corresponding  bene-
fits  of  such  water  quality  improvement  at  reservoir  sites.
That  planning  must  consider  the  fact  that  reservoirs  provide
practically  all  of  the  water  based  recreation  available  to  the
public  in  the  Region  and  twenty-five  percent  of  the  total  water
based  recreation  available  to  the  State.

1. 3      SUMMARY   OF   RECO"ENDATIONS

1. 3.1            Recommended  iechnical  strate

Strategy  No.   3  has  been  selected  as  the  recommended  technical
strategy.     The  strategy  would  include  secondary  treatment  at
all  municipal  treatment  plants  in  the  plains  area  as  well  as
best  practical  treatment  and  best  available  treatment  on  a  time
phase  basis  at  industrial  sites.     Strategy  No.   3  is  recommended
primarily  due  to  the  corresponding  costs  and  benefits  derived
and  the  possibility  of  enhancing  fishing  and  recreational
aspects  of  the  Cache  la  Poudre  and  Big  Thompson  Rivers  upstream
of  Fort  Collins  and  Loveland.
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i.3.2 Stream Classifications for Beneficial Uses
The  Areawide  Technical  Plan  outlines  the  process  and  rationale
for  developing  a  set  of  stream  classifications  criteria  and
standards  for  beneficial  uses  of  water.    At  the  request  of  the
Colorado  Water  Quality  Control  Commission,   LWRCOG  was  asked  to
make  recommended  stream  classifications  to  water  bodies  in  the
Larimer-Weld  Region.     This  was  undertaken  as  a  separate,  but
integral,   part  of  the  208  planning  process.     The  recommended
Stream  classifications  take  into  account  the  past,  present  and
anticipated  uses  of  water  bodies  in  the  Region  for  the  next  20
years  and  recommend  levels  of  water  quality  suitable  for  these
uses.     Generally,   the  recommended  classifications  prescribe
preservation  of  high  levels  of  water  quality  for  the  mountain
and  foothills  regions  suitable  for  recreation,  public  drinking
water  supplies  and  quality  aquatic  habitat  and  agriculture.
For  the  plains  areas,   the  recommendations  recognize  the  §ignifi-
canoe  of  water  quantity/water  quality  relationships  and  the
physical  constraints  to  the  aquatic  ecosystem.    The  plains
streams  are  recommended  to  be  suitable  for  agriculture,  recreation
and  aquatic  life.

Reservoirs  and  groundwater  resources  are  proposed  for  deferred
classification  pending  further  investigation  of  existing  water
quality  and  assessment  of  past,  present  and  anticipated  bene-
ficial  uses.     Detailed  recommendations  for  stream  classifications
are  contained  in  Section  7.2.I.

I.3.3         WL±±e±_Qual_ity MQnitoring  £±j±ys±s_ P±
The  recommended  water  quality  monitoring  program  is  included  as
an  integral  part  of  continued  208  planning.     The  objectives  of
the  program  include:

1.       Define  the  impact  of  stream  point  source  discharges
on  water  quality  within  the  Region;

2.       Define  the  impacts  of  non-point  sources  such  as
agriculture,  silviculture,  mining,  urban  runoff ,
septic  tanks  and  leach fields,   and  natural  background
conditions  on  water  quality;

3.       Define  the  relationships  between  non-point  source
pollution,  natural  background  pollution  and  point
source  pollution  in  the  Region;

4. Define  the  relationship  between  water  quality  para-
meters  which  can  be  measured  and  the  beneficial  uses
of  water  recognized  in  the  Region;
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5.       Provide  the  basis  for  evaluating  the  effectiveness  of
measures  implemented  by  municipalities  and  industries
and  others  involved  in  pollution  control  in  the
Region;

6.

7.

8.

Provide  an  indication  as  to  degree  of  pollution  of
groundwater  supplies  in  the  Region  and  the  signifi-
cance  on  beneficial  uses,   future  trends  and  sources
of  pollution;

Provide  the  data  necessary  to  insure  protection  of
beneficial  uses  in  the  Region;

Provide  the  data  necessary  to  indicate  trends  in
water  quality.

e  recorrmended  water  quality  monitoring  program  will  constitute
e  basis  for  future  planning  activities  as  well  as  investment
pollution  control  facilities  within  the  Region.    Establishment
the  monitoring  program,  which  will  include  cooperative_  .            _       _ __  __,   _  _         _ I  ___ I _ _

programs  among  fad-erai  agencies,   state  agencies,  planning
agencies,  municipalities  and  industries,  will  insure  a  fact-
based  decision  process  to  guide  pollution  control  planning,
management  and  operation  and  regulation  in  the  future.

I.3.4           Future  plannin Efforts

The  208  Plan  recognizes  that  the  initial  round  of  planning  does
not  provide  all  of  the  answers  to  all  of  the  questions  regarding
pollutants  and  pollution  control  within  the  Region.    Additional
planning  is  needed,  particularly  in  the  area  of  non-point
sources  such  as  silviculture,  urban  runoff ,  septic  tanks  and
leachfields,  and  non-irrigated  agriculture.    A  fundamental
element  of  the  Larimer-Weld  208  planning  process  is  that  planning
for  these  pollutant  sources  must  be  completed  prior  to  implemen-
tation  of  pollution  control  measures  to  control  these  sources.
Adequate  planning  will  enable  determination  of  cost-ef fectiveness
of  those  measures  prior  to  implementation,  a§  well  as  the
specif ic  ef fects  of  these  measures  in  terms  of  costs  and  benefits
a§  applied  to  specific  cases  within  the  Region.

i. 3.5           Additional  Research,   Develo ment  and  Demonstration

Additional  research  and  development  will  be  needed  in  some
areas  prior  to  implementation  of  pollution  control  measures.
In  particular,  demonstration  projects  are  recommended  in  the
Little  Thompson  and  Lone  Tree  Creek  basins  to  determine  the
cost  ef fectiveness  of  best  management  practices  for  irrigated
agriculture.    Additionally,  demonstration  projects  may  be
required  in  the  future  to  test  the  ef fectiveness  of  pollution
control  measures,  whether  Structural  or  non-structural,  for
silvicultural  activities  and  recreational  use  of  the  forests,
and  urban  runoff  control.    Assessment  of  future  research  and
development  will  be  included  in  the  continued  planning  process.
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2.0      EXISTING   AND PROJECTED WATER QUALITY   AND IMPACTING FACTORS
The  chemical  composition  of  natural  water  is  derived  from  many
different  sources  of  salutes,   including  gases  and  aerosols  from  the
atmosphere,  weathering  and  erosion  of  rocks  and  soil,   solution  or

g::g::::a:i::a::a::::::i::c::::ga:::3:tE:: ::n:a:uTf::: , |g,g) .
Natural  waters  are  never  pure.     They  are  in  fact  dilute  aqueous
solutions  of  a  mixed  and  complex  character.     Human  influences  which
af fect  water  quality  in  the  Larimer-Weld  region  include  municipal
and  industrial  point  source  discharges,  and  urban  runoff,   livestock
feeding  operations,  irrigated  agriculture,  and  a  variety  of  other
nonpoint  sources.

Point  sources  have  been  inventoried  in  Interim  WQMP  Report  No.
!€:±!±±fr±  ¥  Industrial  Point  Source  Analvsi+a.  wae+a ,.,. I__  in__EEEEE EE ntenance Wastewater
EH3EFan¥p.r.8±='5E=.a";=sE=#EEE§E§£EE;ct::i:t±:giiEEE¥:=
adequacy  of  treatment  facilities,   and  developed  procrrams  for
tAra+ar    e`7e+amz.    -`-~__1]_.___     _      -

.     ______    _..]=_ ..., +`,.|®         ruLLu[L{JI]agriculture  wera-examined  in  two  separate  reports
Report  No.   15,   Concentrated  Animal  Feedina  nnar]+

Treatment

water  s}stems  upgrading  and  expansion.     Pollutional  aspects  of_   _____   ___ .... LEO,   aiiu  uevei.opea  programs   for  waste-

acTriculLure   tA7ara   avami.^A   i_   i___
Interim  WQMP

OperationWQMP   Report   No.
Nonpoint  sources
E9ap_P± Source

Water
been  revi

Control •ALlalys_±

S,   and

and   Recommendations

Interimim-p3ng
Point  sources  of  pollution  are  normally  discharged  in  a  relativel.y
controlled  mannerj  methods  of  monitoring  and  measurement  prior  to
release   to   an   ac]i]a+ir   ati`rl.-^hm^.-__1._   ___,

_  ,   _..__..__~   v ..., ui.iiuiiLli9   anci  measurement  prior   to
an  aquatic  environment  make  water  quality  assessments
precise.     In  contrast,   the  diffuse  nature  of  nonpoint
pollution  makes  assessment  of  their  character,  magnitude,
extremely  difficult.     Efforts  which  seek  to  define  the

rj=+a   -i   ---'.'   ___. ___.  _

relatively
sources  of
and  impacts _,       ___~...   y,,LL,I.I   at=cil   T=u   Qerlne   cnenature  and  rate  of  mass  emissions  associated  with  nonpoint  sources
are  inherently  costly  and  time  consuming.

A  comprehensive  surveillance  system  must  be  established  in  order  to
define  base-line  conditions  of  natural  water  quality,  against  which
incremental  impacts  of  nonpoint  pollution  can  be  compared.     The
financial  resources  available  to  the  I.arimer-Weld  region  during  the
course  of  208  water  quality  management  planning  permitted  analysis
of  nonpoint  sources  at  a  reconnaissance  level  only.     With  the
exception  of  irrigated  agriculture,   assessment  of  mass  emissions
and  probable  impacts  was  achieved  in  generalized  terms,   unless
existing  monitoring  programs  or  available  data  permitted  a  more
definitive  evaluation.     In  the  region,  the  results  of  past  research
and  data  gathering  have  not  generally  been  adequate  for  sophisti-
cated  nonpoint  pollution  impact  assessment.     The  framework  of  a
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monitoring  program  which  would  generate  the  data  base  needed  to
determine  degree  of  pollution  as  well  as  ef fectiveness  of  control
measures  implemented  in  the  region  will  be  described  in  detail  in
Section  7.0  of  this  report.

Water  quality  considerations  are  but  one  aspect  of  the  total  spec-
t±t;lm  of  in-stream  environment  needed  to  achieve  the  ''fishable/
swimmable"   goal  of  the  Clean  Water  Act.     Improvement  of  water
quality  to  levels  commensurate  with  the  requirements  of  a  desirable
sport  f ishery  will  not  result  in  attainment  unless  a  variety  of
equally-critical  aquatic  habitat  requirements  are  also  created  in
the  Larimer-Weld  region.     Factors  such  as  in-stream  quantity,
presently. regulated  by  the  existing  sys.ten  of  appropriative  use
under  Colorado  Water  Law,   are  an  important  habitat  consideration.
This  and  other  parameters  not  related  to  water  quality  which  af fect
the  attainment  of  the  fishery  goal  are  reviewed  in  Section  4.0.

There  are  literally  hundreds  of  elements,   chemical,  and  radiolo-
gical  compounds,   and  organisms  which  could,   if  persistent  in
sufficient  concentrations,   interfere  with  any  or  all  of  the  major
beneficial  uses  of  water  in  the  region.     However,  only  compara-
tively  few  parameters  are  identifiable  in  surface  and  ground  water
utilizing  standard  testing  procedures.    Even  fewer  are  totally
understood   (outside  of  research  efforts)   as  to  their  source,
method  of  transport,   synergistic  effects   (i.e.,   the  physical,
chemical,  biological  effects  of  a  combination  of  one  or  more
elements  present) ,  ultimate  fate,  and  potential  for  control  or
elimination.    Many  of  these  "pollutants"  are  attributable  to
natural  sources  while  others  are  "released"  or  introduced  because
of  man's  activities  in  or  adjacent  to  water.

2.i      POLLUTANT   SOURCES  -EXISTING   AND   PROJECTED

The  more  significant  sources  of  pollution  in  terms  of  actual  or
potential  degradation  in  the  Larimer-Weld  region  include  municipal
and  industrial  point  sources,   irrigated  agriculture,  and  urban
runoff .     Each  of  these  sources  generates  various  types  of  waste
loads  which  may  impact  regional  water  quality  and  the  beneficial
uses  to  which  such  water  is  applied.

Definition  of  existing  constituent  mass  emission  rates  from  point
and  nonpoint  categories  of  waste  was  accomplished  by  selected  use
of  the  following  methodologies:

o        use  of  historic  point  source  f low  and  quality  discharge
data;

o        application  of  water  quality  sampling  data  activity
collected  as  part  of  the  Larimer-Weld  208  program;
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a0use  of  generalized  analytical  methods  permitting  esti-
mates  and  computations  of  waste  loads;

expansion  of  specific  nonpoint  research  conducted  in  the
I,arimer-Weld  region  to  represent  the  broad  range  of
impacts  from  similar  nonpoint  sources  on  a  regional
level .

The  type  of  analysis  prepared  for  each  category  of  point  or  non-
point  waste  is  reviewed  in  detail  in  the  appropriate  sections  of
Interim  Water  Quality  Management  Reports  which  pertain  to  the
specific  topic   (see  the  accompanying  bibliography  of  this  report)

Assessments  of  future  wasteload  sources  in  the  region  were  evalu-
ated  in  the  following  manner,   as  appropriate:

0 association
projections
Larimer-Weld
Yearrat Growth

Beg_ieE RE

of  unit  mass  emission  rates  with  population
and  f uture  land  use  allocations  clef ined  in

t1,-_--®  _._      ,  _        ,     --              _  _±RE'wasr¥N#Demands  aird

assessment  of  future  trends  in  various  activities,
equated  to  unit  mass  emission  rates  representative  of
that  activity.

2.i.i PO||utants and Beneficial Use   Im airment
Benef icial  uses  of  water  in  the  Larimer-Weld  Region  include  recrea-
tion,   agriculture,   aquatic  life  and  public  water  supply   (See  Section
7.0) .     All  of  these  uses  can  be  impacted  by  point  sources  and  non-
point  sources  to  varying  degrees  due  to  the  discharge  of  specif ic
pollutants  associated  with  each  source.     Table  2.I.I-A  identifies
pollutants  which  may  be  associated  with  major  pollutant  sources.

Pollutants  and  beneficial  uses  to  which  water  may  be  applied  are
not  always  incompatablej   in  fact,   there  are  instances  where  certain
constituents  are  pollutants  to  one  beneficial  use  and  benefits  to
others.     An  example  would  be  the  nitrate  content  of  receiving
water:     it  could  degrade  water  quality  to  the  point  where  it  is
unsuitable  for  drinking;   however,   the  same  nutrient  could  have  a
positive  effect  on  agricultural  crop  production  when  the  water  is
used  for  irrigation.     Other  examples  are  presented  in  Table  2.I.I-8.`

The  table  is  not  intended  to  be  all  inclusive.    Many  other  consti-
tuents  which  characterize  water  quality  in  the  region  have  not  been
adequately  analyzed  to  the  point  where  explicit  definition  is
possible.     While  this  report  and  other  elements  of  the  208  Water
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TABLE  2.1.1-A    Major  Pollutant§  of   the  Larimer-Weld  Region  and  Their  Sources

SOURCES

Parameter Mun. Indu s , Agric . Urban      Runoff Feedlots

BiochemlcalOxygenDemand
X X

X

XX X

Ammonia   2(NI3) X X X

Nitrate   (N03) X XXXX X XXXX

Sediment X X X

Salinity X X X

PhosphorusBacteriaVirusesaChlorineDissolvedaOxygen XXXXX XXX XXX

Pesticides X X

Heavy  Metals X X

Oil/greaseaRadioactiveMateria|aTemperaturea XX XX XX

pHa X X

astandard  set  by  Colorado  I)epartment  of  Health  Water  Quality  Control  Cormi§§ion,

Effective  June  19.   1974.
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TABLE   2.I.1-a      WATER   POLI.UTANTS   AS   RESOURCES

Parameter

Nitrate

Suspended
Solids

Armonla

Chlorine

Phosphate

Florine

Context  in  which
Parameter  is  Viewed

as  Pollutant

Saf e  drinking  water

Drinking  Water,
Aquatic  Biota

Aquatic  Biota

Aquatic  Biota

Aquatic  Biota
Safe  drinking  water

Mottling  of  teeth
•with  high  concen-
trations

Context  in  which
Parameter  is  Viewed

As  Resource

Crop  production

Crop  production

Crop  production

Saf e  drinking  water
and  wastewater
disinfection

Crop  production
Aquaculture

Prevention  of  dental
caries  with  small
concentrations



Quality  Management  Plan  focus  on  major  water  quality  parameters,   the
planning  process  also  establishes  a  long-term  program  for  identi-
fying  and  controlling  other  less  obvious  or  significant  pollutants.

2.i.2           Sources  of  Pollution

Water  quality  in  the  I-arimer-Weld  region  is  determined  by  the
character  and  extent  of  naturally  occurring  sources  of  degradation,
and  by  the  origin,  magnitude,   and  mobility  of  pollution  attribu-
table  to  human  activities.    The  focus  of  this  chapter  is  on  the
later  category,   human  impacts.

2.i.2.I       Municipal  Discharges

Discharges  from  municipal  treatment  facilities  represent  a  major
source  of  wasteload  mass  emissions  which  are  conveyed  to  the
receiving  water  environment.     Municipal  wasteloads  associated  with
existing  and  projected  levels  of  development  are  quantified  in
Table  2.i.2-A  for  dischargers  in  the  I.arimer-Weld  Region.     Figure
2.I.2-A  shows  the  location  of  those  discharges.

Characteristics  and  facilities  needs  of  the  various  municipal
treatment  plants  in  the  two-county  area  were  detailed  in  either  of
two  reports:

o       Mffi+.:±E:Lw3#nEes:::cfoT3±y:±s  „rban  Tr±ap£L.s±±±,

Munici al  and  Industrial  Point  Source  Anal sis,   (Interim
WQMP   Report  No.    6

Wastewater  treatment,   operation,   and  maintenance  requirements  were
formulated  for  a  number  of  alternative  land  use  projections  and
associated  population  distributions,  considering  existing  aquatic
life  classifications  as  well  as  those  representative  of  alternative
water  management  strategies.     This  information  provides  a  portion
of  the  data  base  necessary  to  derive  a  total  cost  for  the  plans
developed  for  consideration  in  Section  6.0  of  this  report.

2.i.2.2       Industrial  Discharges

The  nature  of  industrial  operations  in  the  Larimer-Weld  region  was
examined  in  Interim  WQMP  Report  No.   6,   Municipal  and  Industrial
Point  Source  Analysis.     The  significant  industrial  point  sources  of
pollution  in  the  Larimer-Weld  region  include  development  and
processing  of  photographic  products,  processing  of  sugar  and
molasses,  meat  packing,  nuclear  electric  generation,  gravel  opera-
tions,   and  fish  hatcheries.     In  the  following  discussion,  gravel
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mass  emissions  were  evaluated  in  detail  in  Non-

operations  are  not  included  because  of  variable  flow  characteris-
tics  and  resulting  inaccuracy  of  discharge  rates  and  wasteloads.
Industrial  discharges  to  municipal  wastewater  treatment  systems  are
included  in  the  wagteloads  of  these  municipalities.

Table  2.I.2-a  lists  the  major  industrial  point  sources  of  pollution
in  the  region  and  quantifies  associated  wasteloads  which  are
available  for  transport  to  the  rivers  of  the  region.    Figure
2.i.2-a  indicates  their  location.

2.I.2.3       Urban  Runoff

The  character  and  magnitude  of  urban  runof f  f lows  and  wasteload
rna ---- i  __I _._ _    ___ __

PO||ution
No

Control  -  AnalH)-.--, sis  and
_i__

oint  Source
WQMP

a  major  source  of  pollution_____   __    _   -..- +`--    -`+wL-5   uL    EJUJ-JLu[|OIlbecause  of  the  relatively  large  area  from  which  it  originates  and
the  "shock"  load  impact  to  receiving  streams  initiated  by  the
flushing  of  wastes  from  the  urban  environment.

Urban  runof f  wasteloads  are  emitted  in  signif icant  proportions  from
the  three  larger  municipalities  of  the  area.    These  wasteloads  are
presented  in  Table  2.I.2-C.

In  addition  to  the  constituents  presented  in  Table  2.I.2-C,  many
other  pollutants  can  be  associated  with  urban  runoff .     Such  pollu-
tants  include  tire  particles,  direct,  rust,  vegetation,  abestos,
miscellaneous  petroleum  products,   fecal  matter  from  domestic
animals,  and  other  constituents  than  can  be  distributed  to  the
atmosphere  or  spilled,  deposited  or  disbursed  on  urban  lands.

Any  urban  activity  that  can  distribute  material  to  the  atmosphere
can  result  in  dust fall.    Runoff  from  urban  areas  transports  dust-
fall  to  the  waters  of  the  region.

TABLE   2.I.2-C   -WASTELOADS   FROM   UREAN   RUNOFF

-_:=::==:----=:-===:i--===--:-:-::I-
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2.i.2.4       Irrigated  Agriculture

Irrigated  agriculture  has  been  the  cornerstone  of  the  economy  in
the  Larimer-Weld  Region  since  the   1870's.     There  are  approximately
500,000  acres  of  irrigated  land  in  the  Region.     Irrigation  has  made
the  Larimer-Weld  Region  one  of  the  most  productive  agricultural
regions  in  the  United  States.     Value  of  all  crops  produced  in  the
Region  was  approximately   S173  million   in   1975.

Interim  WQMP   Report  No.

:::::::::-:-:-:
22,   Water

documents  the  charac
Quality  Impacts  of  Irrigated

ter  and  extent  ofiollution
to  irrigated  agriculture  in  the  two-county  area.

Degradation  resulting  from  sediment,   salt,   and  nutrient  contribu-
tions  from  irrigated  agriculture  represent  the  water  quality
parameters  of  principal  concern  in  the  region.     Total  dissolved
solids  content  of  ground  water  and  receiving  streams  is  typically
elevated  by  the  leaching  fraction  of  applied  water  and  by  seepage
from  canals  and  reservoirs.     The  problem  is  especially  pronounced
when  percolating  f lows  are  hydraulically  contiguous  with  naturally
occurring  saline  outcrops  or  shale  formations.     Nitrate  impairment
of  ground  or  surface  waters  results  from  over-fertilization  of
agricultural  lands,  or  when  the  nutrient  value  of  manure  applied
to  cropland  is  excessively  supplemented  with  commercial  fertilizers
Herbicides  and  insecticides  can  also  impact  water  quality;   however,
associated  problems  identified  in  the  region  do  not  appear  to  be
significant.

2.i.2.5       Concentrated  Animal  Feeding  Operations

There  are  f ive  avenues  of  transport  by  which  wastes  associated
with  confined  livestock  feeding  operations  can  potentially  impact
ground  or  surface  waters:

0

overland  runoff  from  a  feedlot;

deep  percolation  of  waste  materials  generated  in  a
feedlot  to  ground  water;

leaching  of  constituents  associated  with  manure  to
ground  water  when  manure  is  applied  to  cropland  at  rates
which  establish  residual  concentrations  in  excess  of  the
uptake  ability  of  crops;

overland  runof f  from  agricultural  f ields  used  to  accom-
modate  manure  as  fertilizer;

release  of  urinary  nitrogen  excreted  on  a  feedlot  directly
to  the  air  in  the  form  of  ammonia,   and  subsequent  intro-
duction  to  a  receiving  water.
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Characteristics  and  practices  associated  with  the  livestock
industry  in   the   two-coun+_v  at-aa   ..7,ara   -.h ,--- i ----.--.-.        _  _____   __~_..L+Lcu   WLLH   T=ne   I.|vestock   feeding

two-county  area  were  inventoried  in  Interim  WQMP
C)ncentrated  Animal   Feedinrr  nr`arj]+..^-I          .-..REes8ngz:d Waste

Report  No.   15,   ConMasi and
pbeActual  water

through  which
mented.     The

Ource .,.+a   I.t=pol.c   anal.yzed  theFeEwiEErfee=E=a±=E±i  and  regional  water  quality.
quality  degradation  attributable  to  +_hp  fi`7a  in^~I _      I,      .
_.____.z   ..I,+auaiiuH  cittrlDucabJ.e  to  the  five  machanisms
feedlot  pollutants  can  be  given  mobility  was  docu-

following  are  conclusions  of  the  feedlot  review:
o         The  on-going  program  implemented  by  the  State  Department

of  Health  has  been  extremely  effective  in  curtailing
wastewater  transport  from  confined  feeding  operations.
Due  to  the  presence  of  natural  or  conventional  runof f
€ontrol  measures  on  most  feedlots  of  significance,|mpact  to  surface  water  quality  is  considered  to  be
extremely  minor;

0

0

.., 50   LLULLL  pen  areas  of   continuously  us=d   feedlots
generally  negligible.     This  relates  to  the  presence
relatively  impermeable  layer  that  forms  at  the  manure-
soil  interface.     Wastes  leached  to  ground  water  from
abandoned  or  intermittently  used  feedlots  pose  a  threat
to  water  quality  in  localized  areas.

Manure  disposal  rates  presently  employed  in  the  region
appear  to  be  generally  acceptable  from  the  standpoint  of
maintaining  integrity  of  underlying  ground  water.
However,   long-term  manure  loading  implemented  on  some
fields  is  conducive  to  ground  water  quality  degradation.
I.ocalized  problems  are  also  created  when  the  nutrient
Value  of  manure  is  excessively  supplemented  with  commercial
fertili zers .
Airborne  ammonia  from  cattle  feedlots  may  contribute  to
nitrogen  enrichment  of  rivers,   lakes,   and  reservoirs.
No  water  quality  problems  attributable  to  this  source
have  been  docunented  in  the  region.

Ground  water  degradation  resulting  from  percolation
wastes   from   pen   areas   Of   cori+_ir`iiniic=1v   -I-^J   I:---||  -.

2.i.2.6       Other  Sources

Other  pollution  sources  include  septic  tanks  and  leach fields,
solid  wastes  disposal,   construction,   silviculture  and  other
forest   u§e§.   and   rac!|.i„al   ..._I_   ____

__I_____,   ~v ..,- iLu-I.I.u[L,   sl[.vlcuJ.ture   and  other
uses'   and   residual   waste  manaaamer`+        T^T£+^-~---I-.I--

:i::g?rtTg3i.a]3'1± Source

___,   w.,u  LcOLILuciL   wasce  management.     water  quality   impli-
to  the  region  from  these  activities  and  practices  are
in   Interim  WQMP   Report   No.    IQ.   TIT^ri_r`^i ----------.-

Control  -ons.     Table   2. I:TZ=i5iaEHtIEIE==pEE-s-==E+
E¥ions  associated  with  septic  tanks  and
-    I _t_ .  _

cations
analyzed
Anal sis  and

uture  wa
Recormenda

Jleach fields.     Data  in  this  table  represent  approximate  wasteloadsI   __,_____...   w.-v-Lai.t=u   wi.I:[i   septlc   tanks   and

developed  from  estimated  septic  tank  usage  in  the  Region.
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_  _____ ..,.. `.+.I..|ILaL.Lull,    ancLting  from  this  disaster  was  quite  severe.     It  may
natural  processes  of  sediment  transport  and  bio-

.,i  1  I      -,__JL-.__      ,  ,_         ,.,,           _

Degradation  of  water  quality  attributable  to  naturally  occurring
sources  in  the  Iiarimer-Weld  area  may  be  substantial.     Sediment
appears  to  be  the  most  significant  parameter  of  concern  on  a
regional  basis.     This  is  demonstrated  by  the  devastating  effect  of
the  Big  Thompson  f lood  on  the  character  of  the  canyon  and  in
reaches  down-stream.     Erosion,   siltation,   sedimentation,   and
deposition  resultincr   frnm  +hia   a ..-- |JL ------..
be  years  before
logical  activity
Thompson  in  its
in  the  drainage

___,_.._     ..`-.,I,7t:+`+L I.    aJI`+    JJLwill  restore  the  benthic  integrity  of  the  Big
ear!h   +hr^ii.,h   i-t`^   _._.._._reach  through  the  canyon.     Sedimentation  occurring_     _--__I.-'.I    ``L     I-JLE   JJL9

of  the  North  Fork  of  the  Cache  la  Poudre  is  al.gn
i  -i  L-..      ____  ,        \1         -\pronounced.     Salinity  contributions  from  saline  outcrops  and

__._  .,... „  Lv,I.I`  uL   L[ie  iacne   I.a  poudre   is   also

formations  of  Pierre  Shale  in  the  region  may  also  lead  to  the
creation  of  water  quality  problems  on  a  more  localized  basis.

It  is  difficult  to  quantify  the  extent  of  naturally  occurring
degradation  in  the  two-county  area  in  terms  of  overall  impact  on
water  quality.     Background  levels  of  water  quality  can  only  be
determined  through  analysis  based  on  data  provided  by  a  sophisti-
cated  regional  monitoring  program.     To  date,   surveillance  activity
conducted  in  the  region  has  not  generated  information  of  the  type
or  detail  required  to  document  in-stream  baseline  water  quality
conditions.     An  integrated  program  of  regional  monitoring  is
needed  in  order  to  differentiate  among  the  quality  impacts  attri-
butable  to  natural  sources  of  degradation  and  various  hunan-
related  activities.     Features  of  such  a  program  are  described  in
Section  7.0  of  this  report.

2.I. 3           Relative Contribution of PO||utants
In  order  to  formulate  a  proper  perspective  on  the  relation  of
individual  waste  generation  from  various  sources  to  overall  stream
loading,   the  parameters  of  biochemical  oxygen  demand,   suspended
solids,   total  nitrogen,  and  salinity  were  selected  for  comparative
analysis.     Table  2.I.3-A  presents  the  contribution  by  each  source.
Municipal  sources  contribute  most  of  the  biochemical  oxygen  demanding
substances  to  the  region's  waters  while  irrigated  agriculture
contributes  most  of  the  suspended  solids,  nitrogen,   and  salts.
Table  2.I.3-8  shows  the  contribution  by  percentage.

These  trends  are  consistent  with  data  developed  for  each  basin,
although  the  impact  from  each  source  varies  with  the  degree  of
urbanization.     Table  2.I.3-C  shows  the  total  suspended  solids
wasteloads  applied  to  each  basin  presently  and  those  projected  for
Year  2000  by  major  pollutant  source.     Table  2.I.3-D  and  Table
2.I.3-E  present  similar  data  for  BODS  and  total  dissolved  solids
respectively.
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TABLE   2.i.3-A        mass   EMISSION   RATES   FROM   POINT   AND
NONPOINT   SOURCES   IN   THE   LARIMER-
WELD   REGION

WASTE   SOURCE

TOTAL   POLLUTANT   LOAD
(tons  per  year)  (a)

BOD5
SUSPENDEDSOLIDS TOTALNITROGEN

TDS

Municipal 2 ,160 2,670 1'430 60,000

Industrial 530 570 660 18 , 600

Subtotal  -  Point
2,690 3,240 2,090 79,400Source

Irrigated  Agriculture 0 18 , 200 2 , 020 980,000

Feedlots 667 5,770 265 430

Urban  Runoff 140 2,090 22 1'890

Miscellaneous 42 17 11 ilo

Subtotal  -  Nonpoint
849 26 ' 077 2 , 318 982'430Source

TOTAL * 3,540 29 , 320 4 ,410 i+060 ,000

(a)      Year  2000   development.     Comparative   analysis   for  1975/2000
is  presented  in  Tables   2.i.3-C,   2.i.3-D  and  2.i.3-E  for
TDS,   BODS   and  Suspended  Solids   respectively.

*  Column  totals  may  not  be  exact  due  to  rounding.
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TABI.E   2.i. 3-a            DISTRIBUTION   OF   POI.I.UTANTS
IN   "E   LARIMER-WELD   REGION

PERCENT   OF   TOTAI.   POIiliuTANT   LOAD    (a)

WASTE   SOURCE 5 SPENDEDSOLIDS TOTALNITROGEN SALTS

Municipal 61 9 32 6
Industrial 15 2 15 2

Subtotal  -PointSource
76 11 47 8

Irrigated  Ag. 0 62 46 92
Feedlots 19 20 6 <1
Urban   Runoff 4 7 i <1
Miscellaneous i i i <1

Subtotal   -NonpointSource
24 89 53 92

TOTAL* loo loo loo loo

(a)      Year  2000   development.

*     Column  totals  may  not  be  exact  due  to  rounding.
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_-    __    _ ---- _--`-`-`^   ..J[and  duration  of  the  efi§ting  data  base  and  monitoring
and  limited  knowledge  of  actual  water  quality  inputs
uses.     Although  there  are  a  number  of  agencies  which

\_   _,.   .+

2.2      DESCRIPTION   OF   EXISTING   WATER   QUALITY   CONDITIONS

Definition  of  existing  water  quality  is  inhibited  by  the  nature
and    JJ,,.a-I ,.--- JE=    i,_ _            ,     ,   ,

programs ,
on  beneficial_____,      .._...v.¥„   LL,cL5   ale   a  liulLiL]er   OE   agencies  which   sample   surface

water  quality,   the  methods  used  vary  from  agency  to  agency  with
regard  to  period  of  record,   sampling  location,  and  parameters
analyzed.     Often  available  data  were  derived  from  single  purpose
sampling  activities.     Data  deficiencies  are  docunented  in  the
detailed  review  of  regional  monitoring  programs  prepared  in  con-
i,1-I-Li-_   ---. Lt-ILL_     ^---junction  with  the
South  Platte

tants ,
River
Inc. ,

3#sE=E==£=:E€:;=p=±=E±o§u:±±t¥:*EEE=i:i-t'E±.
Ej74T.

In  order  to  augment  the  existing  data  base  with  respect  to  regional
water  quality,   a  sampling  program  was  initiated  in  1976  in  support
of  the  208  Water  Quality  Management  Planning  Program.     This  program
was  conducted  to  overcome  some  of  the  inadequacies  of  existing
data,   and  to  provide  a  base  for  initiating  208  planning.     Results
of  the  sampling  program  are  presented  graphically  in  this  section.
Such  data  also  served  to  calibrate  the  Pioneer  I  Water  Quality

Model,  developed  by  EPA  for  application  to  drainages  of  the  South
I)1  -LL-I__-.._            -__  ,   _      ,        --_--_    _Platte  basin.     Interim  WQMP  Report  No.   20,  Wasteload  Al.1 +       _  _  __-__ ----    _-_-+*\-a-,a    +I+

EL¥:¥:Modelin -Ma or  Rivers  i
sthe processes  and  cone

shown ,

2.2.I           Cache  la  Poudre  River

nthe
location

Larime r-Weld
associated  withcne  modeling  effort.    Water  quality  conditions  depicted  in  this

section  are  based  on  an  extremely  limited  set  of  data  representative
of  a  single  low  flow  period.     Variations  in  flow,  discharge  quanti-
ties,  return  flow  volume  or  operational  diversions  which  occur
daily  and  seasonally,  will  modify  the  water  quality  conditions
-I---_

The  Cache  la  Poudre  River  in  its  reach  through  the  plains  accom-
modates  the  largest  number  of  municipal  and  industrial  discharges
of  any  river  within  the  region   (see  Interim  WQMP  Report  No.   6,   and
Interim  WQMP  Report  No.   24) .     With  the  exception  of  sediment
contributions  purveyed  through  the  North  Fork,  human-related
activities  exert  the  most  pronounced  impact  on  in-stream  water
quality.
2.2.i.i      Existing  conditions

Stream  flow  characteristics  on  the  Cache  la  Poudre  are  identified
on  Figure  2.2.I-A  for  a  low-flow  condition   (1972) ,   and  for  a
period  coincident  with  the  208  sampling  program   (1976)  in  Figure
2 . 2 . i-A| .

2-25



_,C.   ,





Figures  2.2.I-8  through  2.2.1-E  depict  existing  water  quality
conditions  on  the  Cache  la  Poudre  River.     Nitrate,   suspended
solids  and  salinity  levels  exhibit  a  generally  increasing  trend  in
a  down-stream  direction.    In-strean  ~onia  concentrations  reflect
the  location  and  magnitude  of  municipal  discharges.    Water  quality
characteristics  are  strongly  influenced  by  the  system  of  diversions
fran  the  river   (which  may  deplete  all  available  main-stem  f low  at
various  locations)   and  are  controlled  by  the  numerous  sources  of
returns  and  discharges   (which  comprise  essentially  all  river  f low
in  many  down-stream  reaches) .     Return  flows  to  the  Cache  la  Poudre
are  estimated  at  150  MGD,   as  compared  to  25  MGD  discharged  by
municipal  and  industrial  sources.

2.2.2              Bi Thorn son  River

Waste  discharges  to  the  Big  Thompson  River  are  largely  contributed
by  municipal  and  industrial  sources.    A  large  portion  of  the  urban
runof f  generated  by  the  City  of  I,oveland  is  eventually  routed  to
irrigation  ditches,  I.ake  Loveland,  or  other  hydraulically  contiguous
reservoirs,   and  does  not  impact  the  Big  Thompson  River  directly.
Water  quality  in  the  foregoing  conveyance/  storage  facilities  is
affected,  however.

2.2.2.1       Existing  conditions

Character  of  the  hydrologic  regime  is  depicted  in  Figure  2.2.2-A
for  a  condition  of  low-flow,   1972.     The  existing  in-§trean  water
quality  i§  presented  in  Figure  2.2.2-a  for  ammonia  and  dissolved
oxygen;   Figure  2.2.2-C,   for  salinity;   and  Figure  2.2.2-D,   for
nitrates.    As  with  the  Cache  la  Poudre,   in-stream  quality  for  the
Big  Thompson  reflects  river  management,  water  supply,   and  agricul-
tural  diversion.    Nitrates  and  salinity  also  exhibit  a  generalized
increasing  down-stream  trend.    Agricultural  return  flows  are
estimated  at  15  MGD  versus  44  MGD  for  municipal  and  industrial
sources .

2.2.3            Little  Thorn son  River

The  Little  Thompson  River  i§  a  major  tributary  of  the  Big  Thompson,
with  the  confluence  situated  near  the  Town  of  Milliken.     The
Little  Thompson  is  intensely  managed  for  agriculture  in  a  manner
similar  to  that  of  other  streams  traversing  the  plains  area  of  the
Larimer-Weld  region.     During  late  summer,  up-stream  native  flow  in
the  liittle  Thomp§on  has  been  historically  negligible.    Present
summer  flow  is  largely  attributable  to  supplies  released  from
upstream  facilities  of  the  Colorado-Big  Thompson  Project,   and  from
irrigation  returns.    Point  source  discharges  of  municipal  effluent
discharged  to  the  Little  Thompson  include  the  communities  of
Milliken  and  Johnstown.     The  effects  of  these  sources  are
negligible  in  relation  to  other  impacts  on  the  River.
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2.2.3.i       Existing  Conditions

Profiles  representative  of  low-flow  conditions   (1972)   are
presented  on  Figure  2.2.3-A.     Figure  2.2.3-a  depicts  in-stream
hydrology  for  1976,   the  period  in  which  the  208  water  quality
salxpling  prog-ran  was  conducted.     Results  of  sampling  activity
are  identified  in  Figures  2.2.3-C  through  2.2.3-E

2.2.4             st.

ing  the
Program.
2 . 2 . 4 -8

Vrain  Creek

The  drainage  of  St.  Vrain  Creek  is  impacted  by  feeding  operations
and  irrigated  agriculture.    Municipal  and  industrial  discharges
up-stream  of  the  I.arimer-Weld  Region,  specifically  from  Longmont
and  Great  Western,   I.ongmont,   also  impact  this  waterway.     Only  one
point  source,  Mead  Sanitation  District,  discharges  municipal
effluent  to  the  St.   Vrain  in  the  Larimer-Weld  Region.    Agricul-
tural  return  flows  to  the  St.   Vrain  are  estimated  at  62  MGD.

2.2.4.i       Existing  Conditions

Figure  2.2.4-A  Shows   the  stream  flow  of  the  St.   Vrain  Creek  flilr-
-_    Lt__      __  _       .   _   I      ,           _  _  _  _.

._ ,.,.... VWO   I.iLE   all-eaiIL   Ei.Ow  ol   the   st.   vrain   creek   dur-
period  in  1976  which  corresponds  to  the  208  sampling

Nitrate  data  and  salinity  data  are  presented  in  Figure
and  2.2.4-C.

2.2.5           South  platte River
The  South  Platte  River's  existing  water  quality  is  influenced  by
the  quality  of  water  entering  the  Region  from  upstream  areas  and
the  large  quantity  of  irriqation  return  flow  discharged  in  the
Larirrer-Weld  Region   (125  MGD) .     Small  Weld.  County   towns   on  the
Platte  have  a  negligible  influence  on  water  quality.

2.2.5.i       Existing  Conditions

Figures  2.2.5-A  illustrates  the  existing  low-flow  conditions  for
the  South  Platte  River.    Figure  2.2.5-a  shows  nitrate  data  and
Figure   2.2.5-C   Shows   Salinit-v   r]a+a   haeaA   `.-^-b_11      1^-~-        _    _.._''_    ---`--`+\+-\+CILa -CIJ|2.2.5-C  shows  salinity  data  based  upon  Fall,1976  sam-
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3.0      WATER QUALITY   CRITERIA AND   STANDARDS

This  chapter  provides  the  rationale  for  in-stream  standards  and
criteria  incorporated  into  the  208  Plan,  development  of  in-stream
standards  and  criteria  in  the  future,  and  application  of  standards
and  criteria  to  NPDES  permits.

Ihe  quality  of  water  and  the  impacts  of  pollution  on  beneficial  uses
cannot  be  viewed  in  simple  absolute  terms  because:   (I)   Each  beneficial
use  of  water  requires  that  the  physical,  chemical  and  biological
characteristics  fall  within  some  limiting  range  if  uses  are  to
maintained  without  serious  impairment  or  damage  to  the  water  user.
This  applies  to  all  uses  of  water  in  the  I.arimer-Weld  Region  including
recreation,  agriculture,   aquatic  life,  and  public  water  supply.     (2)
the  ability  of  technicians  to  measure  chemical  concentrations  in
water,  conduct  tests  on  aquatic  life  under  idealized  laboratory
conditions,  and  write  computer  programs  Supposedly  depciting  in-
stream  conditions,  has  advanced  tremendously  in  recent  years.
However,  the  application  of  this  advanced  technology  to  specific
rivers,   streams,  and  reservoirs  is  in  its  efroryonic  stage.     In
consideration  of  these  facts,  water  users  must  build  a  basis  upon
which  rational  water  quality  planning  can  be  conducted  and  plans
implemented  within  the  context  of  water  uses  ih  the .I.arimer-Weld
Region .

In  the  semi-arid  climate  of  Northern  Colorado  where  water  has  been  a
scarce  and  valued  resource,  Man  has  placed  increasing  demands  on  the
available  water  resources  in  the  Region.     Beginning  over  100  years
ago,   water  which  was  once  free-flowing  in  streams  is  now  impounded
used  and  reused  for  municipal,  industrial  and  agricultural  water
supply,  recreation  and  wildlife  production  through  a  highly  sophis-
ticated  program  of  diversion,   storage  and  reuse  management  strategies.
Competing  and  often  conf lic€ing  uses  of  water  have  raised  numerous
questions  regarding  the  level  of  water  quality  to  be  achieved  con-
sistent  with  the  historic,  present  and  projected  uses  of  water  in
the  region  and  the  natural  and  man-related  constraints  of  the
hydrologic  system.

3.I      MEANINGS   OF   POIiliuTION

Pure  water  without  the  presence  of  trace  elements  and  nutrients  is
not  suitable  for  high  production  of  plants  and  animals  in  an  aquatic
ecosystem.     For  example,   there  are  streams  within  the  State  of
Colorado  where  the  water  is  so  pure  or  lacking  in  nutrients  that  it
will  not  support  aquatic  plant  life  and  micro-organisms,  therefore,
making  it  incapable  of  supporting  large  fish  populations   (Goettl,
1977).     The  introduction  of  some  so-called  nutrient/pollutants  such
as  nitrogen  and  phosphorus,  could  enhance  the  suitability  of  these
waters  for  supporting  aquatic  life.    Maintaining  a  proper  balance
among  life  forms  in  water  bodies  is  a  critical  aspect  of  water
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pollution  control.    Water  bodies  and  their  aquatic  biota  have  a
considerable  capacity  to  absorb  and  utilize  both  organic  and  in-
organic  materials.     Extensive  populations  and  biomass  production  can
be  generated  in  such  processes.    Water  quality  is  relative;   it  must
be  associated  with  the  intended  use  of  the  water  and  it  has  many
meanings.     No  one  definition  means  the  same  thing  to  all  people.

A  simple  definition  of  water  pollution  might  then  be  "any  impairment
in  water  quality  that  makes  the  water  unsuitable  for  a  benef icial
use."    This  definition,  however,   then  raises  concern  as  to  what
constitutes  a  beneficial  use.

3.2      LEGAL   DEFINITION   OF   BENEFICIAL   USES   OF   WATER

Colorado  law  defines  beneficial  use'as  ".. .the  use  of  that  amount  of
water  that  is  reasonable  and  appropriate  under  reasonably  ef ficient
practices  to  accomplish  without  waste  the  purpose  for  which  the
appropriation  is  lawfully  made  and,  without  limiting  the  generality
of  the  foregoing,   includes  the  impoundment  of  water  for  recreation
purposes,   including  fishery  or  wildlife.    For  the  benefit  and
enjoyment  of  present  and  future  generations,   (beneficial  use)   shall
also  include  the  appropriation  by  the  State  of  Colorado  in  the
manner  prescribed  by  law  of  such  minimum  flows  between  specific
points  or  levels  for  and  on  natural  streams  and  lakes  to  preserve
the  natural  environment  to  a  reasonable  degree."      (CRS  1973,   37-92-
103 (4)  )  .

Under  Colorado  Water  Law,   the  use  of  water  is  established  only  if
water  is  appropriated  for  that  use.

Regulations  proposed  by  the  Colorado  Water  Quality  Control  Commission
identify  benef icial  uses  which  are  generally  compatable  with  those
developed  in  the  208  planning  process:     recreation,  aquatic  life,
water  supply,  and  agricultural.

3.3      IMPACTS   OF   WASTE   LOADS   ON   WATER   QUALITY   -IMPAIRMENT   OF
BENEFICIAL   USES

Since  not  all  benef icial  uses  of  water  require  the  same  level  of
water  quality  some  degradation  from  a  particular  use  may  not  af feat
the  suitability  for  another  use.     For  example,   in  the  Larimer-Weld
Region  the  introduction  of  excess  nitrate  nitrogens  from  agricultural
fertilizer  applications  has  in  general  little  bearing  on  the  presence
or  absence  of  higher  froms  of  aquatic  life.     In  contrast,  nitrate
nitrogen  in  drinking  water  at  excessive  levels   (10  mg/l  as  nitrogen)
is  reported  to  cause  methemoglobinemia  in  infants  of  less  than  three
months  of  age.     Ammonia  nitrogen,   as  well  as  nitrate  nitrogen,   is  a
constituent  of  domestic  waste  water  effluent.     Ammonia  in  very  small
concentrations  is  toxic  to  aquatic  life.    Both  advanced  waste  treat-
ment  and  in-stream  biological  conversion  convert  ammonia  to  nitrate
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larger
smaller
will  be
smaller

..c  wiiLUH  a  [ecelvlng  Water  may  assimilate.     obviously,   a
volume  of  water  can  receive  more  total  waste  load  than  a
volume  of  water,   all  other  conditions  equal.    The  dilution
greater  and,  therefore,  the  in-stream  concentration  will  be
and  the  ultimate  impact  potentially  less.     Impacts  from

r`iir^^-^c   -,-I  1..LJ  ___    __ .--.          I  .         _

nitrogen.     Advanced  waste  treatment  will  convert  most  ammonia  before
it  is  introduced  to  the  stream,  but  at  a  substantial  cost.    In-
stream  natural  conversion  occurs  over  a  relatively  short  period  of
time  but  may  result  in  the  degradation  of  a  segment  of  stream.     The
length  of  the  segment  will  depend  upon  such  factors  as  dilution
effects  and  stream  velocity,  and  rate  of  biological  conversion.     In
bcjth  instances,  the  nitrate  levels  are  not  significantly  reduced  and
the  potential  health  hazard  to  a  small  segment  of  the  human  population
is  still  present,  yet  a  nutrient  resource  is  available  for  agricultural
purposes .

Removal  of  nitrate  nitrogen  from  waste  waters  does  not  appear  to  be
a  feasible  alternative  given  the  present  technology  available  at
this  point  in  time,   as  the  technology  is  just  developing  and  the
present  costs  are  prohibitive.     However,   use  of  oxidation  ponds  for
small  scale  municipal  waste  treatment  may  result  in  some  nitrogen
removal  through  microbial  denitrification  in  the  anaerobic  bottom
layers  of  the  lagoon  or  by  -onia  emission  to  the  atmosphere .

Waste  load  contributions  to  receiving  waters  and  their  impacts  are
not  constant.     The  simple  principle  of  dilution  affects  the  amount
Of  a  Waste  Which  a  receiving  water  may  a§§imila+a_     rih`ri^n-1..     -

_

point
highes

____.     _-_ ---.. it:t(+-Lo    I.LULLIsources  of  pollution  ivill  be  the  least  where  stream  flows  are
t.

Shock  loading  or  large  amounts  of  wastes  may  occur  during  precipi-
tation  and  surface  runoff  events.     Surface  runoff  from  urban  areas,
construction  and  silviculture  activities  and  aigricultural  lands  can
produce  substantial  loads  of  sediment  and  organic  materials.    The
largest  impacts  of  other  constituents  are  from  urban  runoff .    Sedi-
ment,  pesticides,   fertilizers  and  fecal  material  from  dogs  and  cats,
as  well  as  petroleum  products,  asbestos  and  numerous  other  materials
carried  by  a  stormwater  drainage  system  may  reach  a  canal  or  stream.
/.qaa    Tr`+a-1.in   TA7^k.In    I___._i    iii^       ..(See   Interim  WQMP  Report   #19,   Nonpoint

__  _ ----- _=-    -I -\*+-.

Source  Control for  detail.)
The  shock  loading  of  these  materials  and  added  volume  of  water  upon
the  receiving  water  may  affect  the  quality  of  water,  but  quantita-
tive  ef fects  upon  aquatic  life  and  in-stream  water  uses  are  not  well
known ,

The  impacts  of  waste  loads  from  various  sources  upon  water  quality
are  dependent  upon  several  factors.     The  aquatic  ecosystem  has  the
ability  to  accept,  utilize  and  purify  many  types  of  waste.
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The  capability  of  the  ecosystem  to  do  so  is  a  function  of  the  toler-
ance  of  the  organisms  in  the  system  to  a  particular  level  of  the
waste  constituent.     For  some  wastes,   even  small  amounts  may  affect
the  life  in  a  receiving  stream  or  affect  the  future  beneficial  use
of  the  water.     Some  constituents,   like  residual  chlorine  and  ammonia
from  a  municipal  waste  treatment  discharge,  are  toxic  in  minute
concentrations  but  are  converted  to  less  toxic  forms  in  a  short  time
in  the  receiving  water.     Some  heavy  metals  are  relatively  harmless,
while  others  are  extremely  toxic  in  very  small  concentrations.    The
ef fect§  of  each  may  vary  widely  depending  on  its  form  when  it  reaches
the  receiving  waters  and  its  ability  to  combine  chemically  with
other  materials  in  the  water,   stream  bottom  or  aquatic  life.    The
ef fects  of  the  presence  of  a  heavy  metal  may  result  in  an  outright
kill  of  aquatic  organisms  or  it  may  accumulate  harmlessly  throughout
a  food  chain  and  emerge  as  a  toxic  in  a  higher  organism   (bio-accumulationr

The  net  effects  of  pesticides  Llpon  the  environment  are  also  complex.
Tremendous  benefits  have  accrued  to  man  through  increased  agricul-
tural  crop  production  and  suppression  of  undesirable  insects,  weeds,
fungi  and  other  living  organisms  which  have  reduced  crop  production.
But  the  application  of  these  chemicals  has  often  been  offset  by
adverse  impacts  to  the  environment.     Persistent  insecticides  which
do  not  break  down  into  less  harmful  forms  have  caused  high  mortality,
mutation  or  otherwise  hampered  organisms,  other  than  target  organisms,
which  the  pesticide  was  designed  to  control.

In  recent  years,  however,  most  of  these  compounds   (primarily,
chlorinated  hydrocarbons)   have  come  under  strict  regulatory  control
for  sale  and  application,   are  not  longer  used  or  may  be  replaced  by
equally  effective,  but  less  toxic  substitutes.    Still,  however,  the
effects  of  all  pesticides  usage  upon  public  health  or  wildlife,
including  aquatic  life,   is  not  known.     For  the  most  part,  however,
pesticides  applied  to  agricultural  lands  in  the  Larimer-Weld  Region
are  not  at  the  present  considered  to  be  a  significant  pollutant.
This  view  may  change  as  more  sampling,  monitoring  and  investigation
of  the  transport  mechanisms,  loadings  and  ultimate  fate  of  the
various  compounds   is  known   (see  Interim  WQMP  Report  No. 22,   Water

3:i:i±y.Impacts  Of  Irrigated  Agriculture,  Report  .#.3,  for  further

At  present,  it  appears  that  in  the  short  term  the  benefits  derived
from  the  use  of  pesticides  outweigh  the  potential  adverse  impacts  to
the  environment.     This  view  may  change,   however,   as  more  is  learned
about  the  long-term  effects  of  pesticide  usage.

3.4      SETTING   WATER   QUALITY   CRITERIA   AND   STANDARDS

Much  confusion  has  recently  come  about  over  the  meaning  and  applica-
tion  of  water  quality  criteria  and  standards.    According  to  the
authors  of  EPA's  Qualit Criteria  for  Water   (EPA,   1976) ,   the  word
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Ltific  information  to  envirormental  management  is  pointed  out------------    `-trt:r+-`-tALL|+ii   uL

"The  structure  of  most  natural  and  man-inf luenced  ecosystems  is
both  complex  and  characterized  by  natural  oscillations  in
abundance  and  interactions  among  constituent  species  as  well  as
by  various  changes  in  environmental  conditions.    Natural  vari-
ability  may  make  it  difficult,  even  after  careful  study  of  a
particular  ecosystem,  to  characterize  in  a  dependable  fashion
what  changes  will  result  from  a  particular  environmental  assault
on  the  system.    Complicating  this  state  of  affairs  is  the  fact
that  almost  none  of  the  earth's  ecosystems  is  now  known  or
understood  in  substantial  detail.     Thus,   in  many  cases  we
Simply  do  not  know'the  full  consequences  of  a  proposed  regula-
tory  decision  or  of  a  decision  not  to  act  at  all."

"criterion"  should  not  be  used  interchangeably  with  the  word  "standard"
as  their  meanings  and  application  are  different.    Both  in  general
application  and  as  related  to  the  water  pollution  control  field,
standards  are  a  set  of  measures  for  comparison  for  quantitative  or
qualitative  values.    Standards  are  the  basis  for  regulatory  enforce-
ment.    Criteria,  on  the  other  hand,  do  not  have  direct  regulatory
use  and  cannot  be  used,   for  instance,   to  write  NPDES  permits   (EPA,
1976) .    A  water  quality  criterion  represents  a  constituent  concentra-
tion  or  level  associated  with  a  degree  of  environmental  ef feet  upon
which  a  scientific  judgment  may  be  based,  but  it  must  be  recognized
that  inadequate  information  is  available  to  use  criteria  as  a  basis
for  regulation.    Criteria  may  be  the  basis  upon  which  standards  are
eventually  formulated  when  adequate  information  is  available.     In
determining  the  degree  of  protection  a  certain  concentratiori  of  a
constituent  identified  as  a  criterion  will  afford  an  organism  or
ecosystem  or  a  water  use,  much  discretion  is  left  to  the  applied
scientist  to  determine  that  which  is  acceptable  and  that  which  is
not  based  on  actual  in§tream  conditions  rather  than  laboratory  data.
I'oxicity  levels  of  a  particular  constituent  are  not  absolute  to  all
organisms.     In  other  words,  one  organism  may  be  more  sensitive  than
another  or,   the  effects  upon  an  organism  may  tnot  show  up  immediately
(acute  toxicity) ,  but  may  evolve  over  a  long  period  of  time   (chronic
toxicity) .    Further,   the  combined  effects  of  more  than  one  constituent
may  be  different  than  that  constituent  by  itself   (synergistic .effects) ,
and  the  effect  will  vary  depending  on  ambient  stream  conditions
(temperature,  pH,   hardness,  eta.) .

/

Therefore,  the  scientist  must  carefully  weigh  all  available  knowledge
to  him  in  order  to  determine  criteria  for  a  constituent,  recognizing
that  he  may  not  have  sufficient  data  to  support  his  findings  for  all
real  world  situations.    The  professional  license  given  the  Scientist
for  such  determinations  is  ominous  and  requires  close  monitoring.

In  a  special  report  prepared  by  the  National  Research  Council  of  the
National  Academy  of  Sciences  for  EPA   (National  Academy  of  Sciences,
1977,  Volume  I) ,  the  intensive  uncertainty  of  the  application  of
Scientific   information   +A  an`rip^nma-+al   --_-_____.    _. _
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"The  uncertainties  and  incompleteness  of  environmental  science,
when  candidly  admitted,  are  frustrating;  but  it  is  unrealistic
and  improper  for  the  politically  responsible  decision-maker  to
expect  and  demand  more  than  science  can  provide.     It  is  equally
improper  for  technical  analysts  to  fail  to  explain  clearly  the
limits  of  their  knowledge,  the  margin  of  uncertainty  in  their
estimates,  and  the  gaps  that  might  be  closed  by  further  research."

The  importance  of  recognizing  and  evaluating  the  benefits  to  be
gained  from  any  decision  and  consequential  actions  taken  to  reduce  a
particular  pollutant  must  not  be  dismissed.    A  careful  balance
should  be  made  between  applying  state-of-the-art  knowledge  to  a
particular  real  world  problem  immediately  or  awaiting  further
research  to  conf irm  or  deny  a  finding  especially  when  such  appli-
cation  may  result  in  expenditure  of  great  sums  of  public  and  private
funds  for  removal  of  a  particular  pollutant.    Much  of  the  applied
research  in  water  pollution  control  has  come  about  only  in  recent
years  and  has  not  fully  withstood  the  test  of  scrutiny  throughvalidation  by  similar  testing  or  peer  review.    This  is  particularly
the  case  in  application  of  numeric  limits  to  aquatic  ecosystems  or
other  beneficial  uses  of  water.

Again,   quoting  from  the  National  Academy  of  Science  Report  to  EPA  on
the  Role  of  Scientif ic  and  Technical  Information  . . .

"Assessment  of  available  data  begins  with  the  collection  of
physical,  chemical,   statistical,  biological,  economic,   social
and  technological  data  from  existing  sources.     The  data  are
then  analyzed  for  accuracy  and  relevance,  and  synthesized  and
interpreted  in  terms  suggested  by  the  people  who  will  use  the
results.    To  be  useful  to  decision-makers  for  the  task  of
assessing  available  options,  the  analysis  must  organize  the
information  in  a  form  that  clearly  clef ines  relationships  among
different  aspects  of  a  problem  and  places  the  data  on  each
aspect   (for  example,   a  health  hazard)   in  the  context  of  the
overall  framework  of  human  interaction  with  the  environment.
Limits  of  conf idence  in  the  data  and  uncertainties  in  the
analyses  must  be  stated  explicitly  .... The  results  of  such
analyses  may  also  be  used  to  identify  critical  research  needs,
and  thus  would  also  be  useful  for  planning  research  activities
in  EPA.      (Research,   Chapter   2.)"

It  is  clear  that  the  National  Academy  of  Science§  task  force  dealing
in  the  application  of  technical  information  to  environmental  problems
fully  recognizes  the  need  for  a  systematic  analytical  approach  to
gathering  and  applying  such  information.     This  approach  has  been
reinforced  by  others   (see  Doudoroff ,   1977,   1978,   in  Appendix  i) .

The  I.arimer-Weld  Council  of  Governments  208  planning  process  recog-
nizes  the  problems  and  uncertainties  of  application  of  state-of-the-
art  knowledge  and  recommends  the  approach  of  recognizing  "levels  of
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protection"  required  for  the  various  beneficial  uses  of  water.    Not
yet  fully  proven  nuneric  criteria  for  various  water  quality  parameters
should  be  applied  only  as  non-regulatory  guidelines  for  planning
purposes  for  water  bodies  in  Colorado  and,  in  particular,  the
I,arimer-Weld  Region.    Application  of  water  quality  criteria  other
than  the  basic  standards  for  development  of  NPDES  discharge  permits
is  not  acceptable  until  such  time  as  the  following  conditions  are
met:

i.

2.

3.

5.

In-stream  monitoring  programs,  biosurvey§,  bioassay§  and
other  scientific  evidence  establish  a  sound  basis  for
determination  of  a  nuneric  standard  and  shows  that  chemical
constituents  included  in  such  criteria  are  present  in
suf f icient  concentrations  in  receiving  waters  to  interfere
with  beneficial  uses  of  water  and  legally  adopted  stream
classifications   (see  Section  7.0) ,  in  specific  situations
in  the  Larimer-Weld  Region.

Monitoring  programs  identify  the  specific  point  and  non-
point  Source(a)   of  the  constituent  in  question,  the  level
attributable  to  each  Source,  and  the  specific  impact  of
each  source  on  the  beneficial  use  of  water.

The  economic,   social,  and  environmental  impact  and  feasi-
bility  of  eliminating  the  Specific  pollutant  is  defined
through  planning  conducted  in  accordance  with  Section  201
and/or  208  of  the  Clean  Water  Act.

The  201  Plan  and/or  208  Plan  amendment   (3.   above)   is
adopted  as  part  of  the  liarimer-Weld  208  Plan.

Facilities  are  constructed  and/or  Best  Management  Practices
are  developed  and  implemented  to  control  the  discharge  of
the  specific  pollutant.

It  is  imperative  that  water  quality  criteria  and  standards  be  chosen
which  maintain  and  enhance  water  quality  for  various  water  uses,  but
that  they  also  be  scientifically  defensible,  enforceable,  adminis-
trable  and  economically  achievable.

3. 5      APPI.ICATION   OF   WATER  QUAI.ITY   STANDARDS

Water
They
the
ment

quality  standards  have  the  enforceability  of  regulatory  law.
re   nno   Triaana   h` .,., I-..^t.   I_I.I    i_L _    _   .are  one  means  by  which  both  the  Colorado  Water  Quality  Act  and____I     __    -`.I+A-I+,\+LJr    Law.

Federal  Water  Pollution  Control  Act  are  to  result  in  the  achieve-
of  high  quality  waters  I)   through  the  establishment  of  in-

a"   1a,,-1--C   --___. _-__stream  levels  of  vaiious  water  quality  parameters  which  cannot_,     __.___I ....... Old.,+LLoiiiLlt=[it   o=   |n-

legally  be  exceeded  or  2)   through  the  control  of  concentrations  of
selected  water  quality  parameters  for  ef fluent  limitations  in  NPDES
discharge  permits   (for  further  discussion  on  the  formulation  of
standards,   see  40  CFR  130  and  Section  7.2.I  of  this  report) .
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The  Colorado  Water  Quality  Control  Commission  has  the  statutory
authority  to  promulgate  by  regulation  any measurable  characteristics
of  water,  including:

(a)     Toxic  substances;

(b)     Suspended  solids,   colloidB,   and  combinations  of  solids
with  other  suspended  substances;

(c)     Bacteria,   fecal  coliform,   fungi,  viruses,  and  other  bio-
logical  consLituents  and  characteristics ;

(a)     Dissolved  oxygen,   and  the  extent  of  oxygen  demanding
substances i

(e)    Phosphates,  nitrates  and  other  dissolved  nutrients;

(f)     pH  and  hydrogen  compoundsj

(g)     Chlorine,  heavy  metals,  and  other  chemical  constituents;

(h)     Salinity,  acidity,  and  alkalinity;

(i)     Trash,  refuse,  oil  and  grease,  and  other  foreign  material;

(j)     Taste,  odor,  color,  and  turbidityj

(k)     Temperature.

(CRS   1973   25-8-204)

Such  regulatory  standards  may  be  promulgated  for  any  classes   (or
uses)  of  water  for  all  waters  in  the  state  or  any  designated  portion
of  state  waters.    Such  standards  are  importan.t  for  the  following
purposes :

(a)     To  describe  prohibitions,   standards,  concentrations,  and
ef fluent  limitations  on  the  extent  of  specifically  idem-
tified  pollutants,  that  any  person  may  discharge  into  any
specified  class  of  state  watersj

(b)     To  describe  pretreatment  requirements,  prohibitions,
standards,  concentrations,  and  effluent  limitations  on
wastes  any  person  may  discharge  into  any  specified  class
of  state  water  from  any  specified  type  of  facility,  process,
activity,  or  waste  pile  including,  but  not  limited  to,  all
types  specified  in  Section  36   (b)    (1)    (A)   of  the  Federal
Act.
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(a) To  describe  precautionary  measures,  both  mandatory  and
prohibitory,  that  must  be  taken  by  any  person  owning,
operation,  conducting,  or  maintaining  any  facility,
process,  activity,  or  waste  pile  that  does  or  might  cause
pollution  of  any  state  waters  in  violation  of  control
regulations  or  cause  the  quality  of  any  state  waters  to  be
in  violation  of  any  applicable  water  quality  standard.

(CRS   1973   25-8-205)

In  view  of  the  uncertainties  with  regard  to  the  uniform  blanket
application  of  standards  for  numerous  water  quality  parameters  and
the  regulatory  nature  of  standards,  it  is  prudent  to  select  a  few
basic  standards  grounded  in  well-esta'blished  methodology  and  which
are  scientifically  justifiable,  economically  achievable  and  admin-
isterably  achievable.

¥:;:;r!::¥:w£;::::i:;:h:::a:;::::£:::::::;::!t;i:;:]Tg¥:¥ria
will  not  be  incorporated  into  the  regulatory  process,  including
determination  of  NPDES  permit  requirements,  until  the  condition
specified  in  Section  3.4  of  this  report  are  met.
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4.0      FACTORS AFFECTING ATTAINMENT   OF THE   1983   WATER QUAI.ITY   GOAI,
Historical  water  management  strategies,  regional  hydrologic
regime,  and  physical  stream  characteristics  strongly  influence
the  attainability  of  fishable-swirmable  waters  of  the  I.arimer-
Weld  Region.     These  realities  place  additional  technical
feBtraints  on  an  implementable  water  quality  management  plan.
Ihis  analysis  attempts  to  go  beyond  traditional  methodologies  for
developing  water  quality  management  strategies  by  recognizing
these  additional  factors  which  influence  the  ability  to  attain
the  1983  goal.

It  is  clear  that  the  Clean  Water  Act  addresses  itself  primarily
to  water  quality  and  does  not  address,  per  se,  such  factors  as
stream  bed  conditions,  water  supply  and  water  use  practices,  or
the  requisite  of  water  itself  to  sustain  aquatic  life  and  provide
for  recreation.    The  question  of  attainability  can  be  addressed
in  two  ways:

I.       Can  we  attain  the  1983  goals   (i.e.,   fishable-swirmable
waters)   for  water  quality  irrespective  of  the  fact  that
there  are  times  when  there  is  no  water  to  support
aquatic  life  or  recreation?
Can  we  attain  the  1983  goals  from  water  quality  and
water  quantity  standpoints  and  in  consideration  of
climatological  and  physical  conditions,  existing  in  the
Region?

questions  go  to  the  heart  of  interpretation  of  the  1983
the  technical  application  of  the  Clean  Water  Act  as  it
1--     L_  J!  -_  __       _    ,,,.

These  two
goals  and ____     ____--    ''-`-`-I    (,\,L    (10    LLis  currently  being  admini-s-tered  in  the  Larimer-Weld  Region  of
Colorado.    rhe  following  sections  of  this  report  will  provide
physical  data  and  technical  support  necessary  to  develop  a  regionally-
implementable  answer  to  the  question  of  attainability,  and  point
out  deficiencies  and  voids  in  available  data.

4.i      HYDROLOGY

The  natural  character  of  river  systems  in  the  Larimer-Weld  Region
has  been  subject  to  extensive  physical  modification  by  man.
Throughout  the  past  century,  water  resources  development  activity
has  resulted  in  the  evolution  of  a  complex  system  of  transmountain
diversions,  reservoirs,  canals,  pipelines,  ditches,  and  extensive
recycling  of  return  flows.    Manipulation  of  the  surface  water
regime  has  progressed  to  the  extent  that  municipalities  and
industries  can  rely  on  water  supplies  that  are  relatively  depend-
able  on  a  year-around  basis.    Availability  of  water  for  agricul-
tural  purposes  in  many  areas  has  been  extended  throughout  the
irrigation  season.
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encompasses  a  major  portion  of  the  drainage  of  the  Cache
Big  Thompson,   and  Little  Thompson  Rivers.     Extensive
the  South  Platte  River  and  St.  Vrain  Creek  are  within  the
area.    The  character  of  natural  hydrologic  drainages
Larimer-Weld  Region  generally  exhibits  features  which
to  the  distinct  physiographic  provinces:    the  mountainou.s

region-and  the  plains  area.    Demarcation  between  these  two  regimes
iB  approximated  by  the  foothill  area  in  the  vicinity  of  canyon
mouths.

Water  resources  development  activity  in  the  mountains  is  principally
oriented  toward  the  objective  of  conserving  available  runoff  in
reservoirs  and  impoundments.     Selected  reservoirs  also  function  as
regulatory  and  holding  facilities  for  flows  diverted  eastward  from
the  western  slope  of  the  Continental  Divide.    Transmountain  diver-
sions  exert  a  significant  impact  on  the  hydrology  of  Larimer-Weld  in
terms  of  supplementing  supplies  native  to  the  Region.

Flows  tributary  to  the  plains  area  of  the  two-county  are  intensely
managed  to  meet  the  needs  of  established  water  users.     Such  waters
also  accommodate  waste  f lows  and  loads  f ron  the  most  significant
dischargers  in  the  region,  as  well  as  those  from major  non-point
pollutional  sources  of  human-related  origin.
Characteristics  of  the  regional  surface  water  system  were  detailed

QualityWaste  Load  Allocations  and  Water
5Iality M=208  Water

1S referre
ement  Plan

The  Region
la  Poudre,
reaches  of
two-county
within  the
correspond

in  Chapter  3  of  theMffiw¥e::r
WQMP  Report  No.   20).      The   reader

chapter  for  a  comprehensive  description  of  system  hydrology  and
management.    The  existing  nature  of  regional  water  supply  is  a  major
limitation  to  attaining  a  desirable  fishery  in  many  reaches  of
rivers  that  drain  Larimer  and  Weld  Counties.    This  is  attributable
to  several  factors,  among  which  are  included  the  seasonal  nature  of
streams  in  the  arid  west  and  the  sophisticated  management  of  surf ace
waters  to  meet  the  needs  of  agriculture,  municipalities,  and  other
users.    To  permit  evaluation  of  flow  augmentation  strategies  in  a
proper  perspective,  features  of  the  surface  water  system  as  it
presently  exists  in  the  plains  area  will  be  highlighted  herein.
4.I.I           Existin Surface  Water  H drolo

There  are  six  major  sources  of  water  conveyed  in  the  major  stream
channels  of  the  Larimer-Weld  Region:

Native  river  flow;

Reservoir  storage  releases;

Colorado-Big  Thompson   (C-BT)   Project  water;
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aaa        Colorado-Iiaranie  River  Basin  lransmountain  importations
(Cache  la  Poudre  drainage  only) i

Canal  seepage,  agricultural  returns,  tile  drain  effluent,
and  tributary  inf low;

Municipal  and  industrial  discharges.

Colorado  water  law  allocates  available  water  in  a  stream  to
diverters  on  a  priority  basis  according  to  historical  usage.    The
foregoing  water  supplies  are  regulated  and  managed  for  the  purpose
of  satisfying  established  water  rights.    This  dictates  the  hydro-
logic  character  of  the  majority  of  stream  reaches  in  the  two-
county  area.

Management  of  river  flow  to  satisfy  diversion  requirements  is  the
direct  responsibility  of  District  Water  Commissioners.    Ihese
individuals  receive  calls  on  the  river,  authorize  setting  of
headgates,  regulate  storage  releases,  route  flows  to  meet  demands,
and  implement  variable  operational  strategies  dictated  by  demand,
available  resources,  and  weather  conditions.    With  the  exception
of  high  flows  during  spring  runoff  and  major  precipitation  events,
water  in  the  rivers  is  totally  managed  to  meet  water  resource
demands .

The  extensive  system  of  municipal  and  irrigation  water  supply  and
diversion  essentially  controls  all  stream flow  in  the  Region.
Table  4.I.I-A  a-arizes  number  of  diversions  which  characterize
the  major  rivers  within  the  I.arimer-Weld  Region.

TABLE   4.I.I-A     DIVERSIONS   -I.ARIMER-WELD   REGION

STRE"

Cache  la  Poudre

Big  Thompson

Little  Thompson

St.  Vrain

South  Platte

NUMBER  OF   DIVERSIONS
(a)

27

15

9

2

20

RIVER  MILES
(b)

62

36

24

15

73

(a)     Within  I.arimer  and  Weld  Counties.
(b)     Point  of  first  upstream  diversion  to  river  mouth  or  eastern

periphery  of  Weld  County.
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Delivery  of  water  to  various  ditches  may  be  accomplished  through
canals,  reservoirs,  and  ditches  that  bypass  the  main-stem  channel
of  major  rivers  in  the  region.     Hence,  such  flows  are  not  avail-
able.to  maintain  in-stream  fisheries.     In  instances  where  the
river  channel  is  used  to  convey  water  to  downstream  users,  these

:EgE|::i:f:;nw::::a::tf::T:tinun:::e=r:::::::da:o::#i::::lsA
call  for  stored  water  by  a  downstream  ditch  may  determine  to  a
large  degree  the  volume  of  river  flow  passing  upstream  locations.
Fluctuating  ditch  headgate  requirements  cause  extreme  f luctuations
in  streamflow.

Certain  ditches  possess  a  right  to  river  f low  which  ef fectively
results  in  diversion  of  all  availablei  f low  from  the  main-stem
channel.     Downstream  diverters  rely  on  storage  releases  and
irrigation  return  f lows  to  regenerate  river  f low  as  a  supply
source.    A  significant  component  of  supply  to  rivers  in  reaches
downstream  from  canyon  mouths  during  the  irrigation  season  is
provided  by  tributary  discharges,  canal  waste,  and  agricultural
returns.  These  accretions  may  be  discharged  to  the  river  through
natural  drainage  channels,  through  point  source  facilities  such
as  municipal  outfalls  and  tile  drains,  or  through  channel  seepage.
Diversion  priorities  of  many  dounstr6am  ditches  are  satisf led
wholly  or  partially  by  such  sources.    Overland  return  flow  to
river  systems  is  usually  negligible  due  to  the  presence  of  the
buffer  zone  flood  plain.

In  some  locations,  diversions  which  dry  up  Streams  remove  total
native  river  f low  and  all  traces  of  municipal  and  industrial
discharges.    Major  sections  of  regional  rivers  are  made  up
entirely  of  return  flows.    This  is  supported  by  records  of  the
State  Engineer  and  substantiated  by  water  quality  sampling  data.
(See   Interim  WQMP   Reports  No.   6   and   20) .

Stream  management  for  irrigation  purposes  corresponds  to  two
seasons :

o         Storage  season   (October  -  April)
o         Irrigation  season   (May  -  September)

Operation  strategies  implemented  during  these  periods  exhibit
distinct  characteristics.
Storage  season  activity  is  geared  toward  conserving  and  extending
available  water  supplies  and,   as  much  as  possible,   is  introduced
to  many  of  the  Region's  76  storage  reservoirs.     Efficient  system
regulation  involves  drying  up  rivers  at  points  of  reservoir
diversion.
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System  operation  during  the  irrigation  season  makes  use  of  natural
flows,  reservoir  storage,  and  river  accretions.    During  the  early
portion  of  the  season,  water  needs  are  satisfied  by  direct  runoff
and  return  flows.     High  country  snounelt  generally  occurs  from
mid-May  to  mid-June.     In  July  and  August,   calls  for  Colorado-Big

#g:::,n !::!e:!t:a::: a::e3::?o:::e:u;5:;:gee;:i::i::I;rsy§igni-
seepage  and  returns  tributary  to  the  main-stem  river  system.

Irrigation  f lows  in  the  plains  area  of  regional  streams  are  often
managed  by  a  sophisticated  program  of  diversion  and  exchange.
Water  requirements  of  downstream  senior  diverters  are  often
satisfied  by  reservoir  releases  of  water  belonging  to  upstream
users.     Upstream  ditches  may  use  exchanged  river  water  actually
allocated  under  the  law  to  downstream  users.    The  objective  is
to  maximum  availability  of  water  throughout  the  system.     Flow
in  specif ic  portions  of  the  river  may  be  exhausted  in  intervening
reaches.     The  practice  of  exchange  is  most  widely  implemented  in
the  Cache  la  Poudre  River  basin,   and  to  a  lesser  extent,  in  other
drainage  systems  of  the  Region.

Schematic  diagrams  of  the  surface  water  system  in  the  two-county
area  are  presented  in  Figures  4.I.i-A,   4.1.I-a,   and  4.1.1-C
for  the  Cache  la  Poudre,  Big  Thompson  and  South  Platte  Rivers,
respectively.    During  the  irrigation  season,  zero  flow  conditions
occur  frequently  in  Larimer-Weld  streams  as  a  result  of  irrigation
diversions.     Flow  in  the  Cache  la  Poudre  may  be  exhausted  down-
stream  from  at  least  eleven  diversion  points.    These  include:

0
a
0
0
0
0
0

'0

0
0
a

Diversions
following

Monroe  Gravity  Canal   (North  Poudre  Supply  Canal) ;
Greeley  municipal  intake;
Little  Cache  la  Poudre  Ditch;
Larimer  County  No.   2  Canal;
Larimer   &  Weld  Canal;
Fossil  Creek  Reservoir  inlet   (often) ;
Whitney  Ditch;
a.   H.   Baton  Ditch   (almost  always);
Greeley  No.   3  Ditch   (always);
Boyd   &  Freeman  Ditch   (almost  always) ;
Ogilvy  Ditch   (always) .

f ron  the  Big  Thompson  may  dry  up  the  river  at  the
locations :

Louden  Ditch;
Loveland  &  Greeley  Canal;
Big  Barnes  Ditch;
Hillsborough  Ditch;
Big  Thompson  &  South  Platte  Ditch.
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In  its  reach  through  Larimer  and  Weld  Counties,  the  South  Platte  may
be  dry  immediately  downstream  from  at  least  five  ditches:

o         Jay  Thomas  Ditchj
o         Union  Ditch;
o         Highland  Canal   (Plumb  Ditch) ;
o         Bijou  Ditch;
o         Weldon  Valley  Canal.

4.I.2           Impact  of  Hydrology  on  Water  Quality  Goals

The  complete  management  of  the  Region's  rivers  to  meet  demands  for
water  by  municipalities,   industries  and  for  500,000  acres  of  irri-
gated  land,   in  accordance  with  Colorado's  Law  and  Constitution,
necessarily  result  in  extreme  hydrologic  variations,  drying  up  of
streams  at  many  locations  summer  and  winter,  and  generally  unstable
aquatic  habitat  in  the  plains  area  of  the  Region.    This  contributes
to  survival  of  only  the  hardiest  of  species  of  fish  (carp,  suckers,
select  forage  fish)   usually  referred  to  as  "rough  or  trash  fish."

4.2      PHYSICAL   STREAM   CHARACTERISTICS

A  prerequisite  of  high  quality  aquatic  habitat  is  a  physical  environ-
ment  which  is  conducive  to  supporting  stream  life.     There  are  wide
ranges  of  physical  stream  characteristics  in  the  region.    As  previously
discussed,  the  amount  and  timing  of  water  in  a  stream  or  reservoir
ecosystem  is  extremely  important  to  survival  and  propagation  of
aquatic  life.    Other  factors  which  can  greatly  affect  the  existence
of  aquatic  life  are  the  influences  of  topography,  parent  geologic
materials,   soils,  climate  and  streamside  vegetation  and  their  cumula-
tive  effects  on  the  development  of  stream  bottom  substrate,  channels
and  banks.    These  influences  will  ultimately  determine  to  a  large
extent  the  biologic  communities  present  in  the  stream  ecosystem,
independent  of  man-caused  pollution.

The  physical  stream  descriptions  that  follow,   separate  the  waterways
of  the  Larimer-Weld  Region  into  two  broad  physiographic  areas,   the
mountain  streams  and  the  plains  streams.     These  two  categories  are  a
convenient  geographic  means  of  separating  stream  characteristics.
Mountain  streams  are  generally  cooler,  have  higher  velocities,
contain  more  suitable  habitat  for  aquatic  life  and  are  generally
free  of  silty  bottom  deposits.    Plains  streams  are  controlled  to
meet  water  supply  demands,   are  influenced  by  urban  and  agriculture
wastes,   are  warmer,   and  have  slower  velocities  with  accumulations  of
silt  and  sludge.    All  of  these  factors  contribute  to  conditions  not
suitable  to  habitat  for  sustained  high  quality  aquatic  life  production.
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4. 2.i           Mountain  streams

With  the  exception  of  the  South  Platte  River  which  enters  southern
Weld  County  on  the  plains,   all  the  major  streams  of  the  Larimer-Weld
Region  have  their  sources  within  the  political  boundaries  of  the
Region.     All  originate  above  10,000  feet  elevation  in  the  alpine  and
subalpine  mountainous  areas.     Snow  pack,   runoff  and  seasonal  rains
Produce  cold  waters  which  feed  tributaries  and  main  streams.    Addi-
tional  waters  in  the  Big  Thompson  river  system  come  from  transmountain
diversion  of  waters  on  the  western  Side  of  the  Continental  Divide
through  the  Colorado-Big  Thompson  Project.     In  general,  these  mountain
waters  are  of  exceptionally  high  quality  with  dissolved  oxygen
almost  always  at  saturation  and  biochemical  oxygen  demand  and  other
pollutants  generally  very  low.    Adverse  concentrations  of  nutrients
are  almost  non-existent  and  salt  concentrations  are  extremely  low.
4.2.I.I       Geology

In  general,   the  bedrock  and  surfacial  geology  of  the  mountainous
areas  are  not  conducive  to  large  volumes  of  groundwater  recharge.

Mountain  streams  of  the  region  begin  in  the  glaciated  regions  where
U-shaped  valleys  provide  broad  meadows  and  morainal  and  cirque
lakes.    The  underlying  bedrock  is  uplifted  granite  intrusions  and
metamorphic  rocks.     To  the  east,  the  rivers  cut  through  granite  in
deep  V-shaped  valleys.     Except  for  moraines,  or  alluvial  deposits
overlaying  impervious  bedrock,  these  areas  do  not  have  the  capability
of  accepting  large  amounts  of  runoff .    Water  tends  to  runoff  to  the
waterways,  rather  than  fill  groundwater  reservoirs.

The  impervious  bedrock  formations  and  steeply  sloping,   shallow,
coarse,  poorly  developed  mountain  soils  create  conditions  for  high
volume  runoff .     High  fluctuation  to  peak  stream  flows  during  snowpack
thaws  and  rainfall  events  are  the  reason  for  much  channel  scour  in
many  of  the  high  mountain  streams.     Silt  loads  traveling  down  steep
gradient  streams  may  be  redeposited  in  areas  where  stream  gradients
lessen  as  the  streams  reach  the  more  level  rolling  topography  of  the
foothills  and  plains.

4.2.i.2        Channels   and  Banks

The  physical  character  of  channels  and  banks  is  primarily  a  function
of  parent  geologic  material  and  soils,   strealin  gradient  and  variation
in  volume  of  flow  over  a  given  stream  segment.     The  energy  which  is
expended  by  water  flowing  over  this  area  in  conjunction  with  the
resistance  to  erodibility  of  the  soil  and  geologic  materials  will
determine  the  character  of  the  channel  and  banks.
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The  type  of  aquatic  life  which  may  be  present  in  the  stream  is
largely  dependent  upon  the  bed  character  of  the  stream.     The  glaciated
high  mountain  parks  of  the  region  have  meandering  streams  which  have
developed  over  gravels  and  glacially  moved  debris.    Fine  sediments
are  not  usually  present  in  large  quantities.    The  moderate  stream
velocities  in  these  high  mountain  parks  provide  good  aeration  necessary
to  provide  oxygen  to  aquatic  life.     Below  glaciated  areas,   streambeds
contain  more  bedrock  and  less  small  gravel  substrate.    The  velocities
also  tend  to  be  higher  before  the  streams  discharge  to  the  plains.
Although  these  areas  are  not  as  suitable  as  the  glaciated  area  for
production  of  invertebrates  and  fish,  there  are  numerous  ripples  and
pools  that  provide  adequate  aeration  and  substrate  materials  for
sustaining  aquatic  ecosystems.

Stream  banks  range  from  nearly  vertical  clif f s  as  found  in  the  Big
Thompson  Narrows  and  the  Cache  la  Poudre  Narrows  to  moderately
sloped  banks  in  valleys  of  the  montane  and  mountain  meadow  regions.

4.2.I.3       Stream  Life

The  aquatic  life  present  in  the  mountain  streams  are  numerous  and
diverse  though  perhaps  not  as  numerous  and  diverse  as  streams  at
lower  elevations.    Cool  water  temperatures  and  nutrient  deficiencies,
however,  may  result  in  lesser  total  biomass  production  than, might  be
expected  in  warmer  nutrient  rich  waters.

The  stream  flora  varies  with  season.    Colder  water  temperatures
encourage  diatom  growth  and  warmer  temperatures  result  in  greater
growth  of  algae  and  attached  life  forms.    Algae,  by  utilizing  solar
energy,  provide  the  basic  energy  source  for  almost  all  other  stream
life.
The  invertebrates  can  be  seen  as  two  separate  types  -  grazers  and
predators.    The  grazers  harvest  the  algae,  and  the  predators  feed
upon  the  grazers.     The  most  common  stream  invertebrates  include
midges  and  black flies.     Stone flies  and  may flies  are  also  often
observed.    These  invertebrates  are  the  food  source  for  the  higher
vertebrate  life  forms  or  fish  of  the  mountain  streams.

Biomass  production  in  the  cold  water  streams  of  the  mountains  is
slow  and  it  is  common  to  take  as  much  time  as  5  years  for  a  fingerling
rainbow  trout  to  grow  to  12  inches.     The  same  fish  in  a  plains
reservoir  may  grow  to  this  size  in  only  one  year.

Water  temperatures  and  other  conditions  are  suitable  for  a  number  of
introduced  trout  species  including  rainbow,  brown,  brook,   lake  and
a  few  cutthroat.    Population  levels  are  determined  by  suitable
habitat  for  production  and  fishing  pressures.
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4.2.2           Plains  streams

Major  streams  in  the  Region  present  on  the  plains  include  the  Cache
la  Poudre,   Big  Thompson,   Little  Thompson,   St.  Vrain,   and  South
Platte  Rivers.     These  slow-moving  surface  waters  are  heavily  influenced
by  man's  activititie§.    Gentle  stream  gradients  allow  sediments  to
settle  in  slow-moving  stretches.     These  slower  streams  provide  less
reaeration  of  the  water  and  alter  the  Suitability  of  the  stream
habitat  for  various  species.    The  hydrologic  modifications  discussed
in  Section  4.1  also  impose  restrictions  on  the  habitat  of  plains
streams .

4.2.2.I       Geology

The  geology  of  the  plains  area  is  substantially  different  than  that
of  the  mountainous  areas.     The  surfacial  geologic  or  soil  materials
of  the  plains  are  a  result  of  erosion  and  deposition  of  the  weathered
material  which  once  comprised  the  Rocky  Mountains.     Stream  beds  are
largely  valley-fill  deposits   (recent  water  deposited  gravels,  silts
and  clays) .     Progressing  eastward  from  eastern  Larimer  County  across
Weld  County,   the  presence  of  wind  deposited  materials  is  more  pro-
nounced.     The  undifferentiated  valley  fill  deposits  support  an
extensive  groundwater  basin  adjacent  to  main  stream  channels.
Subsurf ace  f low  gradients  into  or  out  of  the  stream  channel  are
dependent  upon  the  season  and  level  of  groundwater  tables.     Since
hydrologic  modifications  began  in  the  1860's  to  present  day,  ground-
water  tables  have  been  continually  rising.    Current  subsurface
recharge  from  water  tables  to  the  Poudre  and  Big  Thompson  is  estimated
to  be  from  1  to  3  cfs  per  mile.

Geologic  materials  underlying  the  surface  deposits  are  largely
sandstones  and  shales.     Many  of  the  shale  deposits   (Pierre  Shale)
are  highly  saline  and  subsurface  recharge  waters  to  the  main  stream
may  result  in  high  levels  of  total  dissolved  solids   (See  Interim
WQMP   Report  Nos.    3   and   22)  .

Plains  streams  throughout  the  region  characteristically  are  void  of
large  rocks  and  boulders.     Sedimentation  has  filled  in  any  areas
where  pools  or  riffles  may  have  occurred.     Relatively  uniform  bottom
characteristics  of  silts  and  clays  have  significantly  reduced  the
capability  for  reaeration  and  thus  reduced  the  ability  for  some
aquatic  species  to  survive  and  propagate.

4.2.2.2        Channels   and  Banks

As  the  streams  emerge  from  the  mountain  areas  many  phenomena  occur
which  may  alter  channel  and  bank  characteristics  in  the  plains
areas.     Since  stream  gradients  are  less,   stream  velocities  are
reduced  and  the  energy  available  to  erode  and  carve  channels  is
significantly  lessened.     Results  are  the  settling  out  of  sediments
to  the  stream  bottom  and  the  covering  of  larger  coarse  sands,
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gravels  and  rocks  which  are  important  to  the  survival  and  propa-
gation  of  much  stream  life.    Warmer  ambient  air  temperatures,
shallow  wide  stream  channels,   less  vegetation  to  shade  channel
bottoms  and  numerous  water  diversions  which  reduce  total  volume  of
flow  from  the  channel  all  contribute  to  increased  water  temperatures.

Meandering  stream  character,   typical  of  low` velocity  streams,  i§
evident  throughout  the  plains  areas.    It  is  particularly  prominent
on  the  Cache  la  Poudre  from  Fort  Collins  to  Greeley,  the  South
Platte  throughout  Weld  County  and  on  the  Big  Thompson  River  from
Interstate  Highway  25  to  the  confluence  with  the  South  Platte
River ,

Sediments  from  a  variety  of  sources .including  agriculture,  municipal
and  industrial  discharges  and  nature,  may  also  add  some  organic  or
oxygen  demanding  materials  which,  when  settled  out,  may  decompose  in
the  absence  of  oxygen.    These  anaerobic  bottom  conditions  inhibit
the  development  of  desirable  stream  bottom  life.

In  general,  stream  bank  materials  are  relatively  easily  erodable
soils.     Stream  banks  are  commonly  I  to  4  feet  above  a  mean  stream
flovy.    Although  bank  materials  are  not  particularly  stable,  the
greatest  impacts  of  stream  bank  erosion  are  f luctuation  of  f low  in
the  river  and  the  extent  to  which  adjacent  land  uses  may  cause
erosion  of  at  bank  materials.     In  some  areas  land  cultivation  or
other  activities  may  occur  up  to  the  stream  bank  edge.     In  other
areas,  buffer  strips  may  protect  stream  banks  from  encroachment  by
heavy  farm  equipment  or  conveyance  of  surface  runoff  to  the  stream.

4.2.2.3       Stream  Life

More  so  than  the  mountainous  areas,   the  plains  streams  have  under-
gone  significant  changes  over  the  last  120  years.     Man's  influences
through  adding  or  deleting  water  from  the  stream,  and  pollution  fran
municipal,  industrial  and  agricultural  activities  have  profoundly
affected  plains  stream  life  -  both  beneficially  and  adversely.    It
has  been  reported   (Bluestein  and  Hendricks,   1975)   that  little  study
on  the  aquatic  life  of  either  the  historic  or  present  biota  of  the
plains  portion  of  the  South  Platte  and  tributaries  has  been  com-
pleted.    Where  data  was  available,  it  had  been  prepared  for  a  single
purpose  and  only  at  specific  locations,  frequently  over  different
time  periods  and  using  different  methodologies.    Many  studies  have
been  qualitative   (e.g.,  only  species  present  by  number)   rather  than
quantitative   (e.g.,  density  or  biomass  of  each  species  present)   and
frequently  data  is  missing  regarding  seasonal  stream  f low  fluc-
tuations.    Both  quantitative  measurements  of  stream  life  present  and
stream  flow  data  are  extremely  important  in  assessing  water  quality.
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Siltation  from  irrigation  return  flows  and  natural  precipitation
have  contributed  to  degraded  bottom  conditions.     In  the  past,  high
suspended  solids  levels  from  municipal  and  industrial  discharges
have  contributed  to  bottom  deposits.     With  broad  scale  implemen-
tation  of  secondary  or  equivalent  treatment,   this  source  has  been
eliminated.     In  some  areas,   sediment  and  silt  tend  to  build  up
during  low  flow  conditions,  but  are  washed  downstream  when  flows
increase  during  spring  runoff .     Bottom  deposits  may  vary  from  6-12
inches  in  depth  throughout  the  plains  stream  segments.    Organic
oxygen  demanding  materials  in  these  deposits  and  the  absence  of  Sand
and  gravels  has  a  profound  ef feat  on  the  numbers  of  individuals  and
diversity  of  desirable  aquatic  species  present   (Bluestein  and  Hendricks,
1975)  .

More  tolerant  fish,   such  as  carp  and  sucker,  survive  in  these  heavily
impacted  plains  streams.     These  fish  and  their  eggs  can  survive  in
very  low  concentrations  of  dissolved  oxygen  and  other  adverse  condi-
tions.    The  reproduction  characteristics  of  these  species  in  comparison
to  other  warm  water  species,  such  as  bass  or  crappie,  also  contributes
to  their  success.     These  fish  eat  organic  material  and  the  worms  and
insects  which  thrive  in  the  soft  sediment  of  these  streams.

The  warm  water  plains  streams  do  not  always  have  enough  continuous
flow  so  that  f ish  can  swim  from  pool  to  pool  in  search  of  food  and
suitable  spawning  areas.     Sufficient  flow  is  also  required  to  carry
food  to  fish  which  do  not  eat  the  organisms  which  live  in  sediments.
This  requirement  is  more  critical  to  fish  such  as  bass  and  crappie
than  to  rough  fish  such  as  carp.     Stream  flow  requirements  are
extensively  discussed  in  Section  6.4.i  of  this  report.

4.3      FISHERY   RESOURCES

Fishes  are  only  a  small  part  of  the  aquatic  ecosystem,  but  because
of  their  position  on  the  top  of  the  ecosystem  food  chain,  they  can
be  a  valuable  and  readily  observed  indicator  of  the  health  of  the
aquatic  ecosystem.     The  aquatic  ecosystem  is  a  highly  complex
system  of  energy,  microorganisms,   plants,  and  animals.     The  well-
being  of  the  ecosystem  is  dependent  upon  the  presence  or  absence  of
certain  key  physical,   chemical,   and  biological  elements  and  their
interactions.     The  basic  nature-governed  law  of  ecosystem  development
and  maintenance  is  to  achieve  the  largest  and  most  diverse  organic
structure  as 'possible  within  the  limits  set  by  the  available  energy
and  prevailing  physical  and  chemical  conditions  of  the  system.

4.3.I            Descri tion  of  a  Fisher
A  fishery  is  actually  an  aquatic  ecosystem  with  fish  at  the  top  of
the  food  chain.     In  order  for  fish  to  survive,  an  entire  food  chain
must  exist.     Nearly  all  food  chains  begin  with  primary  productes,  or
green  plants  which  derive  energy  from  the  sun.     Grazers,  or  animals
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which  feed  on  green  plants,   are  next  in  line  in  an  ecosystem.     Other
carnivores  such  as  mayfly  nymphs  feed  on  these  plant  eaters.     Fish,
being  at  the  top  of  the  food  chain,   feed  on  almost  every  form  of
life  that  acquires  energy  from  the  green  plants,  including  insects,
fish  eggs,  and  other  fish.     Each  form  of  life  mentioned  above,   from
the  green  plants  to  fish,  is  a  link  in  the  food  chain.

Each  link  in  the  food  chain  is  necessary  to  the  survival  of  the
total  ecosystem.     Each  form  of  life  has  a  given  set  of  environmental
conditions  in  which  it  can  survive.     These  environmental  conditions,
including  water  temperature  and  various  c6nstituents  of  water  quality,
determine  the  types  and  numbers  of  individual  organisms  which  may
exist  in  the  water.    Ranges  of  in-stream  concentration  of  various
water  quality  parameters  and  water  quantity  will  determine  the
species  and  numbers  of  individuals  which  may  survive.     Millions  of
dollars  of  private  and  public  funds  have  been  spent  by  scientists
and  researchers  in  an  attempt  to  clef ine  limiting  environmental
constraints  to  various  organisms  for  developing  water  quality  criteria
and  standards  to  protect  aquatic  biota.    The  state-of-the-art  Qf
such  scientific  investigation  is  still  in  its  embryonic  stages  and
will  require  much  refinement  as  it  develops.

Survival  limits  of  an  organism  may  not  be  so  obvious  as  is  the
influence  of  the  range  of  temperature.     F`or  example,  certain  aquatic
insects  live  only  in  clear,   fast-flowing  cold  water  stream  habitat.
Some  of  these  insects  attach  themselves  to  rocks  on  the  bottom  and
feed  on  microscopic  plants  and  animals  that  are  carried  past  by  the
current.    As  oxygen  breathers,  it  is  imperative  for  their  survival
to  have  the  flowing  water  carry  dissolved  oxygen  to  them.     If  the
rock  is  covered  with  silt,  the  organism  cannot  accomplish  these
fuctions  and  it  will  die.    The  fertilized  egg  of  a  trout,  bass,  or
other  f ish  requires  conditions  very  comparable  to  those  of  these
insects.    Eggs  must  be  in  direct  contact  with  oxygen  rich  water  in
order  to  survive.     If  silt  accumulates  on  the  egg,  it  will  suffocate
and  never  hatch.

For  any  species  to  remain  self-sustaining,   it  must  be  able  to  survive
each  part  of  its  life  cycle.     In  a  complex  aquatic  environment,  this
fact  is  often  not  recognized.    A  fish  egg  must  be  laid  in  an  environ-
ment  in  which  it  will  survive  until  it  hatches.    Fry  must  be  able  to
survive  until  they  are  adults.    Thus,  both  water  quality  and  water
quantity  become  paramount  considerations  in  the  perpetuation  of  a
diverse  and  stable  aquatic  ecosystem.     If  water  quality  varies
separately  or  in  conjunction  with  water  quantity  in  the  system,
serious  adverse  effects  on  the  system  can  occur.     For  example,
should  temperature  change  drastically  or  available  oxygen  in  the
water  be  reduced  or  if  the  water  should  become  laden  with  silt
resulting  from  some  activity  in  or  adjacent  to  the  water  body,  a
link  in  the  life  cycle  of  the  ecosystem may  be  interrupted.    This
can  modify  the  whole  structure,  diversity,  and  numbers  of  species  of
the  aquatic  ecosystem.
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The  aquatic  ecosystem  may  also  be  af fected  through  the  introduction
of  new  competing  organisms.     For  example,   the  addition  of  a  new  fish
species  could  tend  to  modify  the  food  chain.     This  may  also  affect
the  ecological  relationship  occupied  by  these  new  organisms  if  they
are  more  or  less  tolerant  to  the  environmental  conditions  than  other
inhabitants .
4.3.2            Definition  of  Warm  and Cold  Water  Fisheries
The  waters  of  Larimer  and  Weld  Counties  may  be  broadly  classified  as"warm"  or   "cold"   in  accordance  with  Colorado  Water  Quality  Law.
For  purposes  of  this  report,  a  cold  water  fishery  will  be  defined

simply  as  one  which  has  the  capability  to  support  trout.     It  is
usually  characterized  by  water  temperatures  which  do  not  exceed  200C
(680F)   for  extended  periods  of  time.     A  warm  water  fishery  is  one
which  may  Support  a  wide  diversity  of  species,  both  native  and
introduced,   including  such  fishes  as  bass,  crappie,   sun fish,  and

::::;di:: 3go:sT:55f, :ha::c!:r:?::o:! ::::rw:g:e:::;:::t:::s?ormally
quantity,  and  other  environmental  conditions  may  affect  the  presence
of  a  warm  or  cold  water  fishery.     Transitional  stream  segments,
lakes,  and  reservoirs  may  not  clearly  meet  the  definition  of  a  cold
or  warm  water  f ishery  because  of  seasonal  variations  in  water  temper-
atures  or  because  water  quantity  in  the  System  may  be  subject  to
extreme  variation,   i.e. ,  controlled  by  man  or  nature.

4.3.2.i       Cold  Water  Fisheries

The  cold  water  lakes  and  streams  in  the  region  are  all  in  Larimer
County.     The  major  cold  water  streams  are  the  Laramie,  Cache  la
Poudre,   Big  Thompson  and  Little  Thompson  Rivers,   and  their  tribu-
taries  from  the  cool  shaded  mountain  valleys  onto  their  emergence  on
the  warmer  open  plains.     There  are  numerous  cold  water  lakes  and
reservoirs  associated  with  these  streams,  including  the  lakes  of
Rocky  Mountain  National  Park,   Roosevelt  National  Forest,  Lake
Estes,   and  some  of  the  lakes  and  reservoirs  of  the  foothills.    Most
of  these  waters  support  trout  populations.    Many  of  these  water
bodies  must  rely  on  annual  fish  stocking  programs  to  maintain
populations,   as  environmental  conditions  may  not  be  conducive  to
propagation  of  self-sustaining  fisheries.    Fishing  pressures  may
also  require  that  stocking  occur  in  heavily  used  recreation  areas.

4.3.2.2       Transitional  and  Warm  Water  Fisheries

As  the  cold  water  streams  flow  outward  on  the  plains  areas,  many
changes  occur.     The  shaded,   relatively  deep  rock-lined  channels
characteristic  of  the  mountain  streams  become  wide,   shallow,  unshaded,
low  gradient  stream  courses.    These  conditions  along  with  wamer
ambient  air,   increase  water  temperature,  reduce  oxygen  replinishment,
and  further  modify  environmental  conditions  for  aquatic  inhabitants.
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Reservoirs  and  streams  of  the  foothills  areas  are  examples  of  transi-
tional  or  "cool"  water  fisheries.    The  environmental  conditions  of
these  water  bodies  are  such  that  they  may  support  both  trout,  pike
and  perch.     In  fact,   such  reservoirs  as  Horsetooth  and  Carter  Lake,
may  be  categorically  classified  as  "cold  water",  but  in  reality
support  some  cooler  warm  water  species.     The  Cache  la  Poudre  River
in  the  transitional  segment  may  seasonally  be  a  cold  water  fishery
when  seasonal  flow  and  water  temperature  permit,  but  may  be  a  warm
water  f ishery  when  flows  are  low  and  water  temperature  increases  in
summer.     And,   in  fact,   there  may  be  no  fishery  seasonally  when  there
is  no  standing  or  flowing  water  in  the  stream  bed,  due  to  intensive
water  management  practices.

The  warm  water  bodies  of  the  plains'a'reas  support  different  species
than  the  cold  waters  of  the  mountains.    Trout  are  replaced  by  crappie,
sun fish,  bluegills,  carp,  suckers,  and  a  number  of  forage  fish  not
present  in  the  cooler  waters.    These  fishes  are  more  suited  to  the
higher  temperatures,   lower  dissolved  oxygen  levels  of  the  slow-
moving  warm  plains  waters.     They  may  also  be  capable  of  withstanding
a  wider  range  of  other  environmental  factors  which  af feet  survival
and  propagation,  including  other  natural  physical  stream  characteris-
tics   (discussed  in  Section  4.3.2)   and  man-induced  changes,   such  as
water  management  practices  which  reduce  water  quantity  and  point  and
non-point  pollutant  discharges  which  affect  water  quality.

4.3.3           Historical  Fisheries

The  historical  distribution  of  f ish  species  in  all  of  the  South
Platte  River  Basin  and  particularly  Larimer  and  Weld  Counties  has
not  been  well  documented.     Incomplete  investigations  of  hydrology
and  biota  beginning  as  far  back  as  1891  confi]rm  the  status  of  the
South  Platte  River  and  its  tributaries  as  streams  which  are  subject
to  major  f low  variation  with  resulting  effects  on  stream  temperatures
and  bottom  conditions.    The  South  Platte  River  and  its  tributaries
are  relatively  void  of  many  species  present  in  other  portions  of  the
Missouri  River  Basin  because  of  water  quantity  and  other  ecological
barriers  which  may  not  have  permitted  the  introduction  and  propagation
of  certain  species  indigenous  to  other  portions  of  the  Missouri
River  Basin.     The  amount  and  variety  of  habitats  may  be  directly
related  to  the  quantity  and  timely  distribution  of  water  in  the
basin.     It  is  logical  to  assume  that  in  the  arid  climate  of  the  West
that  a  large  system  is  likely  to  be  more  stable  than  a  smaller  one.
It  is  also  reasonable  to  assume  that  before  extensive  water  resource
development,  including  transmountain  and  transbasin  diversion,
storage  and  timely  regulation,  the  South  Platte  ''was  probably
torrential  during  spring  runof f  and  virtually  stagnant  and  intermit-
tent  during  late  summer"   (Li,   1968) .

A  Colorado  State  University  Masters  Thesis  by  Hiram  Li  entitled,
The  Fishes  of  the  South  Platte  River  Basin,  contains  a  literature
review  w ocuses  on c  observat
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portions  of  the  South  Platte.    Li  refers  to  observations  on  the
hydrology  of  the  Platte  river  system  by  early  explorer  V.   F.  Hayden,
who,   in  1809  stated  that,   ''in  autumn  nearly  all  smaller  streams  will
dry  up  entirely  and  in  several  seasons  the  Platte  has  been  known  to
become  so  low  as  to  have  no  continuous  flow."

Several  newsletters  and  magazines  dating  back  as  far  as  the  1870's
have  referenced  sportsmen  allegedly  catching  trout  on  the  lower
portions  of  the  Cache  la  Poudre  River.     One  author  in  an  1878  issue
of  Forest &  Stream  referred  to
excellance in all  of  Northern  Colorado"  and  indicated  some  loo  iniles

the  Poudre  as  "the  trout  stream  par
of  fishable  waters.    It  is  not  clear  that  the  auth6r-had  intended  to
convey  that  trout  were  present  in  these  waters  on  a  year-round  basis
or  that  trout  f ishing  waters  extended  from  the  headwaters  to  the
confluence  with  the  South  Platte  River  only  seasonally.     Readers  of
these  antiquated  and  sometimes  hazey  accounts  of  sportsmen  and
writers  are  left  to  speculate  the  actual  presence  of  trout  in  the
plains  portion  of  streams  in  the  region.
Of  the  fishes  reported  to  have  which  inhabited  the  South  Platte
River  Basin,  only  one  trout  species  has  been  found  to  be  native  to
the  basin.     This  is  the  greenback  cutthroat   (Salmo  6iaiki-i
All  others  have  been  introduced  either  by sportsmen

stomias)
to  create  new  fisheries  or  by  the  Colorado  Division  of  Wildlif=  iriJ
their  statutory  charge  of  fisheries  management.    All  of  the  common
trout  species  such  as  the  rainbow,  cutthroat,  brown  trout  and  brook
trout  are  introduced  species.     Some,  because  of  their  habitat  require-
ments  and  excessive  recreational  fishing  pressures,  do  not  reproduce
at  self-sustaining  levels  in  prevailing  envirormental  conditions  in
the  streams  of  the  region.    The  only  way  of  sustaining  population
levels  is  through  periodic  stocking.

As  previous'ly  mentioned,  when  the  white  man  came  to  Colorado,   the
greenback  cutthroat  was  the  only  classic  game  fish  found  in  the
South  Platte  and  Arkansas  River  Basin.     Permanent  habitat,   however,
did  not  extend  much  beyond  the  foothills  region.    According  to
Behnke  and  Zarn   (1976) ,   a  drastic  decline  in  native  greenback
cutthroat  populations  occurred  through  a  change  in  streal[`  conditions
resulting  from  development  of  irrigation  diversions,  mining,  grazing,
logging,  other  land  uses,  and  introduction  of  nan-native  trout
species.     Because  of  the  adverse  conditions,  which  hamper  the  existence
of  this  trout  species,  there  is  circumstantial  evidence  to  support  a
theory  that  the  greenback  cutthroat  is  the  most  susceptible  of  all
western  trouts  to  extinction.

Due  to  its  extreme  rareness,  the  greenback  cutthroat  has  been  listed
as  an  endangered  species  by  the  U.S.   Department  of  Interior  under
P.L.   93-205,   the  Endangered  Species  Act  of  1973.
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There  have  been  several  attempts  over  the  years  to  reintroduce  the
species  to  headwaters  of  the  Big  Thompson  River  in .Rocky  Mountain
National  Park   (N.P.S.,1976)   and  Black  Hollow  Creek,   a  tributary  to
the  Cache  la  Poudre  River   (Behnke  and  Zarn,1976).     The  limiting
factor  in  reintroduction  appears  to  be  competition  with  other  intro-
duced  fish  species,  to  the  disadvantage  of  the  greenback  cutthroat.
Reintroduction  is  also  hampered  by  the  federal  statutory  status  of
the  greenback  cutthroat.    As  an  "endangered"  species,  any  waters
which  would  be  restocked  with  the  species  would  require  closing  to
angling.    And  since  all  waters  which  would  be  suitable  for  restocking
are  currently  open  to  fishing,  public  agencies  have  been  somewhat
reluctant  to  approach  the  problem.    Additionally,  in  order  to  accom-
plish  a  restoration  effort,  eradication  of  other  competing  species
has  been  the  prevalent  technique  employed,   also  drawing  criticism.

Numerous  cold  and  warm  water  f ishes  have  been  introduced  to  the
streams  of  the  Larimer-Weld  Region.     Table  4.3.3-A  shows  the  native
and  introduced  species  in  the  region  as  revealed  by  a  literature
search  and  interviews  with  key  f isheries  people  familiar  with
waters  of  the  region.     Column   (i)   denotes  generally  whether  the
species  is  an  inhabitant  of  cold  or  warm  water;   column   (2)   indicates
whethe.r  the  species  is  native  or  introduced  to  streams  in  the  region.

4.3.4            Existin Fisheries

As  mentioned  in  previous  sections,   the  hydrology,   species  compo-
sition  and  pollution  to  the  natural  stream  and  lakes  of  the  region
have  been  substantially  changed  by  man's  influence.     The  augmentation,
storage,  release  and  diversion  of  waters  in  the  Region  has  had
positive  effects  as  well  as  negative  ef fects  on  the  system.    The
construction  of  storage  reservoirs  has  provided  new  habitat  for
fisheries  and  created  new  recreational  opportunities.    The  foothills
and  plains  areas  are  dotted  with  man-made  reservoirs  which  .support  a
wide  variety  of  cold  and  warm  water  fishes.     Release  and  diversion
of  stored  waters  has  modified  fisheries  habitat  and  created  the
potential  for  regulating  f lows  in  the  Cache  la  Poudre  and  Big  Thompson
Rivers ,

For  the  most  part,   criticism  has  been  placed  on  the  Colorado  State
Engineer's  Office  for  regulation  of  river  flows  to  the  disadvantage
of  the  survival  of  fishes.     In  placing  calls  upon  legally  appropriated
water  in  the  system,  the  water  commissioner  will  divert  water  to
satisfy  downstream  users,   frequently  drying  up  the  stream  beds
temporarily.    This  practice  quite  obviously  affects  the  fishery.
There  is,  however,  another  perspective  to  the  influence  of  changes
to  the  hydrologic  system  to  the  advantage  of  supporting  f isheries
where  because  of  prevailing  natural  climatic,  topographic  and  geologic
conditions  only  limited  fisheries  existed  before.    This  is  primarily
the  case  in  the  foothills  and  plains  areas  of  the  region.    The
introduction  of  new  western  slope  waters  to  the  natural  hydrologic
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TABLE   4.3.3-A   (cont.)

KEY   TO   SPECIES   LIST
FISHES   OF   THE   SOUTH   PLATTE   RIVER  BASIN

LARIMER-WELD   REGION

EXPLANATION   FOR   CODING

C  -  Cold  water  -  temperatures  not  normally  exceeding  20°C
W  -  Warm  water  -  temperatures  not  normally  exceeding  30°C

N  -  Native
I  -  Introduced

G  -Game   and  Food.     Species  most   commonly   taken  by
conventional  angling  means  for  food,   including,  but  not
limited  to,  any  of  the  various  fishes  made  a  legal  catch
by  specific  state  legislation.

8  -  Species  for  which  1977  Colorado  fishing  regulations
establish  a  bag  or  possession  limit.

The  classification  of  fishes  into  one  of  the  above
categories  does  not  preclude  the  value  of  such  fishes
as  "sport  fish."    Where  a  sport  fish  may  include
numerous  species  taken  for  consumptive  use,  or  other-
wise  enjoyed  in  a  recreatlonal  experience.

Colorado  State  Statute  defines  sport  fish  in  1973
CRS   33-1-102(35)  .

"Sport  fish  means  all  species  of  trout,
char,  grayling.  salmon,  walleye,  northern
pike,  bass,  crappie,  bluegill,  white fish,
catfish,  perch,  sun fish,  drum,   carp,  Sucker,
Shad,   minnow  and  such  other  species  of  fish
that  may  be  introduced  or  transplanted  into
this  state  for  fishing  or  angling  or  are
classified  as  sport  fish  by  the  Commission".
(Colorado  Wildlife  Commission)
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system  from  the  Colorado-Big  Thompson  project  and  storage  of  water
in  mountain  and  foothills  reservoirs  has  greatly  increased  the
overall  amount  of  water  available  for  longer  periods  of  time  and,  in
fact,  enlarged  and  enhanced  aquatic  habitat  and  the  fisheries  resource.
Both  surface  and  groundwater  resources  have  been  substantially
increased  through  man's  actions.

Before  and  during  the  period  of  water  resource  development  in  the
region,  man  was  experimenting  with  the  introduction  of  various  fish
species  in  the  lakes,  reservoirs  and  streams.     The  number  of  introduced
species  previously  referred  to  in  Table  4.3.3-A  are  evidence  of  this
effort.     Along  with  the  more  desireable  cold  water  fishes,   such  as
trout,  man  has  introduced  warm  water  species  which  according  to  some
sportsmen  are  less  desireable.     Amon'g'these  less  desirable  species
are  the  carp,  bullhead  and  various  species  of  shiners.     The  fishes
are  able  to  survive  under  a  wider  range  of  environmental  conditions
and,   therefore,   flourish  at  the  expense  of  sometimes  more  desireable
species.     There  are  many  more  warm  water  species  of  fish  than  cold
water  species  present  in  plains  reaches  of  streams  in  the  region.

In  November,   1976,   the  Larimer-Weld  Council  of  Governments  sponsored
a  meeting  with  fisheries  biologists,  hydrologists,  water  quality
specialists  and  engineers  from  Colorado  State  University,  Colorado
Division  of  Wildlife  and  the  Colorado  State  Engineers  Of fice  to
assess  the  f isheries  resource  and  water  pollution  problems  for
streams  in  the  region   (see  minutes  of  November  17,1976,   fisheries
meeting,   Appendix  JL) .

Of  principal  concern  to  the  participants  was  the  extent  to  which
water  quantity  and  related  pollution  discharges  entering  an  often
dry  stream  bed  had  upon  the  aquatic  ecosystem.     Discussion  on  the
Cache  la  Poudre  River  system  centered  on  the  idea  that  f low  augmenta-
tion  during  critical  portions  of  the  year  would  be  preferred  to
expensive  treatment  processes  for  municipal  discharges.    One  partici-
pant  noted  that  the  goal  of  "fishable  and  swimable"  waters  as  prescribed
by  Public  Law  92-500  for  the  entire  stretch  of  a  stream  is  out  the
social  equilibrium  of  the  system.     The  law  was  not  made  for  Western
streams .

It  was  also  noted  that  additional  water  storage  on  the  Upper  Cache
la  Poudre  may  be  a  means  of  providing  timely  f low  augmentation
during  critical  periods  for  fisheries  survival  and  would  offer
greater  f lexibility  in  operation  of  the  diversion  and  water  exchanges
on  the  river.    This  alternative  of  course  would  require  additional
water  resource  development  in  the  form  of  high  mountain  reservoirs.

Colorado  State  University  has  been  conducting  a  program  for  the  past
several  years  of  identifying  fish  in  the  lower  Poudre  River.     Twenty-
eight  species  of  fish  have  been  identified  in  the  Cache  la  Poudre
River  between  Fort  Collins  and  Greeley   (Post,1976).     Data  compiled
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on  the  Cache  la  Poudre  River  by  Dr.   S.A.   Morrison  and  Dr.   George
Post  of  Colorado  State  University  Department  of  Microbiology  is
summarized  in  Tables   4.3.3-a  and  4.3.3-C.     Six  sampling  points  on
the  river  covering  the  river  from  above  Martinez  Park  at  Fort  Collins
to  near  the  conf luence  with  the  South  Platte  at  Greeley   (Weld  County
Road  #31)   were  selected.     These  sampling  sites  are  indicated  in
Figure   4.3.3-A.

The  primary  objective  of  the  sampling  program  carried  out  from
April,   1970  through  November,   1975,  was  to  identify  fish  species  and
physical  and  chemical  water  quality  in  the  river  below  major  municipal
and  industrial  discharges  in  the  river.    The  initial  sampling  design
was  altered  in  November,   1972  to  reflect  collected  samples  of  species
by  total  percent  biomass  of  collection  rather  than  just  average
length  of  fish.     It  was  thought  that  this  measure  was  more  meaningful
in  comparison  of  data  between  sample  points  in  terms  of  the  most
prevalent  species  by  total  weight  of  samples.    Another  sampling
point  was  added  to  the  study  in  1974  when  questions  arose  regarding
the  species  composition  before  municipal  or  industrial  point  source
discharges  entered  the  river.

The  summary  data  from  Table  4.3.3-a  indicates  that  even  before  major
discharges  of  pollutants  above  Fort  Collins  are  introduced  to  the
river,   species  composition  by  weight  is  nearly  87  percent  rough  fish
and  only  11.2  percent  game  fish  and  1.2  percent  forage  fish.     While
data  exists  for  only  a  limited  period  of  1-i/2  years,  it  may  still
be  reasonably  concluded  that  the  samples  are  representative  of
species  present  resulting  from  water  quantity  ef fects  on  the  hydrologic
and  biotic  systems.

A'ccording  to  the  Colorado  Division  of  Wildlife,   comprehensive  fisheries
sampling  programs  for  the  lower  South  Platte,  Big  Thompson  and
Little  Thompson  Rivers  have  not  been  conducted.     The  effects  of
stream  dewatering,  physical  stream  characteristics  and  effects  of
pollution  discharges  upon  these  streams  are  generally  similar  to
that  of  the  Cache  la  Poudre.    And  it  is  reasonable  to  assume  that
fish  species  composition  in  these  lower  stream  segments  would  be
somewhat  comparable.     This  position  is  reinforced  by  the  Colorado
Division  of  Wildlife's  limited  fisheries  management  strategies  for
these  areas.

Suckers,   carp,   and  shiner  minnows  are  commonly  found  in  the  warm
water  streams.     Dr.   George  Post  reports  that  nearly  99  percent  of
the  biomass   (by  weight)   in  the  Cache  la  Poudre  between  Fort  Collins
and  Greeley  were  rough  fish  such  as  these.     These  same  species,
along  with  catfish,  bluegill,  bass,   crappie  perch,  pike,  and  many
others  also  inhabit  the  reservoirs  of  the  region.

Rough  fish  such  as  suckers,  carp  and  shiners  thrive  in  bodies  of
water  which  will  not  support  some  of  the  more  desireable  warm  water
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TABLE   4.3.3-a               SUMMARY   DATA   FOR   TABLE   4.3.3-C

Station                           Contro|L          12               |A2             22             32             3A2

ROugh

Game

Forage

86.9                 98.6             98.4             97.4          88.2          94.3

11.2                      .4                   .6                   .2            1.4             i.1

1.9                 i.0               i.0               2.4         10.4            4.6

TOTAL   PERCENT                  loo.0            loo.0    .    loo.0         loo.0100.0100.0

i   -Data  gathered   for  period  August,1974   -November.,   1975

2   -   Data  gathered   for  period  November,   1972   -November,   1975

Fish  Site  Identification:

Station  Clean  Control:     Upstream  part  of  Martinez  Park  on
Fort  Collins  City  Property.

Station  i:     Above  Fort  Collins   #2  Sewage  Treatment  Plant.

Station  lA:     Directly  west  of  rest  area  on  west  side  of  I-25.

Station  2:     Above,   under  and  below  State  Highway   392  bridge.

Station   3:     Approximately   3/4  mile  below  Kodak,  Windsor  plant,
under  and  below  wooden  bridge.

Station  3A:     1/4  mile  above  bridge  on  Weld  County   Road   3r,
directly  west  of  the  David  Rodeo  Arena.
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TABLE   4.3.3-C

plsil  suRVIys,   ig7o-1975,   CACJm  iA  poiIT]RE   RlvER.

Station  Clean  Control:     Upstrean  part  of  Martinez  Park  on  Fort  Collins
City  Property.

Part  8.     August,1974   --November,1975

Fish  Species Collections        Per  collection              Collect-io
Number  of          Average  Number             B£::::§ep:r

*Broun  trout
*Rainbow  trout
White  sucker
Longnose  sucker

*Yellow  perch
`Jo]rmy  darter
Longnose  dace
Creek  chub

*Piunpkinseed  sun fish
*Green  surf ish
*Largemouth  bass
*Black  bullhead

[`'atheatl  mirmow
Sarid  shiner
Common  shiner
Plains  topmimow

*'thitefish

*Denotes  game  fishes

Ei:::c::dp::::etoR|r::::nioi:::i.#i_:i:e3:::ia::a:::e:e=:-:-rip
Research  Institute,   Information  Series  No.   25.     Environmental  Resources
Center.     Colorado  State  University,   Fort  Collins,   Colorado.
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TABLE   4.3.3-C   (cont.)

Station  1:(1)     Ahovc  Fort  Collins   #2  Sewage  Disposal  Plant

Part  A.     April,1970   --August,1972

Fish spccics                 cg#::i.i:I:s       S::rag:1:#:::
Average
Length

in  Inches

Carl)
Longnose  dice
M`ite  sucker
Fathead  minnow
Sand  shiner
`Johrmy  darter
Creer  chub

*Green  .sun fish
Li`;ngnose  sucker
Colmon  .shiner

*Largemouth  b{iss
*Bluegill  sun fish
*r`Iounitain  whi tefish
Plains  killifish

*Black  bass

Part  B.(1)     November,1972   --November,1975

.tsh species                 Goth:::i:Its       S::rag:>]¥:i,::          B:§n;i::::i:

Carp
White  sucker.
Longnose  sucker
Fathead  mirmow
Sand  shiner

*Green  sun fish
*Rainbow  trout
I.ongnose  dace
Creek  chub
Common  shiner
Plains  killifish
LJO]uny  darter

*Rluegill  sun fish

54
227

16
52

*Denotes  ganie  fishes

(I)Part  A  data  l]y  fish  species  cnd  size;  Part  8  data  by  fish  species,
nimber  and  bioinass.
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TABLE   4.3.3-C   (cont.)

Station  lA:     Directly  west  o.£  rest  area  on  west  side  of  I-25.

1'art  8.      November,   1972   --November,   1975

F`ish  Species
Number  of          Average  Number             Bi::::8ep8r

Collections        Per  collection              Collectio

Carp
Miite  sucker
Longnose  sucker
Fathead  mimow
Sand  shiner
Longnose  dacc

A.Grcr`n  sunf ish
*I,argemouth  base
Johrmy  darter
I'1ains  killifish
Common  shiner
Crcck  chub

*Black  bullhead
*Yellow  perch
Brassy  mimow
Com,mom  shincr

*l)enotes  game  I ishes
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TABLE  4.3.3-C   (cont.)

Station  2:     Above,   under  and  below  Highway  Nuniber  392  bridge.

Part  A.     April,1970   -I  August,1972

Fish  Species

Carp
White  sucker
Fathead  mirmow
Sand  shiner
Common  sh.i.ner
Creek  chub
LOT`gnose  dace
Jolrmy  darter
Longnose  sucker
Brassy  mi]mow

*Black  bass
*Punpkinseed  sun fish
*Green  surf ish
Plains  killifish

*Black  bullhead
*I,`irgeniouth  bass

Number  of
Collections

Part  8.     November,   1972   --November,   1975

Number  of
Fish  species                     Collections

Average  Number
Per  Collection

Average  Number
Per  Collection

i::;:fie
in  Inches

Average   %
Biomass  Per
Collection

Carp
White  sucker
Longnose  sucker
Creek  chub
Sand  `shiner
Green  sun fish
Black  crai)pie
Longnose  dace
Fathead  mirmow
Jolrmy  darter
Plains  killifish
Brassy  mirmow
hargenouth  bass
Conmion  shiner
Bluegill  surf ish
Yel.low  perch
Plains  topmimow

*Donotes  game  fishes



TABLE   4.3.3-C   (cont.)

Station  3:     Approximately  three-1ourths  mile  below  Kodalt,  Windsor  plant,
under  and  below  wooden  bridge.

Part  A.     Ai)ril,1970   --August,   1972

Fish  Species

Carp
Longnose  dace
White  sucker
Fathead  mirmow
Sand  shiner
Cormn  shiner
`Johmy  darter

*Green  surifish
*Punpkinseed  sun fish
Creek  chub

*Largemouth  bass
Plains  killifish
Longnose  sucker

*Black  bass
Brassy  minnow

*Bluegill  sun fish
*Black  bullhead

Number  of
Collections

Part  8.     November,   1972   --November,   1975

Fish  Species

#:¥e  s`ucker
Sand  shiner
Common  shiner
Fathead  minnow
Creek  chub
Longnose  dace

:tGreen  sun fish
Bi.ook  stickelback

*LJ:Llg:o::a]-:::5er
Brassy  mirmow

*Bluegill  sun fish
Joluny  darter
Plains  killifish

*Yellow  perch
*Black  bullhead
Red  shiner
Largenouth  bass

*Denotes  gane  f ishes

Number  of
Collections
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Average  Number
Per  Collection

Average  Number
Per  Collections

Average
IJength   `

in  Inches

Average   %
Biomass  Per
Collection



TABLE   4.3.3-C   (cont.)

Station  3A:     One-fourth  mile  above  bridge  on  Weld  County  RD-31,   directly
west  of  the  I)avis  Rodeo  Arena.

P.'irt   8.     Novelnbcr,   1972   --Novenber,   1975

Fish  Species
Number  of

Collections

4-33

Average  Nun`ber
Per  Collection

Average   %
Biomass  Per
Collection

Miite  sucker

A.8:£;n  sun fish
Sand  shiner
Fathead  m`irmow
Plains  killifish
I.ongnose  sucker
Black  bullhead
Longnose  dace
Jo]uny darter
Creek  chub
Common  shiner
Rainbow  trout
Yellow  perch
Largemouth  bass
Brassy  mirmow
Red  shiner

*Denotes  game  f ishes
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sport  fish  such  as  bass  and  crappie.     One  of  the  reasons  rough  fish
outcompete  these  other  fish  is  that  they  may  lay  as  many  as  two  to
four  times  as  many  eggs  as  do  bass  or  crappie.     For  example,   a
sucker  lays  approximately  one  million  eggs,  as  opposed  to  a  bass
which  lays  about  250,000  eggs.     Also,   the  rough  fish  are  capable  of
living  in  a  wider  range  of  quality  water  than  are  bass  or  crappie,
and  are  more  tolerant  to  fluctuating  pollution  conditions.

4.3.5           Seasonal  Distribution  of  Fishes

Claims  of  catching  cold  water  fish  species  such  as  brown  or  rainbow
trout  in  areas  normally  considered  warm  water  habitat  have  been  made
in  the  past.    These  reports  have  been  primarily  restricted  to  lower
portions  of  the  Cache  la  Poudre  andiBig  Thompson  Rivers,   and  most
are  recalled  in  the  minds  of  long-time  residents  of  the  area.    No
written  records  regarding  these  catches  have  been  reported.    Some
cold  water  f ish  species  have  also  been  found  even  recently  in  plains
irrigation  ditches  where  fish  have  apparently  entered  from  upstream
diversion  waters.     It  may  be  speculated  that  these  fish  in  streams
or  irrigation  ditches  have  occurred  here  only  on  a  migratory  seasonal
basis   (high  flow  conditions)   and  are  not  present  because  these  areas
are  natural  habitat  conducive  to  year  around  survival  or  propagation
either  due  to  past  or  present  water  quality  or  water  quantity.
Conf irmation  of  such  reports  and  conclusions  is  a  topic  of  further
study .

4.4      WATER   BASED   RECREATION

The  Larimer-Weld  Region  provides  a  wide  diversity  of  passive  and
active  recreation  opportunities.    Private,  state  and  federal  lands
are  available  for  many  types  of  recreation,  many  of  which  are  oriented
on  or  adjacent  to  water  bodies.    This  area  serves  as  a  recreation
resource  for  local  residents  and  numerous  visitors  outside  the
Region  and  the  State.

Although  the  Larimer-Weld  Region  has  about  6.3  percent  of  the  total
Population  of  the  South  Platte  River  Basin  in  Colorado  and  Wyoming,
it  contains  25.4  percent  of  the  water  recreation  acres  and  33.3
percent  of  the  general  recreation  lands.     In  contrast,  Denver  County
has  roughly  30  percent  of  the  population  of  the  South  Platte  River
Basin  and  only  1.0  percent  of  the  water  recreation  acres  and  0.2
percent  of  the  recreation  lands   (BOR,1976) .

4. 4.i           Recreation  Distribution

Few  authoritative,  comprehensive  recreational  studies  on  total  water
recreation  user  activities  are  available  for  both  public  and  private
lands  in  the  region.     It  is  reasonable  to  assume,  however,  that  a
greater  portion  of  water  based  recreation  occurs  in  the  mountains,
foothills  and  western  plains  areas  on  tributaries  of  the  South
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Platte  rather  than  on  the  plains  and  main  stream  South  Platte.
Several  factors  have  influenced  this  historic  trend.    First,  more
access  is  available  in  the  mountain  and  foothills  areas  because  of
more  publically  owned  lands;   second,   for  many  persons  the  landscape
diversity,  vegetation  and  wildlife  of  the  mountain  and  foothills
zones  are  more  aesthetically  appealing  than  the  plains  areas;  third,
these  areas  provide  a  greater  opportunity  for  catching  cold  water
fish  species   (trout)   than  do  the  warmer  plains  waters.     For  some,
the  quality  of  the  recreational  experience  of  angling  for  a  cold
water  fish  surpasses  that  of  angling  for  a  warm  water  species.
Recreation  user  data  compiled  by  State  and  Federal  agencies  confirms
these  current  use  characteristics.    However,  changing  value  preferences
for  recreation  may  alter  historic  trends.

'

The  plains  portion  of  the  streams  in  the  region  are  valued  more  for
the  activities  which  may  occur  adjacent  to  or  on  the  water  rather
than  in  them.    Significant  attempts  at  providing  public  access  to
water  bodies,  particularly  reservoirs,  in  the  plains  area  have  been
made.     However,  much  land  is  owned  by  farmers  and  ranchers  who  are
reluctant  to  permit  public  access  because  of  historical  accounts  of
vandalism  and  general  lack  of  respect  for  fences,  livestock  and  farm
equipment.    Recreation  and  wildlife  value  of  the  plains  is  still
quite  high.    The  principle  use  of  the  plains  streams  and  adjacent
riparian  vegetation  are  as  wildlife  habitat  for  migratory  and  upland
bird  populations   (Bluestein,1975).     No  reports  or  studies  which
have  been  completed  to  date  have  shown  high  recreational  use  or
significant  demand  for  the  main  stream  of  the  South  Platte  in  Weld
County.     The  U.S.   Bureau  of  Outdoor  Recreation   (now  the  Heritage  and
Conservation  Trust) ,  however,   has  recently  completed  a  draft  prelim-
inary  feasibility  study  for  designation  of  the  South  Platte  River
from  Chatfield  Reservoir  to  the  Weld  County/Morgan  County  line  as  a
National  Urban  Riverway   (BOR,1977).     Such  designation  would  require
an  Act  of  Congress  and  considerable  additional  study  and  funding.

4.4.2           Recreational  Fisheries  and  Recreation Use  Characteristics
In  view  of  the  natural  and  man-made  conditions  and  inf luence  on  the
hydrologic  system  in  the  Larimer-Weld  Region,   the  Colorado  Division
of  Wildlife  has  concentrated  its  fisheries  management  efforts  on
improving  and  enhancing  aquatic  habitat  in  geographic  areas  where  it
could  maximize  benefits  for  recreational  experiences  at  least  cost
(Nittman,   1977) .     Recreational  demand  or  the  value  of  a  fishing  area
is  measured  in  terms  of  angler  days.    Historically,  the  greatest
public  demand,   and  therefore  the  majority  of  funding,  has  been  for
cold  water  type  fishing.     Fish  stocking  programs  and  habitat  improve.-
ment  have  been  concentrated  in  streams,   lakes  and  reservoirs  of  the
mountains  and  foothills.    Lesser  attention  has  been  given  to  the
plains  areas  although  plains  reservoirs  are  receiving  more  attention
in  recent  years.     Management  efforts  have  not  been  encouraged  in
areas  of  marginal  habitat  or  where  water  quality,  water  quantity,
low  recreation  demand,   limited  public  access  problems  are  presenc.
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4.4.2.i       Cache  la  Poudre  River

From  the  source  of  the  Cache  la  Poudre  River  to  the  conf luence  with
the  North  Fork  of  the  Cache  la  Poudre  River  nine  miles  northwest  of
Fort  Collins,  there  are  over  25  public  campgrounds,  picnic  areas  and
rest  stops.     Most  are  operated  by  the  U.S.   Forest  Service.     In
addition,  there  are  numerous  private  homes,  resorts  and  trailer
parks  on  either  side  of  the  river.    Most  land  ownership  in  this  area
is  federal  with  the  exception  of  interspersed  private  lands  running
the  length  of  Joe  Wright  Creek  and  the  Cache  la  Poudre  along  the
main  stream  course.     The  largest  concentration  of  privately  owned
lands  is  near  Elephant  Mountain,  Kinnikinnick,   and  from  Idylwild  and
on  the  South  Fork  of  the  Cache  la  Poudre,   and  from  south  of  Tom
Bennett  Campground  along  F`orest  Road  No.   145  and  No.   131  to  the
Bennett  Creek  picnic  ground.

The  U.S.  Forest  Service  is  currently  studying  the  Cache  la  Poudre
River  and  the  South  Fork  of  the  Cache  la  Poudre  for  designation  as  a
Wild  and  Scenic  River  under  Section  2  of  Public  Law  90-542.     All  or
portions  of  the  river  may  receive  designation  status  in  one  of  three
management  categories.     The  Wild  and  Scenic  River  study  area  for  the
Cache  la  Poudre  encompasses  an  area  one-half  mile  wide  along  the
main  stream  Cache  la  Poudre  from  its  source  at  Poudre  Lake  in  Rocky
Mountain  National  Park  to  the  eastern  boundary  of  the  Roosevelt
National  Forest  northwest  of  Fort  Collins   (65  miles  of  running
stream) ,   about  4  miles  west  of  Ted's  Place  on  Highway  14;   and  the
South  Fork  of  the  Cache  la  Poudre  River  from  its  source  in  Rocky
Mountain  National  Park  near  Icef ield  Pass  to  the  conf luence  with  the
main  Poudre  near  Egger   (23  miles  of  running  stream) .

The  Cache  la  Poudre  River  from  its  source  to  the  Greeley  Water
Filtration  Plant  is  managed  as  a  cold  water  f ishery  by  the  Colorado
Division  of  Wildlife.     Annual  fish  stocking  programs  include  stocking
of  over  6,000  pounds  of  rainbow  trout  in  the  river.     Included  in
this  area  are  several  stretches  of  Wild  Trout  Waters.    These  Wild
Trout  Waters  are  not  Stocked.     Reproduction  is  natural  and  angling
is  permitted  only  with  artificial  flies  and  lures.    One  such  area  is
located  on  the  Upper  Poudre  4  miles  west  of  Rustic  and  extends
upstream  for  approximately  2-I/2  miles.     There  are  no  apparent
f isheries  management  problems  in  this  area  resulting  from  water
quality  or  water  quantity  impacts  of  man's  use  of  the  river  or
adjacent  lands.

A  second  area  of  Wild  Trout  Waters  extends  from  above  the  Monroe
Gravity  Canal   (North  Poudre  Supply  Canal)   at  the  mouth  of  the  canyon
to  the  diversion  structure  for  the  Greeley  Water  Filtration  Plant.
Some  water  quality  and  water  quantity  problems  have  arisen  in  the
past  resulting  from  drying  up  of  the  river  at  the  Monroe  Gravity
Canal  for  irrigation  purposes  and  from  sediment  discharges  from  the
City  of  Greeley's  Seaman  Reservoir  on  the  North  Fork  of  the  Poudrej
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and  to  some  extent  from  discharges  from  the  Fort  Collins  Water
Filtration  Plant.    These  activities  have  all  reportedly  resulted  in
fish  mortality  downstream.    Currently,  management  efforts  to  control
water  quality  and  water  quantity  problems,  for  the  most  part,  are
based  on  voluntary  actions  by  the  City  of  Greeley,  the  Poudre  River
Water  Commissioner,   and  a  State-issued  waste  treatment  discharge
permit   (NPDES)   to  the  City  of  Fort  Collins  for  their  water  filtration
plant  operations.
Downstream  from  the  Greeley  Water  Filtration  Plant,   the  Colorado
Division  of  Wildlife  does  not  stock  the  Poudre  River.     Primary
consideration,  in  addition  to  municipal  and  industrical  discharges,
for  not  stocking  in  these  areas  is  lack  of  public  access  to  private
lands,  and  water  quality  and  water  quantity  problems  resulting  from
diversion  of  instream  waters  for  irrigation  purposes.    In  addition
to  the  Monroe  Gravity  Canal,   there  are  ten  other  diversions  which
may  completely  exhaust  f low  in  the  river  beginning  in  May  and  extending
through  the  summer.

The  Poudre  River  through  the  City  of  Fort  Collins  is  receiving
increased  use  as  a  recreational  stream.    Recreational  trail  develop-
ment  proposed  by  Larimer  County  and  the  City  of  Fort  Collins  will
increase  access  to  the  river  at  various  locations  and  place  new
demands  on  the  river  and  adjacent  riparian  stream  sides.     The  City
of  Fort  Collins  is  proposing  a  recreational  trail  from  Taft  Hill
Road  in  the  north,  along  the  river,  to  East  Prospect  Street  in  the
south  and  possibly  one  mile  further  south  to  the  Colorado  State
University,  Northern  Colorado  Nature  Center  near  Fort  Collins  Waste
Treatment  Plant  No.   2  at  Drake  Road.     Implementation  of  the  proposal
is  being  carried  out  under  a  six  year  Capital  Improvements  Program
sponsored  by  the  City  of  Fort  Collins,  and  in  areas  under  county
jurisdiction  through  the  proposed  Open  Space  Plan  for  Larimer  County.
The  first  phase  of  trail  development  will  be  from  North  Shields
Street  to  College  Avenue.     Secondary  contact  recreation   (wading)   is
proposed  as  far  down  as  College  Avenue.     Canoeing  and  limited
tubing  occurs  in  the  river  all  the  way  to  the  CSU  Nature  Center  and
canoeing  is  further  to  continue  as  far  as  the  rest  stop  at  Interstate
25.

The  City  recognizes  that  physical  barriers  along  the  river,  including
irrigation  diversion  structures  and  outlets,  will  seasonally  require
short  portages  for  canoeists  and  tubing  recreationists.

No  in-stream  f ishing  activities  are  proposed  below  Martinez  Park  at
College  Avenue.     However,   there  is  some  discussion  of  fisheries
development  in  gravel  pits  along  the  Poudre  River  adjacent  to  Flat
Iron  Paving  Company.
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this  study  area,  Colorado  State  Highway  14  to  Larimer  County  Road
40,   several  alternatives  have  been  developed.    Among  the  various
alternatives  are  proposals  for  a  river  sport  fishery.    The  proposal
was  developed  in  conjunction  with  Dr.  Robert  J.   Behnke  and  Charles
Prewitt,  Department  of  Fisheries  and  Wildlife  Biology,  Colorado
State  University.     The  most  ambitious  alternative  examined  was  to
establish  a  trout  fishery  from  Fort  Collins  to  Interstate  25.    This
Would  entail  that  maximum  water  temperature  not  exceed  approximately
75  F.   (5  mg/I)   and  the  minimum  oxygen  levels  not  fall  below  five  parts  per
million   (5ppm) .     To  achieve  this  level  of  development,   ammonia
removal  and  chlorine  residual  removal  from  Fort  Collins  waste  treat-
ment  plants  and  f low  augmentation  in  low  f low  seasons  would  be
required.     Minimum  stream  flow  to  maintain  the  physical  and  chemical
attributes  suitable  for  trout  at  thati time  were  not  accurately
predicted,  but  it  was  estimated  that  a  flow  of  approximately  50
cubic  feet  per  second   (cfs)   would  be  necessary.    Additional  recrea-
tional  fisheries  possibilities  were  was  examined  for  Sterling  Ponds,
Prospect  Ponds,  Anderson  Pond  and  proposed  ponds  to  the  south.     All
of  these  management  proposals  would  require  extensive  site  modifica-
tion  and  stabilization  to  correct  disturbed  areas  and  would  require
stocking  and  management  of  f isheries  resources  by  the  Colorado
Division  of  Wildlife.    For  all  these  proposed  fisheries  recreation
areas,  it  is  anticipated  that  an  increased  use  in  the  area  would
occur  through  improvement.     This  would  include  increased  use  of
riparian  vegetation  habitat  through  ecosystem  enhancement  from  flow
augmentation,  thereby  resulting  in  increased  benefits  to  wildlife.
Aesthetics  improvement  and  increased  public  access  would  make  the
areas  more  desireable  for  hikers  and  birdwatchers.     The  Proposed
+   _  __  i  _.   _   __       -_

areas  a Fort  Coil |ns CSU  Nature
Center  which  would  be  incorporated  into  a  trail  system  serving  the
Fort  Collins  and  Larimer  County  residents.     Specific  needs  would
include  negotiation  for  trail  rights-of-way  and  establis]rment  of
natural  park  areas  along  the  Poudre  River  south  of  the  Strauss  Cabin
to  the  confluence  of  Fossil  Creek  and  establishment  of  rights-of-way
and  natural  park  areas  along  the  Poudre  River  north  of  Fort  Collins
to  Laporte.    No  other  activities  are  expected  in  the  way  of  develop-
ment  of  open  space  or  trails  south  of  the  Strauss  Cabin  to  the  Weld
County  line.

The  Cache  la  Poudre  through  Weld  County  to  its  conf luence  with  the
South  Platte  at  Greeley,   has  not  been  viewed  as  a  high  demand  recre-
ational  stream  for  many  years.     Limited  public  access,  adverse  water
quantity  and  quality  conditions  suitable  for  self-perpetuating  warm
water  fisheries  has  resulted  in  limited  recreational  use.    The
Larimer-Weld
the  Poudre  River¥tffi Guideline  recommends  eventual  extension  of

in  the  Fort  Collins  area  all  the  way  to
Greeley.    This  trail  would  provide  a  relatively  long  plains  type
nature  trail  for  non-motorized  use.    At  present,  the  City  of  Greeley
and  Weld  County  do  not  envision  financial  participation  in  trail
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development  as  other  areas  have  received  higher  priority.     Some
interest,  however,  has  been  expressed  for  upgrading  ponds  created  by
gravel  extraction  activities  in  the  Greeley  area.    Included  in  the
ef fort  would  be  feasibility  studies  for  development  of  these  ponds
into  warm  water  recreational  fisheries  and  development  of  adjacent
land  area  into  parks.

4.4.3             Bi Thorn son  River

From  its  source  to  Lake  Estes,   the  Big  Thompson  River  and  tribu-
taries  are  closely-managed  recreational  fisheries.    Excellent  public
access  on  federally-owned  lands  in  Rocky  Mountain  National  Park  and
Roosevelt  National  Forest  affords  considerable  recreational  demand
on  this  section  of  the  stream.    Lake  Estes  is  a  high  recreation
demand  area.     Over  11,000  pounds  of  rainbow  trout  are  stocked
annually.     Some  recreational  water  skiing  also  occurs  on  the  lake
during  the  relatively  short  summer  season.

From  below  I.ake  Estes  to  the  mouth  of  the  Canyon   (Handy  Supply  Ditch
Diversion) ,  historically  over  6000  pounds  of  rainbow  trout  are
stocked  each  year  in  this  18.9  mile  stretch   (Nittman,1978).     Stocking
of  this  area  has  been  temporarily  halted  due  to  the  devasting  effects
during  the  Big  Thompson  flood  of  July  31  -August  1,   1976.     At  that
time,   over  90%  of  the  fish  population  in  the  river  was  lost.     No
attempts  to  reestablish  new  populations  have  been  made  to  date
because  of  the  reconstruction  activities  on  the  river  and  resulting
heavy  sediment  loads.    Reintroduction  of  fish  to  the  river  has
initially  been  estimated  not  to  occur  until  approximately  1980.

Due  to  the  erratic  nature  of  river  flows  resulting  from  diversions
to  the  Handy  Supply  Ditch,   the  Colorado  Division  of  Wildlife  does
not  stock  fish  downstream  from  this  point.     This  does  not,  however,
prohibit  f ish  f ron  seasonally  migrating  downstream  in  the  river
channel.    Water  diverters  in  the  area  have  also  pointed  out  that
they  frequently  find  fish  in  irrigation  canals  and  ditches  and  that
many  fish  become  stranded  in  the  smaller  ditches  and  die  as  flows
diminish  during  irrigation  application.    It  is  also  reported  that
screening  devices  have  been  used  in  the  past  to  reduce  the  number  of
fish  in  irrigation  ditches,  however,  this  technique  has  not  been
extensively  pursued  because  of  the  inconvenience  and  increased  labor
to  the  farmer  required  to  periodically  clean  the  screens  of  debris.

Water  related  recreational  activities  below  the  Handy  Supply  Ditch
division  are  not  well  documented.     Fishing  in  these  areas  is  highly
dependent  upon  adequate  flow  in  the  river  to  permit  passage  of  fish.
The  lower  stretch  of  the  river  from  the  Handy  Ditch  diversion  to
below  the  Loveland  Filtration  plant  is  poorly  accessible  because  of
private  land  ownership  and  steep  terrain.
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Detailed  aquatic  biota  information  on  the  lower  Big  Thompson  is  non-
existent.     Limited  surveys  prior  to  the  Big  Thompson  1976  flood  are
sparse  and  studies  which  followed  the  flood  have  revealed  that  the
event  caused  much  degradation  of  aquatic  habitat  and  this  condition
will  persist  throughout  canyon  reconstruction  activities  for  some
time  into  the  future.     In  spite  of  these  adverse  conditions,  some
fish  have  survived.    Most  likely  these  inhabitants  originally  resided
in  I,ake  Estes  upstream  tributaries  not  severely  affected  by  the
f lood .

The  Proposed
to  establish

Larimer
a  recreational  t-i--ail  from  Nari=:qua  Park  to  the  Larimergis?_±nL±±£  9B£±  SE±±±  £±±  has  indicated  the  need

County  fairgrounds.     The  City  of  Iioveland  generally  concurs  wit-ri--
this  need;  however,   it  has  placed  higher  priority  on  the  Boyd  Lake
area  for  recreational  development  action  programs.     Future  development
along  the  Big  Thompson  from  Barnes  Ditch  to  below  Loveland  is  intended
to  focus  on  land  uses  such  as  trail  and  picnic  areas  or  secondary
contact  water  recreation  such  as  tubing  or  rafting.    There  is  consid-
erable  interest  for  development  of  appropriate  cold  or  warm  water
fisheries  in  gravel  pits  adjacent  to  the  stream  course.    The  greatest
problem  here  is  land  dedication  and  access.
4.4. 4            Little  Thorn son  River

The  Little  Thompson  River  has  not  been  considered  a  priority  recrea-
tional  fishery  by  the  Colorado  Division  of  Wildlife.    No  stocking
programs  have  been  initiated  in  recent  years.    The  primary  factor
af fecting  this  strategy  includes  the  fact  that  the  Little  Thompson
is  subject  to  erratic  seasonal  flow  variations.    Before  Colorado-Big
Thompson  waters  were  introduced  to  the  system,  historic  records
indicated  that  it  used  to  dry  up  about  mid-July.    Even  with  Colorado-
Big  Thompson  water  augmenting  dry-up  flow,   the  volume  of  water  is
not  always  suf f icient  to  support  a  wide  variety  of  aquatic  life  and
recreational  demand  on  the  stream  is  lacking.    Therefore,  no.  fish-
eries  management  actions  have  been  initiated   (Nittman,   1977) .

4.4.5           Boulder/St.   Vrain  Creek

St.   Vrain  Creek  enters  Weld  County  from  the  Southwest  and  is  a
plains  type  stream  through  Weld  County  to  its  conf luence  with  the
South  Platte.     Diversion  of  water  from  the  St.  Vrain  in  Boulder
County  results  in  minimum  flows  as  it  crosses  into  Weld  County.
Considerable  surface  and  seepage  return  flows  occur  in  the  lower
parts  of  the  river.     St.  Vrain  Creek  also  receives  secondary  treated
waste  from  the  City  of  I.ongmont  and  indirectly  from  the  Town  of  Erie
municipal  discharge  to  Coal  Creek  and  Boulder's  municipal  discharge
to  Boulder  Creek  which  empties  into  St.  Vrain  Creek  in  Weld  County.

The  lower  St.  Vrain  stream  bottom  is  unstable  and  subject  to  alter-
nate  periods  of  slowing  and  sedimentation  -  conditions  not  conducive
to  establishment  of  a  high  quality  aquatic  habitat.
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Because  of  existing  water  quality,  quantity  and  lack  of  recreational
demand,   the  Colorado  Division  of  Wildlife  does  not  stock  fish  in
Boulder  or  St.   Vrain  Creek  in  Weld  County.

4.4.6           South  Platte  River

According  to  the  Colorado  Division  of  Wildlife,  the  South  Platte
below  Denver  has  not  been  managed  as  a  fishery  for  many  years.
Principle  considerations  have  been  water  quality,  quantity  and
recreational  demand.     Though  more  information  about  aquatic  biota  is
available  for  the  lower  South  Platte  than  for  many  other  streams  in
the  region,  there  is  not  a  considerable  amount  of  data.    Bluestein
and  Hendricks   (1975)   report  that  in  their  investigation  for  the
National  Water  Quality  Commission  on.  the  Biota  and  Water
the  South  Platte
5EFvai-I-E largely

River,  that  the make-up  of  th-e b8¥ of
16irelated  to  the  nature  of  upstream  discharges  and

the  extent  to  which  the  plains  portion  of  the  South  Platte  fias  b=:n
changed  from  an  intermittent  to  a  perennial  stream  as  a  result  of
extensive  irrigation  water  supply.    Diversions  and  discharges  are
quite  large  relative  to  the  native  stream  f low  and  results  in  drag-
tically  different  flow  rates  on  adjacent  stretches  of  the  river.
Because  of  the  impacts  to  water  quality  from  the  Denver  area,  water
quantity  from  irrigation  activities,  the  plains  character  of  the
stream  and  the  large  amount  of  private  lands  adjacent  to  the  stream,
the  South  Platte,  in  the  Larimer-Weld  Region,  has  not  historically
been  a  highly  used  recreational  water  body.

4.5      WILLINGNESS   TO   PAY   FOR   IMPROVED   WATER   QUALITY

Attitude  assessments  of  willingness  to  pay  for  improved  water  quality
in  the  West  are  extremely  complex  as  the  costs  to  be  incurred  and
the  benefits  to  be  gained  are  not  always  clear.    The  water  resource
of  the  I,arimer-Weld  Region  has,   in  previous  sections  of  this  report,
been  described  as  a  valuable  resource  which  is  used  and  reused  as  it
progresses  from  mountains  to  plains.     It  is  degraded  by  both  man  and
nature.     Because  of  this  complex  set  of  interactive  processes  and
local  competing  values  for  the  water  resource,  the  208  planning
process  must  carefully  evaluate  the  competing  water  uses  which
require  various  levels  of  water  quality  and  develop  alternative
technical  solutions,  and  ultimately  recommend  an  acceptable  planning
alternative  to  be  implemented.

The  costs  of  water  pollution  control  must  ultimately  be  borne  by  the
public,  either  directly  through  taxation  or  user  charges,  or  in-
directly  through  the  increased  prices  of  products  and  services.
Public  perceptions  of  how  the  payment  for  water  pollution  control
should  occur  and  which  group  should  pay  is  a  matter  of  great  impor-
tance.     It  is  commonly  perceived  that  in  the  event  a  particular  type
of  pollution  is  caused  by  a  particular  entity,  then  that  entity
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should  pay  for  any  damages  it  causes  or  for  control  of  its  pollutants.
In  this  logical  sequence,   some  entities  fail  to  recognize  that  costs
will  be  passed  on  to  the  consumer  in  one  form  or  another.

In  the  event  that  the  polluter  is  industry,  it  is  commonly  perceived
that  industry  should  pay  for  its  pollution  control.    This  position
is  reinforced  by  the  requirements  of  the  Federal  Water  Pollution
Control  Act  Amendments  of  1972  and  regulatory  measures  taken  to
insure  that  industry  foots  the  bill  for  cleaning  up  pollution  at  its
own  cost.

In  the  event  that  pollution  is  caused  by  a  municipal  point  source
discharger,   it  is  the  user  of  the  waste  service  who  should  pay.
However,  recognizing  that  the  State  and  the  nation  benefit  from
clean  water,   both  federal   law   (Public  Law  92-500,   Sea.   201)   and
applicable  Colorado  law  make  funds  available  for  the  subsidization
of  planning,  design  and  capital  construction  costs  of  facilities  to
help  meet  public  health  requirements  and  Public  I.aw  92-500  goals  of
secondary  treatment  and  fishable/swimmable  waters,  where  attainable.

Questions  of  costs  and  who  should  pay  are  not  as  clear-cut  for  non-
point  source  Control,   i.e. ,  agricultural,  silviculture,  construction
activities,  urban  storm  runoff  and  mining  activities.     The  reason
for  this  is  that  the  pollution  mechanisms  which  cause  degraded  water
quality  are  not  as  easy  to  control  as  point  sources  and  we  do  not
always  know  how  much  pollution  reduction  will  result  from  any  level
of  structural  or  non-structural  controls.    Therefore,  the  question
of  costs  and  who  should  pay  are  more  complex  in  nature,   and  equitable
solutions  for  non-point  source  control  are  not  as  easy  to  identify
as  point  source  control  measures.

A  limited  sample  survey  of  residents  in  the  South  Platte  River  Basin
(Fort  Collins  and  Denver)   assessed  the  willingness  of  persons  to
expend  money  for  improved  water  quality.     The  Study  examined  option
values,  preservation  values  and  recreation  benefits  of  improved
wateriquality.     The  study,   funded  by  the  Criteria  and  Special  Studies
Office,   Health  Effects  Research  Labo.ratory  of  EPA,  was  conducted  by
researchers  in  the  Department  of  Economics  at  Colorado  State  University
(Walsh,   et.al.   1977) .     The  purpose  of  this  study  was  to  develop  and
apply  a  procedure  for  measuring  the  benef its  of  improved  water  quality
in  terms  of :

I)     Enhanced  enjoyment  of  water-based  recreation  activities:
2)     Option  values  to  choose  in  engaging  water-based  recreation

activities  in  the  future  by  avoiding  irreversible  mineral
and  energy  pollution,  and

3)     Preservation  value  of  the  existence  of  a  natural  ecosystem
and  its  bequest  to  future  generations.
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The  study  is  based  on  interviews  of  202  resident  households  in
Denver  and  Fort  Collins.    A  number  of  statistical  procedures
including  regression  analysis  were  used  to  analyze  the  relationship
between  water  user  values  and  option  values.     A  premise  of  the  study
was  that  benefits  accrued  to  users  of  lakes  and  streams  for  fishing,
boating  and  swimming,  as  well  as  noncontact  recreation  activities
adjacent  to  the  water  body  such  as  picnicing  and  sightseeing,   and
overall  satisfaction  from  the  recreational  experience.     Recreation
user  households  interviewed  reported  that  they  were  willing  to
expend  an  average  of  $56.68  annually  for  improved  water  quality  by
target  year  1983  to  enhance  enjoyment  of  water-based  recreation
activities  in  the  basin.    Results  of  this  study  showed  that  a  number
of  variables  including  household  income,   type  of  employment,   sex,
education  level,   former  residence,  permanance  of  residence,  age
and  level  of  recreation  use  were  all  important  in  determining  how
much  individual  households  were  willing  to  spend  for  improving
water  quality.     Significance  of  many  of  these  variables  differed
depending  on  whether  the  respondents  were  f ron  the  Fort  Collins  or
the  Denver  area.     Respondents  reported  that  the  method  of  payment
for  improved  water  quality  was  important.    An  increase  in  sales  tax
!!!±E  preferred  in  comparison  toreasoning  behifia  this  is  in fEE

increased  waEEr  sewer  bills
to  be  that  since

The
everyone  including

tourists  pay  sales  tax  and  only  residents  pay  water/sewer  bills,
the  cost  of  improved  water  quality  would  be  shared  by  more  of  those
who  benefit  since  this  area  of  the  state  is  a  high  tourist  use  area.

The  study  raises  numerous  questions  regarding  the  preferences  for
increased  water  quality  at  various  levels  of  cost.    Extrapolation
of  results  of  the  study  using  Denver  and  Fort  Collins  as  sample  areas,
may  not  be  representative  of  all  the  South  Platte  River  Basin  and,
in  particular,  rural  areas  of  the  Larimer-Weld  Region.    Further
study  would  be  required  for  a  full  assessment  of  the  willingness  to
pay  for  increased  water  quality  by  residents  of  Larimer  and  Weld
Counties.     The  Areawide  Technical  Strategies  outlined  in  Chapter  6
discuss  equivalent  annual  costs  for  the  four  different  levels  of
water  quality  improvement  from  Strategies  I,   2,   3  and  4.     In
examining  the  four  alternative  strategies  and  their  impacts  on  water
quality  improvement,  a  meaningful  relationship  for  cost  per
household  cannot  be  made.     Statistics  1  and  2  include  theoretical
projections  of  meeting  the  1983  goal  through  the  creation  of  an
artif icial  f ishery  by  advance  waste  treatment  processes  and/or
stream  dredging,   stocking  of  fish,  and  flow  augmentation.     There
are  no  certainties  that  either  alternative  would  in  fact  result  in
a  high  quality  plains  aquatic  habitat.    Any  attempts  to  extr,apolate
the  willingness  to  pay  concept  based  on  the  CSU  study  must  assess
this  technical  consideration  and  prepare  a  detailed  description  of
the  benefits  anticipated  from  major  water  quality  improvement.     It
is  conceivable  that  these  expectations  for  improved  water  quality
and  recreation  benefits  may  exceed  natural  capability  and  potential
of  the  South  Platte  River  and  tributaries`  before  man  i'moosed  him-
self  on  these  ecosystems.

The  Technical  Strategy  analysis  only  covers  water  quality  and
quantity  improvement  to  achieve  the  goal  in  the  four  tributaries
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of  the  South  Platte;   the  Cache  la  Poudre,  Big  Thompson  and  Little
Thompson,   and  St.   Vrain,   and  only  in  limited  segments.     It  does
not  discuss  capital  land  acquisition  cost,  easements  or  recreation
area  development  on  potential  recreational  lands.    All  of  these
considerations  would  tend  to  increase  costs  substantially.    In
addition,  total  costs  cited  for  the  Alternative  Technical  Strategies
do  not  absolutely  insure  that  water  quality  of  a  level  suff icient  to
meet  the  1983  goal  will  be  achieved  for  all  pollutants.    Major  water
quality  parameters  which  would  be  addressed  include  only  sediment,
salinity,  ammonia,   nitrogen,   fecal  bacteria  and  residual  chlorine.
Heavy  metals,  pesticides  and  other  nutrients,   i.e. ,  phosphorus,
would  be  controlled  only  to  the  extent  that  they  may  inadvertently
be  removed  in  the  conscious  control  of  other  pollutants,   i.e.,  much
of  the  potential  pollutant  phosphorus  would  be  removed  in  the
control  of  sediment.

It  should  also  be  pointed  out  that  costs  are  conservative,  do  not
address  foothills  or  mountain  non-point  source  pollution  problems,
total  control  of  non-point  source  agricultural  pollution,  or  insure
total  restoration  or  improvement  of  the  aquatic  ecosystem  such  that
highly  productive  recreational  fisheries  would  exist  in  all  streams
of  the  region  on  a  year-round  basis.

4.6      RECREATIONAL   ENHANCEMENT   -OPEN   SPACE   DEVELOPMENT   AND
PUBLIC   ACCESS

Public  access  to  mountain  streams,   lakes  and  reservoirs  is  quite
good  throughout  the  Larimer-Weld  Region.     Public  lands  under  the
operation  of  the  U.S.  Forest  Service  in  Roosevelt  National  Forest,
the  National  Park  Service  in  Rocky  Mountain  National  Park,  Colorado
Division  of  Parks  and  Recreation,   Bureau  of  Reclamation,   Larimer
County,   and  private  lands  adjacent  €o  streams  which  are  along  main
public  roads  have  minimal  restrictions  upon  use.     Water  bodies  in
the  foothills  and  plains  areas  which  are  not  close  to  public  roads
are  much  less  accessible  access  as  more  land  is  under  private  owner-
ship,   and  physical  barriers  such  as  fences  make  access  increasingly
difficult.
Major  reservoirs  of  the  foothills  and  plains  areas  for  which  public
access  is  basically  unrestricted  include  Carter  Lake,  Horsetooth
Reservoir  and  Boyd  Lake.     Many  other  small  reservoirs  of  the  plains
areas  are  either  entirely  restricted  from  recreational  use  or
conditionally  used  by  private  groups  who  have  contracted  exclusively
with  mutual  ditch  companies  for  all  recreation  rights  on  the  water
body.    Access  to  foothills  and  plains  areas  streams  is  extremely
restricted  as  private  land  borders  the  stream  course  in  a  majority
of  cases.
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As  previously  mentioned,   local  governments  in  the  Region  are  making
concerted  attempts  to  increase  access  to  potential  recreation  areas
on  streams  and  reservoirs.    F`or  the  most  part,  activities  are  oriented
toward  use  adjacent  to  the  water  body  rather  than  in  it.

The  Larimer-Weld
Guidel |nes 1976 iREsPublic 9E£ Spaceon  a  regional  bas

and  Outdoor  Recreation
is  high prloricy  recre-s.    However,   implementation  priorities,  financial  arrange-

ments  and  details  of  site  location  are  to  be  worked  out  by  the
Counties  and  municipalities  as  part  of  their  respective  public  open
space  and  outdoor  recreation  planning  activities.

The  Guidelines  recommends public  development  of  several  trails  andshore  lines  on  streams  and  reservoirs  in  the  Region,  including:

i.       The  Foothills  Trail,  connecting  Horsetooth  Reservoir,
Carter  Lake  and  the  Culver-Cole  Ranch  on  the  I.ittle  Thompson
Riverj

2.       The  Louden  Ditch  Trail  connecting  the  Boyd  Lake  State
Recreation  Area  with  the  Devils  Backbone  and  proposed
Foothills  Trail;

3.       The  Poudre  River  Trail,  Fort  Collins  to  Greeleyj

4.       The  Big  Thompson  River  Trail;

5.       The  Dry  Creek  Trail  linking  Berthoud  to  Carter  Lake;

6.       The  Little  Thompson  River  Trail;

7.       Seeley  Lake  -develop  public  access  and  fish  stocking;

8.       Island  Grove  Park  -reclamation  of  gravel  and  sand  extrac-
tion  areas;

9.       Milton  Reservoir  -develop  shoreline;   and

10.     Miscellaneous  trail  corridors  for  Weld  County.

Questions  on  legal  protection  for  landowners  regarding  liability,
vandalism  and  trespass  have  deterred  participation  in  some  public
access  programs.     Even  where  governmental  agencies  assure  insurance
coverage  there  is  hesitation.    Gray  areas  in  statutory  law  for
liability  of  public  use  on  privately  owned  lands  have  contributed  to
this  general  feeling.
Numerous  areas,  particularly  in  the  plains  where  agricultural  related
activities  may  continue  up  to  or  in  a  public  access  area,  vandalism
to  farm  equipment,   irrigation  structures,   farm  buildings,   fences  and
livestock,  is  a  constant  fear.    This  concern  will  prevail  until
remedies  adequate  to  quell  them.     In  spite  of  this,  however,  local
governments  are  making  progress  in  developing  open  space  and  recrea-
tional  opportunities  adjacent  to  water  bodies  in  the  Region.
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5. 0      ENVIRONMENTAL   GOAI.S
QUALITY RANAGEMENT

AND   THEIR   RELATIONSHIP TO   WATER

In  the  past,   federal  environmental  programs  have  been  administered
in  a  categorical  fashion  where  objectives  of  one  program  have  at
times  conflicted  with  objectives  of  another.    For  example,  the
EPA  would  fund  municipal  sewage  treatment  works  where  the  popula-
tion  growth  and  land  use  supported  by  the  facilities  would
result  in  significant  deterioration  of  air  quality  not  pemissible
in  a  state  Implementation/Air  Quality  Management  Plan   (SIP) .
Situations  such  as  this  have  been  due  to  a  number  of  factors
including  the  f ragmentation  of  federal  programs  administered  by
a  variety  of  departments  and  agenciesj   the  neuness  of  the  programs;
the  reluctance  of  one  agency  to  request  formal  review  and  comment
of  proposed  regulations  on  the  part  of  other  agenciesj  and  the
lack  of  congressional  mandate  to  insure  that  coordination  is
taking  place.

More  recently,   however,   a  number  of  actions  have  been  taken  by
the  Executive  Branch  and  the  Congress  to  coordinate  envirormental
programs.     the  best  examples  of  this  include  federal  governmental
reorganization  plans,   and  the  1977  amendments  to  the  Clean  Air
Act  which  tie  air  quality  planning  to  federal  funding  for  sewage
treatment  works  and  highways.

The  208  Water  Quality  Management  Planning  process  provides  a
unique  opportunity  to  facilitate  the  coordination  of  various
federally  mandated  environmental  programs  by  focusing  on  real
and  contemporary  social,  political  and  environmental  concerns.
Public  involvement  in  the  initial  208  planning  process  has
conf irmed  the  notion  that  success  in  water  quality  management  is
tied  very  closely  to  identifying  opportunities  and  conf licts
with  other  local  goals  and  programs  and  maximizing  the  ultimate
benefits  derived  -water  quality  and  otherwise.     In  other  words,
the  public  is  not  likely  to  support  an  expensive  water  quality
control  program  for  water  quality  alone,  especially  if  it  is
tied  to  a  very  narrow  interpretation  of  the  national  water
quality  goals.     A  water  quality  management  strategy  must  be
sensitive  to  and  integrated  with  other  local  concerns  and  federal
mandates  if  it  is  to  be  successfully  implemented.

Attempts  have  been  made  throughout  the  initial  Larimer-Weld  208
planning  process  to  identify  opportunities  and  conflicts  arising
from  water  quality  management  options.     Areas  in  which  concerted
ef fort  has  been  placed  in  this  regard  include  irrigated  agricul-
ture  and  urban  runoff  control.     Examples  are:

o        Integration  of  water  quality  considerations  in  local
stormwater  management  programs
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0Evaluation  of  agricultural  best  management  practices
for  water  quality  improvement  in  broader  terms  of
increased  irrigation  efficiency,  crop  productivity,
and  resource  conservation.

The  purpose  of  this  section  is  to  examine  in  broad  terms  the
relationship  between  water  quality  management  and  the  following
national  objectives  which  are  also  topics  of  substantial  local
interest:

Resource  Conservation  and  Recovery
Water  Conservation
Safe  Drinking  Water
Energy  Conservation

Other  analyses  showing  the  regional  relationships  between  water
quality,   land  use  and  air  quality  are  contained  in  Larimer-Weld
Regional  Land  Use  Alternatives   (Interim  WQMP  Report  No.   16     and

bEHnangse  A  ternativeImpacts
ties for  the  Fort  Coil
WQMP   Report  No.
Use  Alternatives

|ns, Greeley,
Wastewater  Treatment  Facili-

Friangle    InEEE
Impacts  of  LandI -    ,Triangle

Loveland
Related

Loveland

5.i      RESOURCE   CONSERVATION   END   RECOVERY

In  recent  years,  national  attention  has  focused  on  resource
conservation  and  recovery.    The  value  of  "pollutants"  as  potential
resources  is  being  recognized.     The  relationship  between  the
uses  of  land,  water,  and  air  resources  are  being  better  defined.
The  purpose  of  this  section  is  to  examine  in  qualitative  terms
the  relationship  between  resource  recovery  and  water  quality
management  in  the  I.arimer-Weld  Region.     Attention  is  focused  on
reuse  of  municipal  and  industrial  wastewater  discharges  for  the
purpose  of  resource  recovery,   and  the  management  of  animal
wastes  from  concentrated  animal  feeding  operations  as  a  resource.

5.1.1           Regulatory  Requirements

The  1972  Amendments  to  the  Federal  Water  Pollution  Control  Act
recognized  the  value  of  "the  recycling  of  potential  sewage
pollutants  through  the  production  of  agriculture,  silviculture,
and  aquaculture  products   ...   and  the  reclamation  of  wastewater"
(Sea.   20l(a)   and   (d)).     The  reuse  and  recycling  of  municipal
wastewater  on  the  land  has  been  popularly  characterized  as  "Land
Treatment"  by  both  Federal  and  State  regulatory  agencies.     A
recent  policy  statelnent  from  the  Administrator  of  the  U.S.
Environmental  Protection  Agency  af firms  that  the  EPA  "will  press
vigorously  for  publically  owned  treatment  works  to  utilize  land
treatment  processes  to  reclaim  and  recycle  municipal  wastewater."
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The  policy  statement  sets  forth  a  f irm  obligation  on  the  part  of
recipients  of  EPA  grants  for  construction  of  sewage  treatment
works  to  incorporate  water  conservation,  wastewater,  reclamation
and  reuse  or  "provide  complete  justification  for  the  rejection  of
land  treatment."    The  policy  statement  further  states:     "Whenever
states  insist  upon  placing  unnecessary  stringent  preapplication
treatment  requirements  upon  land  treatment,  such  as  requiring  EPA
Secondary  ef f luent  quality  in  all  cases  prior  to  applications  on
the  land,  the  unnecessary  wastewater  treatment  facilities  will  not
be   funded  by  EPA."

It  is  dif ficult  to  predict  what  the  full  ramification  will  be  of
this  policy  statement;  however,  it  is  certain  to  create  substan-
tial  confusion  among  the  states  in  determining  funding  eligibility,
priority  needs  and  design  criteria.
The  Colorado  Water  Quality  Control  Commission  has  taken  an  af firm-
ative  stand  on  land  treatment  for  a  number  of  years  by  requiring
grant  recipients  to  consider  land  treatment  alternatives  in  the
cost  effective  analysis  of  so-called  "201  Facility  Plans".     Some
success  has  been  achieved.     However,  major  obstacles  still  stand
in  the  way  of  large  scale  "acceptance"  of  land  treatment  as  an
ultimate  solution.     Some  of  the  more  formidable  obstacles  are:

(I)     Colorado  Water  Law

(2)     Health  implications

(3)     State  of  the  art  considerations  in  design  and  operation

(4)     Public  acceptance

(5)     Economic  feasibility

(6)     The  perception  that  under  current  administration  of
water  resources  in  Colorado,   land  treatment  is  already
taking  place  on  an  unprecedented  scale.

This  last  "obstacle"   is  a  widely-held  view  in  the  Larimer-Weld
Region,  and  is  supported  by  information  developed  as  part  of  the
208   planning  process   (Interim  WQMP   Report  Nos.   3,19,   20,   22,
25,   and   26).

At  the  request  of  the  Colorado  Water  Quality  Control  Colnmission,
the  Governor' s  Science  and  Technology  Advisory  Council  evaluated
the  applicability  of  the  land  treatment  alternative  for  Colorado.
The  Council  established  a  Task  Force  comprised  of  an  inter-
disciplinary  team  of  acclaimed  experts.     The  examination  resulted
in  a  report  published  July  20,   1977.    This  report  is  considered
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to  be  a  formidable  and  objective  assessment  of  the  land  treatment
alternatives  for  Colorado.    The  report  is  an  excellent  reference
for  the  development  of  site  specific  land  treatment  programs.

In  October  of  1976,   Congress  enacted  the  Resource  Conservation
and  Recovery  Act   (RCRA) .     The  RCRA  provides  authority  for  the
EPA  to  develop  comprehensive  solid  waste  management  plans  through
a  regional  planning  process  identical  to  that  of  the  208  water
quality  management  planning  process.     Emphasis  is  placed  in
areas  of  hazardous  waste  and  opening  dumping.     Although  regula-
tions  have  not  been  fully  developed,  it  is  believed  that  solid
and  hazardous  waste  management  activities  will  be  coordinated
with  water  quality  management  programs.     These  relationships
between  water  quality,   solid  and  hazardous  water  management  have
been  given  attention  in  the  interim  water  quality  management
report  Nonpoint  Source  Pollution  Control
No.   19,   January  i

5.I.2             Rec

(Interim  WQMP  Report

cle  and  Reuse  of  Wastewater  -  Land  Treatment

To  provide  a  framework  within  which  to  evaluate  the  role  of
wastewater  reuse  in  the  Larimer-Weld  Region,   a  summary  of  avail-
able  water  resources  and  its  current  use  is  appropriate.    To
facilitate  this  framework,  a  water  balance  for  the  area  under
the  jurisdiction  of  the  Northern  Colorado  Water  Conservancy
District   (NCWCD)   is  presented  in  Table   5.I.2.         Although  the
District  encompasses  areas  outside  of  the  Larimer-Weld  Region,
more  than  63%  of  the  irrigated  land  and  60%  of  its  municipal,
domestic  and  industrial  water  users  lie  within  Larimer  and  Weld
Counties.    The  table  illustrates  not  only  the  disproportionate
use  of  surface  water  for  agricultural  purposes  as  compared  to
municipal  and  industrial  purposes   (a  ratio  of  10:I)   but  also
illustrates  the  efficiency  of  use  within  the  Region,  i.e.,  on  a
volume  basis  the  total  annual  average  supply  is  used  2-I/2  times
before  it  is  either  lost  to  the  atmosphere  due  to  evapotranpira-
tion  or  leaves  the  region  to  satisfy  downstream  appropriations.
Because  of  the  repeated  uses  and  reuses  of  water  primarily  due
to  irrigation  demands,   it  could  be  said  that  "land  treatment"  is
taking  place.     Reuse  of  water  and  recycling  of  nutrients  are
definitely  occurring   (see   Interim  WQMP  Report  Nos.   22  and  26) .

This  is  unquestionably  true  in  the  case  of  irrigation  tailwater
and  return  flows   (see   Interim  WQMP  Report  No.   22) .     As  a  con-
sequence,  it  is  found  that  during  the  irrigation  and  storage
seasons,  water  in  the  lower  Cache  la  Poudre,  Big  Thompson,   and
St.  Vrain  Rivers  are  composed  entirely  of  irrigation  return
f lows .

A  more  complicated  problem  arises  in  determining  the  role  of
land  treatment  of  municipal  and  industrial  point  source  discharges.
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There  would  appear  to  be  three  desirable  objectives  to  be  gained
from  land  treatment  schemes:

(1)     Elimination  of  a  direct  discharge  to  a  stream,   thus
reducing  the  need  for  assimilative  capacity  in  the
stream  to  receive  residual  waste  remaining  after  the
sewage  treatment  process;

(2)     Providing  "tertiary  treatment";   and

(3)     Recovery  of  valuable  chemical  resources  in  the  treated
wastewater  through  the  production  of  crops.

Of  course,  there  may  be  other  desirable  objectives  that  could  be
derived  from  a  land  treatment  scheme,   such  as  providing  a  local
farmer  with  a  new  supply  of  irrigation  water  or  be  an  integral
component  of  a  wast'ewater  reuse/domestic  water  supply  program
such  as  that  proposed  for  the  City  of  Northglenn,  Colorado.
However,  these  three  objectives  seem  to  be  supported  by  the
Federal  Water  Pollution  Control  Act.

5.I.2.I       Land  Treatment  for  Major  Urban  Centers

The  role  or  suitability  of  land  treatment  for  the  cities  of
Greeley,  Loveland  and  Fort  Collins  have  been  assessed  against
the  three  objectives  presented  above.

In  the  case  of  the  first  objective,   it  would  appear  that  the
elimination  of  a  point  source  discharge  from  a  stream  in  the
plains  to  enhance  or  preserve  the  existing  aquatic  biota  would
appear  to  be  of  limited  value  in  light  of  non-water  quality
considerations  which  interface  with  a  balanced  aquatic  ecosystem
In  the  case  of  the  Cache  la  Poudre  River,  this  is  substantiated
by  in-stream  water  quality  and  biological  data  accumulated  over
a  seven  year  period   (see  Morrison,   1978) .

In  view  of  this  conclusion,  the  necessity  of  tertiary  treatment
of  municipal  and  industrial  dischargers  in  the  plains  area  seems
to  be  minimized.     Finally,  the  third  objective,  the  recovery  of
valuable  chemical  resources  in  wastewater  through  the  production
of  crops,  the  existing  administration  of  water  for  beneficial
uses  within  the  region  appears  to  satisfy  this  requirement.

Further  analysis  of  the  considerations  for  land  treatment  for
major  urban  areas  of  the  region  is  contained  in  Municipal
Source  Anal
24_).----

sis  -  Urban Triangle  Area   (Interim  WQMP  Report
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additional  report  entitled,  Munici

5.i.2.2       I.and  Treatment  for  Outlying  Communities

The  potential  for  cost-ef fective  wastewater  treatment  and  reuse
systems  are  considered  greater  for  small  rural  communities  than
major  urban  centers.    This  is  due  largely  to  the  relative  costs
associated  with  centralized  collection  and  treatment  and  redis-
tribution  to  suitable  land  application  areas.    This  contention
appears  to  be  supported  in  EPA's  I.and  Treatment  Policy  Statement
wherein  it  is  stated  "such  consideration  is  particularly
critical  for  smaller  communities  ...  the  utilization  of  land
treatment  systems  has  the  potential  for  Saving  billions  of
dollars" ,

The  opportunities  of  direct  land  application  of  wastewater  as  a
planned  component  of  a  water  quality  management  program  are
substantial  for  rural  communities  in  the  region  from  the  stand-
point  of  engineering  feasibility,   land  availability,  and  cost.
A  recent  EPA  rule  change  regarding  relaxation  of  suspended
solids  limitations  for  waste  stabilization  ponds  has  eliminated
a  major  economic  barrier  to  serious  consideration  of  planned
land  treatment  systems.     However,   a  major  obstacle  remains,  that
being  Colorado  Water  I.aw  and  the  question  of  legal  ownership  of
wastewater  which  would  permit  land  treatment.

During  the  course  of  the  initial  208  planning  process,   21  public
and  private  rural  waste  treatment  systems  were  evaluated  in
addition  to  two  areas  where  individual  disposal  Systems   (septic
tanks)   appear  to  be  unsatisfactory  long-range  solutions   (Red
Feather  Lakes  region  and  Severance) .     Nine  areas  were  studied  in
detail  and  individual  technical  plans  were  published   (see
Interim  WQMP   Reports   No§.   7,   8,   9,10,11,12   and   13).      An
_ I  _I _,   1    , al  and  Industrial

sis  -  WasPoint  Source  Anal
ance  Re rements

tewater Treatment eration  and
along  withreports,  examined  the  feasibility  of  lafid__ _ -i    -_    -_--_treatment  in  rural  communities  within  the  region.    I.and

application  systems  were  found  to  be  feasible  for  the  Red
Feather  I.ake  area  and  Ft.   I.upton,  Colorado.    Additionally,   a
recently  completed  201  Facility  Plan  for  the  Estes  Park
Sanitation  District  recommends  land  treatment  of  treated
effluent  for  golf  course  irrigation   (Toups  Corp. ,   Dec.   1977) .
In  the  case  of  Platteville,  Severance,  Tinmath,  Pierce  and
Milliken,  land  treatment  involving  direct  discharge  to  irrigated
farmland  was  feasible  from  an  engineering  standpoint,  but  water
rights  considerations  impede  such  a  program  at  this  time.     It
must  be  pointed  out,  however,   that  the  discharge  from  these  five
communities  are  in  the  plains  area  where  extensive  irrigation
water  supply  practices  are  currently  being  administered  and  the
ef fluents  are  diverted  from  the  streams  and  used  for  irrigation
purposes.



5.I.3          gp=:g:I:::  o£  Residual  waste  From  concentrated  Feeding8

The  Larimer-Weld  Region  contains  more  than  1200  concentrated  animal
feeding  operations  which  fatten  nearly  one  million  head  of  cattle
annually.    While  the  region  also  fattens  turkey,  poultry,  swine  and
Sheep  in  concentrated  areas,  the  cattle  industry  represents  the
biggest  dollar  producer  in  the  region's  economy.    As  a  consequence
of  the  intensity  of  animal  feeding  operations  and  their  potential
significance  as  a  ground  and  surface  water  polluter,  a  special  study
was  conducted  and  interim  water  quality  management  report  published
entitled,  Concentrated  Animal
and  Resource  Recover
unexpected  cone uSIons

Feeding  Operations  - Waste Management
WQMP   Report  No.15).      Some   rather

were  reached  during  this  study  regarding  the
value  of  manure  as  a  resource  and  the  relationship  of  the  management
of  manure  and  water  quality  of  the  region.

Manure  generated  by  livestock  supported  on  confined  feeding  opera-
tions  represents  an  important  aspect  of  agricultural  solid  waste
management.     Local  disposal  practice  usually  involves  application  of
manure  to  cropland,   a  practice  that  recognizes  the  resource  value  of
the  waste.     In  addition  to  the  fertilizer  benefit  to  crops  and  soil
provided  by  its  nitrogen,   potassium  and  phosphorou§  content,  manure
contributes  other  elements  necessary  for  plant  growth.    Among  these
are  included  sulfur  and  micro-nutrients.    The  presence  of  organic
matter  contributed  by  manure  is  effective  in  improving  physical  and
chemical  properties  of  soil.    A  positive  influence  is  exerted  on
water  infiltration  rates,  water  holding  capacity,  and  ease  of  tillage.
Manure  also  has  a  beneficial  acidifying  effect  on  soil.

Manure  removal  from  feedlots  in  the  two-county  area  is  usually
accomplished  by  any  of  three  methods:     it  may  be  sold  to  area  farmers,
spread  on  fields  owned  by  feedlot  operators,  or  distributed  to
farmers  according  to  negotiated  arrangements.     In  the  latter  arrange-
ment,   feedlot  operators  purchase  forage  from  local  farmers  with  the
agreement  that  the  grower  remove  equivalent  quantities  of  manure
from  the  feedlot.

The  micro-nutrient  components  of  manure  are  considered  to  have
monetary  value  equal  to  the  cost  of  these  soil  amendments  purchased
in  the  form  of  commercial  fertilizers.     It  was  determined  that  a  ton
of  fresh  manure  is  worth  approximately  $7.50   (in  1977  dollars) .
This  estimate  considers  an  allowance  of  50¢  for  the  micro-nutrient
content  and  soil  conditioning  properties  of  manure.     Based  on  current
charges  for  commercial  manure  hauling  and  spreading  services  in  the
region,  manure  can  economically  be  transported  and  applied  up  to  a
maximum  of  approximately  35  miles  from  its  source.     In  the  two-
county  area,  however,  most  manure  is  stockpiled  prior  to  use.
Nutrient  losses  in  storage  may  range  to  over  50  percent.     Economic
value  and  associated  effective  haul  distance  is  decreased  accordingly.
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Salt  and  nitrogen  in  manure  are  con§tituents  which  possess  the
greatest  potential  for  degrading  water  quality.    Deleterious  impactsresult  when  such  substances  are  leached  to  underlying  groundwaters.
The  biological  oxygen  demand  associated  with  cropland  manures  is  not
considered  to  be  a  water  quality  problem  in  the  Iiarimer-Weld  area.
Topography,  climate,   irrigation  practice,   and  manure  management
techniques  in  the  Region  are  not  conducive  to  runof f  transport  of
oxygen  demanding  materials  from  fields  to  surface  waters.

The  rates  at  which  manure  should  be  applied  to  satisfy  nutrient
requirements  of  crops,  maintain  long-term  agricultural  productivity,
and  ensure  quality  of  underlying  groundwater  is  a  subject  of  extreme
complexity.

Optimum  land  applications  of  manure  for  crop  utilization  are  largely
dependent  on  individual  on-farm  characteristics.     The  amount  applied
and  method  of  spreading  is  a  function  of  the  following  factors:

0Physical  and  chemical  characteristics  of  the  applied
manure ;

Physical  and  chemical  characteristics  of  the  soil;

Type  of  crop.

It  is  recommended  that  individuals  responsible  for  manure  management
sample  agricultural  soils  and  manures  annually  to  determine  the
nature  of  their  own  particular  situation.    Manure  application  rates
can  be  prescribed  accordingly.     This  is  especially  important  on
farms  where  manure  is  routinely  spread.    Much  of  the  nitrate  benefit
of  manure  is  released  as  the  waste  decays  in  years  succeeding  initial
application.     It  is  desirable  in  any  given  year  to  evaluate  total
quantity  of  nitrates  made  available  to  cropland  soils  by  the  presence
of  newly  applied  and  residual  manures.     Annual  soil  sampling  also
provides  a  means  of  assessing  salt  buildup  in  the  soil  profile.
Salt  content  of  applied  manure  and  irrigation  water  may  govern
manure  loading  rates  to  agricultural  soils  in  some  instances.
Research  conducted  in  the Region  has  demonstrated  that  manure  appli-
cation  rates  of  25  to  50  tons  per  acre  on  a  wet  weight  basis  as
removed  from  a  feedlot  allow  for  nearly  optimum  forage  yields  with  a
minimum  of  nitrate-nitrogen  degradation  of  underlying  soils.
Because  of  residual  manure  nutrient  value,  this  loading  rate  should
be  reduced  substantially  on  fields  subject  to  a  long  history  of
manure  application.     Loading  should  be  decreased  in  years  subsequent
to  initial  application  in  consideration  of  the  cumulative  benefits
of  residual  manures.

Some  areas  in  the  Region  were  found  to  be  overloaded  on  a  long-term
basis.     It  was  also  discovered  that  groundwater  underlying  these
fields  contained  in  some  instances  an  excess  of  loo  lbs.  of  nitrogen
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per  acre  foot.     Further,  this  groundwater  is  often  pumped  to  supple-
ment  surface  irrigation  water  which  leads  to  the  conclusion  that
farmers  are  not  recognizing  the  nutrient  value  of  groundwater.     It
is  not  known  what  the  precise  areal  extent  of  this  "condition''  is.
However,  agricultural  pollution  studies  have  defined  areas  where
this  phenomenon  has  the  highest  potential  for  occurrence  based  on  a
relationship  of  irrigated  sandy  soils  and  travel  distances   (econo-
mically  based  distance)   to  manure  sources.

The  economic  and  water  quality  implications  are  far  reaching.     For
example,  by  testing  the  quality  of  groundwater  utilized  for  supple-
mental  surface  irrigation   (a  practice  not  now  generally  applicable)
in  addition  to  measuring  soil  chemistry,  the  optimum  fertilizer,
manure,  water  application  rates  can  be  determined.     In  some  areas,
it  is  anticipated  that  farmers  could  substantially  reduce  fertilizing
expenditures.     In  such  instances,   long  term  utilization  of  the
groundwater  both  for  its  nutrient  value  and  irrigation  value  could
result  in  decreasing  the  nitrogen  concentration  of  groundwater  while
resulting  in  direct  cost  savings  to  the  irrigator.    Additionally,
with  better  management  of  manure  based  on  more  scientific  testing,
major  improvements  in  the  economics  of  manure/hauling  and  applica-
tion  could  improve  substantially.

The  Lone  Tree  Creek  Basin  north  and  east  of  Greeley  has  been  proposed
as  an  agricultural  model  implementation  area   (Interim  WQMP  Report
No.   26)   for  development  and  application  of  best  management  practices
to  optimize  resource  recovery  and  reduce  ground  water  pollution
associated  with  manure  recycling.

5.2      SAFE   DRINKING   WATER

The  Safe  Drinking  Water  Act  of  1974   (PL  93-523)   provides   for  the
safety  of  public  drinking  water  supplies  throughout  the  United
States  by  establishing  and  enforcing  national  drinking  water  quality
standards.     The  Environmental  Protection  Agency  has  the  primary
res'ponsibility  for  establishing  the  national  standards  while  the
states  are  responsible  for  enforcing  the  standards  or  otherwise
supervising  public  drinking  water  supply  systems  and  sources  of
drinking  water.     The  national  drinking  water  standards  apply  to  all
public  water. systems  serving  at  least  25  people  or  having  at  least
15  service  connections.    Further  provisions  are  established  for
schools,.  places  of  employment,   restaurants,  hotels,  motels  and
recreation  areas  serving  a  certain  number  of  persons  for  a  specif ied
duration.     The  purpose  of  this  section  is  to  show  the  steps  being
taken  by  EPA  and  the  State  of  Colorado  to  help  insure  high  quality
drinking  water  and  the  relationship  between  drinking  water  protection
and  the  Larimer-Weld  208  Planning  Program.
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5. 2.i           ALpp±9_ach  to  Establi_shing  standarg±

The  Safe  Drinking  Water  Act  is  a  public  health  measure  designed  to
protect  the  health  of  human  beings.    National  drinking  water
standards  have  been  established  by  EPA  to  ref lect  the  best  scienti-
fie  and  technical  judgments  available.     They  were  developed  by  a  15-
member  National  Drinking  Water  Advisory  Committee  comprised  of
representatives  of  the  general  public,  state  and  local  agencies,  and
experts  in  the  field  of  public  water  supply.

This  committee  operated  with  additional  expertise  from  several
technical  subcommittees  focusing  on  specialized  water  quality  and
human  health  topics.     Numerous  agencies  and  organizations  including
the  Department  of  Health,  Education' and  Welfare  were  consulted  in
the  development  of  "National  Interim  Primary  Drinking  Water  Regula-
tions.'.    Ihe  Regulations  set  achievable  levels  of  drinking  water  to
protect  human  health  and  are  indicated  as  "interim"  regulations
because  research  in  this  area  is  still  continuing.    EPA  has  estab-
lished  maximum  contaminant  levels  for  10  chemicals,   6  pesticides,
bacteria,  radioactivity  and  turbidity.    The  aLpproach  to  solving  the
public  health  problem  posed  by  drinking  water  is  to  find  solutions
to  the  problem  as  they  are  identified  in  raw water  supply  intended
for  public  use.    Special  studies  carried  out  under  the  Act  have
focused  on  appropriate  contaminant  removal  processes  to  meet  regu-
latory  drinking  water  standards.

In  the  development  of  drinking  water  standards  for  various  consti-
tuents,   the  National  Academy  of  Sciences  has  made  numerous  consid-
erations  in  developing  criteria  for  a  particular  constituent.    In
review  of  water  constituents,  the  study  group  for  the  National
Academy  of  Sciences  attempted  not  only  to  account  for  identities,
concentrations  and  toxicities,  but  also  consideration  for  such
questions  as:

i.       What  reason  is  there  for  concern  abotit  the  material?
What  risks  are  associated  with  its  presence  in  water?

2.       How  does  the  material  get  into  the  water?

3.       What  sources  are  there  other  than  water?

4.       What  contaminants  need  to  be  controlled?

5.       Are  there  special  places  or  persons   (species  could  be
substituted  here)   at  higher  than  average  risk?

6.      What  additional  information  is  required  to  resolve  the
outstanding  problem?

(Extracted  from  National  Academy  of  Sciences,   1977.     Drinking  Water
and  Health.)

5-11



5.2.2            Colorado  Drinkin Water  Standards

Colorado's  drinking  water  regulations  divide  community  water  systems
into  two  groups  -  those  which  tap  groundwater  sources  and  those
which  use  surface  waters.     Community  water  supply  systems  are  those
which  serve  at  least  25  residents  for  at  least  60  days  a  year.    Non-
c!Ommunity  systems  are  those  which  serve  at  least  25  persons  a  day
for  at  least  60  days  a  year  on  a  part-time  basis.     Those  included  in
the  non-community  systems  would  be  schools,  places  of  employment,
restaurants,  hotels,  motels  and  recreation  areas.

Community  water  supplies  which  use  groundwaters  must  disinfect  their
water  to  kill  diseas.e  producing  organisms  and  monitor  water  at  least
twice  a  month  for  microbiological  contaminants.     They  must  also
adhere  to  water ,quality  standards  for  radioactivity  and  inorganic
chemicals  as  listed  in  Fable  5.2.2.     They  must  have  tests  completed
for  inorganic  chemicals  by  June  24,1979,  and  repeat  the  tests  every
three  years  thereafter.    They  must  also  being  tests  for  radioactive
radium-226  and  228  and  for  gross  alpha  radiation  by  June  24,1979,
and  have  tests  completed  by  June  24,1980.

Communities  for  which  water  supplies  are  derived  from  surface  water
must  filter  and  otherwise  disinfect  their  water  to  kill  and  remove
disease-producing  organisms,   and  being  ilirmediately  to  monitor  their
water  at  least  twice  a  month  for  microbiological  contaminants.    They
must  also  meet  water  quality  Standards  for  turbidity;  radioactivity;
and  the  organic  chemicals  listed  in  table  5.2.2.    Testing  for  tur-
bidity  must  begin  immediately  and  occur  each  day.    Tests  must  be
completed  for  inorganic  chemicals  by  June  24,1978,   and  tests  must
be  repeated  annually  thereafter.    Tests  must  be  completed  for  organic
chemicals  also  by  June  24,1978,   and  tests  must  be  repeated  every
three  years  thereafter.     Tests  for  radioactive  radium  226  and  228
and  for  gross  alpha  radiation  must  be  begun  by  June  24,1979,   and
completed  by  June  24,1980.     Systems  which  serve  more  than  loo,000
persons  must  also  test  for  gross  beta  radiation.
Nan-community  water  systems  must  disinfect  and,   if  surface  water  is
used,   filter  water  to  remove  disease  causing  organisms  and  begin
testing  for  bacteriological  quality  on  a  quarterly  basis  by  June  24,
1979.     Analysis  for  nitrates  must  be  also  completed  by  June  24,
1979,   and  if  a  Surface  water  is  used,   they  must  begin  testing  for
turbidity  each  day  by  June  24,1979.

5.2.3            Drinkin Water  Contaminants in  Larimer-Weld  Re

The  Larimer-Weld  Region  drinking  water  contaminants  identified  as
concerns  in  public  water  supply  thus  far  are  nitrates,  turbidity  and
Coliform  bacteria.     The  presence  of  nitrates  in  ground  and  surface
water  supplies  is  the  result  of  municipal  waste  discharges,  applica-
tion  of  animal  wastes   (primarily  feedlot  waste)   commercial  fertilizer
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TABI.E   5.2.2      STATE   OF   COLORADO   DRINKING   WATER STANDARDs ( 1 )
Maximum  Contaminant  Levels

Inor anic  Chemicals

Arsenic
Bariun
Cadriun
Chromium
Lead
Mercury
Nitrate   (as  N)
Selenium
Silver

Level ,
milligrams
per  liter

0.05
I.
0 . 010
0.05
0.05
0.002

10.
0.01
0.05

Fluoride 1.4   to   2.4
(Dependent  upon
annual  avg.   air
temperatures)

anic  Chemicals

(a)     Chlorinated  hydrocarbons:

Endrin   (1,2,3,4,10,10-hexachloro-6,
7-epoxy-i , 4 , 4a , 5 , 6 , 7 , 8 , 8a-octahydro-I ,
4-endo,   endo-5,   8-dimethano  naphtalene).

Lindane   (i,2,3,4,5,6-hexachloro-
cyclohexane,   gamma  isomer) .

Methoxychlor   (i,i,I-Trichloro-2,   2-big
(p-methoxyphenyl)   ethane) .

Toxaphene   (CioHioc18-Technical  chlorinated
camphene,   67-69  percent  chlorine) .

(b)     Chlorophenoxys:

2,4-D,   (2,4-Dichlorophenoxyacetic  acid).

2,4,5-TP  Silvex   (2,4,5-Tricholorophenoxy-
propionic  acid) .

Level ,
milligrams
per  liter

0.0002

0.004

0.i

0.005

0.I

0.01

Summarized  in  part  from   Colo`rad.o  Depar±nEmt  of  Health  -  Colorado
Safe  Dri.nking  Water  Standards   and  Regulations7   Ncyvember  1977.
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TABLE   5.2.2      STATE   OF   COIioRADO   DRINKING   WATER   STANDARDS
(Continued)

anic  Chemicals

Turbidity

Microbiolo ical
Coliform  bacteria

Level ,
milligrams
per  liter

1  Turbidity  Unit   (TU)   as
determined  by  monthly  avg.
except  that  5  or  fewer  TU's
may  be  allowed  if  the  sup-
plier  of  water  can  demon-
strate  that  the  higher
turbidity  did  not  (i)   inter-
fere  with  disinfection;   (ii)
prevent  maintenance  of  an
effective  disinfectant  agent
throughout  the  distribution
system;  or   (iii)   interfere
with  microbial  determinations

i/100  ml
membrane .f ilter  technique
(Provisions  included  for
multiple  sample  or  other
techniques  of  measure)

Radioactivity

Radium-226
Radium-228
Gross  Alpha  Particle

(Excluding  radium  and  uranium  but
including  radium-226)

Tritiun
Strontium-90

Man-made  radionuclides

5  pci/i
combined

15  pci(2)/i

20'000  pci/1
8  pci/I

4  mrem ( 3) /year

(3)

pci  -  Picocurie  means  the  quantity  of  radioactive  material
producing  2.22  nuclear  transformations  per  minute.
mrem  -  Millirem  is  i/1000  of  a  rein.     Rein  -  is  the  unit  of
dose  equivalent  from  ionizing  radiation  to  the  body  or  any
internal  organ  or  organ  system.
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applications  to  agricultural  lands,  and  natural  sources.     Conven-
tional  municipal  waste  treatment  processes  do  not  remove  nitrate
nitrogen.     The  amount  of  nitrates  contributed  to  surface  and  ground-
water  supplies  without  exotic  treatment  processes  mav  be  controlled
to  some  extent  by  closelv  monitoring  application  rat.€s  of  nitrogen
containing  commercial  fertilizers  and  animal  wastes  and  the  amount
of  irrigation  waters  which  could  potentially  leach  the  nitrate
nitroaen  from  the  soil.

Conventional  disinfection  processes,   the  most  common  of  which  is
chlorination,  appears  to  solve  most  of  the  bacteriological  problems.
Turbidity  levels,  on  the  other  hand,  are  hard  to  control  and  are
primarily  a  problem  of  surface  water  supply.     The  extensive  use  of
organic  chemicals  such  as  pesticides,  herbicides,   and  insecticides
on  aaricultural  lands  in  the  Region,  has  brought  about  awareness  for
contamination  of  water  supply.     The  current  assessment  of  these
materials  is  that  they  pose  little  problem  in  terms  of  meeting
maximum  contaminant  levels  estaLblished  under  the  Safe  Drinking  Water
Act.     However,   continued  monitoring  will  be  required  to  ensure  pro-
tection  of  water  supplies.      (Interim  WQMP  Report  No.   22).

The  strategy  taken  by  EPA  and  the  State  for  insuring  safe  public
drinking  water  supplies  under  the  Safe  Drinking  Water  Act  is  to
treat  raw  water  only  as  it  becomes  used  for  public  water  supply.

Treatment  processes  for  problem  contaminants  to  drinking  water
supply  are  listed  in  Table  5.2.3  along  with  the  anticipated  percent
removal  of  contaminants.

5.2.4           Relationship  to  the Safe   Drinkino  Wate`r.  A.c`€  a`nd`  the
208   Program

It  is  anticipated  that  some  communities,  particularly  those  relying
on  groundwater  supplies,  will  not  meet  the  drinkincT  water  standards
specified  in  the  Safe  Drinking  Water  Act.     r]roundw;ters  in  the
Region  have  been  impacted  bv  both  natural  and  manmade  source  of
pollution  from periodsranging  .from  loo  to  several  thousand  years,
depending  on  the  source.     Experience  in  other  Western  States  indi-
cates  that  solutions  to  groundwater  quality  problems  are  lona-term
in  nature,   if  feasible  at  all.     Identification  of  the  sources  of
the  pollution  and  evaluation  of  the  feasibility  of  controlling  those
sources  will  be  a  major  planning  effort  in  itself .     If  feasible
solutions  are  available,   implementation  can  only  be  carried  out  over
a  period  of  years.     Siqnificant  water  quality  improvements  may  not
be  observed  for  many  years  following  actual  implementation.     The  net
ef fect  is  that  communities  relying  on  groundwater  supplies  cannot
expect  short-term  solutions  involving  changes  in  the  quality  of  the
source  of  supply.     Short-term  solutions  would  appear  to  involve
seeking  other  sources  of  su.pply  or  extremely  sophisticated  and
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TABLE   5.2.3

WATER   TREATMENT   PROCESS
FOR   DRINKINr,  WATER

CONTAMINANT   REMOVAL

Turbidit

Plain  Sedimentation

Coagulation ,   Sedimentation
and  Filtration

Nitrate
Reverse  Osmosis

Electrodialysis

Ion  ExcHange

Coliform Organism

Chlorination

Ozonation

Chlorine  Dioxide

Sedimentation*

Coagulation*

Filtration*

Percent  Removal

50-95

80-99

90-97

80

98

99

99

99

0-99

Significant  amounts

0-99

*  These  methods   do not  in  themselves  provide  adequate  bacterial
reduction.     However,   their  use  prior  to  disinfection  may
significantly  lower  those  costs  associated  with  disinfection.
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expensive  treatment  of  waters  prior  to  use.    These  alternatives  must
be  evaluated  on  a  case-by-case  basis  by  each  individual  community.

Through  the  continuing  208  planning  process,   results  of  community
water  supply  sampling  will  be  reviewed  as  part  of  the  regional  water
quality  monitoring  program.    Assistance  will  be  provided  in  identi-
fying  pollutant  sources,  developing  recommendations  for  problem
solving,  and  incorporating  recommendations  into  the  planning  and
implementation  phases.

5.3      ENERGY   CONSERVATION

Energy  conservation  in  concert  with  water  pollution  control  ef forts
requires  that  trade-of f s  be  made  between  incremental  increases  in
water  quality  and  increased  consumption  of  energy.    Without  attempt-
ing  to  clef ine  total  comprehensive  energy  requirements  for  all  point
source  and  non-point  source  pollution  controls,  it  is  possible  to
point  out  general  areas  of  concern  in  selecting  alternative  water
pollution  control  measures.    All  structural  or  non-structural  water
pollution  control  measures  are  energy  consumptive  to  some  degree.
From  the  manufacture  of  sewer  pipe  and  mechanical  waste  treatment
components  to  the  excavation  of  sewer  line  trenches  and  operation
a  waste  treatment  System,  energy  is  required.     Increasing  concern
the  national  and  local  level  for  energy  conservation  is  beginning
encourage  the  selection  of  less  energy  consumptive  alternatives
while  still  attempting  to  accomplish  the  job  at  hand.

5.3.1            Munici al  and Industrial  Waste  Treatment

Depending  upon  sizing  and  number  of  mechanical  components  and
operations  in  a  waste  treatment  plant,  energy  requirements  for
manufacture,   construction,  operation  and  maintenance  may  vary
widely.     In  general,  activated  sludge  waste  treatment  and  other
highly  mechanical  operations  tend  to  be  more  energy  consumptive  both
in  manufacture  of  components  and  in  operation.     Less  sophisticated,
but  effective,  waste  treatment  alternatives  such  as  waste  stabiliza-
tion  ponds  tend  to  be  less  consumptive  of  energy.     Depending  upon
sizing  of  a  system  and  particular  design  needs,  one  system  may  be
chosen  over  another,  but  in  most  cases  currently  energy  is  only  a
minor  consideration  relative  to  other  concerns  regarding  plan
operation.     New  regulations  for  the  EPA  Construction  Grants  Program
(201  Facility  Planning)   require  that  energy  considerations  be  given
in  evaluating  waste  treatment  alternatives.     Individual  system
energy  requirements  should  be  examined  here.

5. 3. 2            ALg£_ig_ulture  -Best  Management  Practices

Energy  consumption  in  agricultural  water  pollution  control  is  a
function  of  the  selection  of  both  structural  and  non-structural
management  practice  techniques.     Such  management  practices  as
sprinkler  irrigation  and  tailwater  recovery  systems,  which  employ
the  use  of  motorized  pumps  to  pump  water  from  wells  or  ponds  to
sprinkler  heads  or  back  into  ditches  at  higher  elevations  to  again
be  used  for  irrigation,  obviously  consume  energy.     In  the  selection
of  Best  Management  Practices,   it  is  necessary  to  balance  the  benefits
which  may  be  derived  from  a  practice  in  addition  to  water  pollution
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control.     Some  practices  may  be  beneficial  for  soil  erosion,   farming
economy  considerations,  including  labor  and  nutrient  and  pesticide
application,   as  well  as  energy  conservation.     These  elements  have
been,  and  will  continue  to  be,   important  considerations  in  final
selection  of  Best  Management  Practices  for  the  Larimer-Weld  Region.

5. 3. 3            Relationshi to  the  208  Pro

Planning,  management,  operations  agencies  for  point  and  non-point
source  pollution  control  should  be  required  to  address  the  questions
of  energy  consumption  and  energy  conservation  measures  proposed  as  a
part  of  implementation  of  pollution  control  prograns.    The  cost
ef fective  analysis  of  pollution  control  measures  involving  point  and
non-point  sources  should  include  a  specific  review  and  evaluation  of
the  energy  impact  of  those  measures.     In  addition  to  other  factors
controlling  cost-effectiveness,  alternatives  should  be  ranked
according  to  energy  consumption.     Feasible  energy  conservation
measures  should  be  evaluated  for  each  proposed  structural  or  non-
structural  solution  and  incorporated  into  the  design  of  the  solu-
tions  to  the  maximum  extent  possible.     The  specific  considerations
which  result  in  the  selection  of  high  energy  consumption  alternatives
should  be  delineated  and  reviewed  during  the  planning  process.

5. 4      WATER   CONSERVATION

Water  conservation  may  have  a  potential  benef icial  impact  on  water
quality  management  in  three  principal  areas.     They  are:

I.      agricultural  pollution  control;

2.       municipal  waste  treatment  requirements;   and

3.       in-stream  flow  in  the  plains  area.

5.4.i              A ricultural  Pollution  Control
Agricultural  pollution  control  studies  conducted  as  part  of  the
initial  Larimer-Weld  208  water  quality  management  planning  process
conclude  that  there  is  a  direct  correlation  between  irrigation
efficiency  and  water  quality  in  the  lower  Cache  la  Poudre,  Big
Thompson,   and  St.  Vrain  Rivers.     In-stream  flow  and  water  quality
measurements  confirm  that  during  irrigation  months,  in  various
locations,   the  rivers  contain  100%  return  flows  and  no  native
water.    Water  quality  as  measured  by  salinity   (Total  Dissolved
Solids)   in  the  rivers  in  these  locations  correspond  to  that  charac-
teristic  of  irrigation  tailwater  and  seepage  found  in  tile  drains.
It  has  been  concluded  that  by  increasing  irrigation  efficiency,
return  flows  will  be  reduced,   thereby  reducing  the  loading  potential
of  irrigation  return  flows  in  area  streams.     Best  Management  Prac-
tices   (BMP's)   commonly  employed  as  land  and  water  conservation
measures  by  individual  farmers,  ditch  companies,   Soil  Conservation

5-18



Districts  and  the  Agricultural  Stabilization  and  Conservation
Service,  are  believed  to  have  potential  for  reducing  pollutional
loadings.     BMP'§  which  can  increase  irrigation  efficiency  include
such  items  as  irrigation  scheduling,  reducing  the  length  of  run  and
sprinkler  systems,   among  others.

The  desirability  of  employing  such  practices  for  water  quality
improvements  will  depend  upon  the  desired  in-stream  water  quality
goals  and  corresponding  benef icial  uses  and  a  testing  program  which
clef ines  the  actual  water  quality  improvement  that  can  be  derived
from  such  practices.     A  more  thorough  analysis  of  this  issue  can  be
found  in  Water
WQMP Report  No ffinREiff
Technical  and  Insti
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5. 4. 2             ML±±±p_i_cipal  Waste  Treatment  Requirements

Water  conservation  measures  in  homes  and  businesses  can  reduce  the
volume  of  flow  in  wastewater  treatment  facilities,  thereby  poten-
tially  extending  their  life  from  the  standpoint  of  hydraulic  capa-
city.     However,  governmental  decisions  regarding  domestic  water
conservation  should  be  based  on  site  Specific  studies  and  consider-
ation  of  multiple  objectives   (for  example,  reduced  energy  and
operational  costs  both  at  the  water  and  sewage  treatment  plants) .

In  recent  years,  a  number  of  research  institutes  have  studied  and
demonstrated  model  water  conservation  programs.     One  such  study
examined  the  potential  impact  of  water  conservation  on  waste  treat-
ment  facilities   (Sharpe  and  Fletcher,  July  1977) .     Some  of  the
pertinent  conclusions  of  the  study  are  as  follows:

I)       Code  requirements  appear  to  be  an  acceptable  and  valid
approach  to  water  conservation.

2)       The  plumbing  profession  should  be  involved  in  the  code
change  process  from  its  inception  and  information  programs
for  plumbers  on  available  water-saving  devices  should
accompany  proposed  code  changes.

3)       Specific  design  criteria  for  sanitary  drainage  systems
where  water-saving  toilets  are  to  be  used  should  be
developed.

4)       Significant  numbers  of  new  homeowners  were  not  aware  that
code  required  water-saving  devices  were  installed  in  their
homes .

5)       In  a  large  and  populous  service  area,  an  intensive  and
continuous  program  will  be  necessary  to  maintain  public
awareness  of  water  conservation  programs.
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6)       A  5  to  10  percent  reduction  in  actual  flow  rate  appears  to
be  economically  justified  for  a  plumber-installed  device
costing  Sl  or  less.     If  zero  installation  cost  and  a
service  life  longer  than  I  year  are  assumed,  the  percent
reduction  needed  to  justify  the  cost  of  the  device  would
be  less  than  one  percent.

7)       Minimum  use  water-saving  technology  should  reduce  the
waste flows  in  individual  and  small  scale  waste  treatment
facilities  by  at  least  50  percent.

8)       In  many  instances,   the  application  of  minimum  use  technol-
ogy  should  help  to  alleviate  chronic  pollution  problems
associated  with  overloaded  small  scale  treatment  plants
and  malfunctioning  individual  sewage  systems.

9)       Minimum  use  technology  offers  a  very  clear  economic
advantage  in  cases  where  holding  tanks  are  used  for  on-
site  sewage  disposal.

While  the  above  conclusions  show  many  positive  aspects,  there  is
still  some  disagreement  regarding  the  impact  of  water-saving  devices
on  waste  treatment  facilities.     The  U.S.  Environmental  Protection
Agency  Office  of  Air,  Land  and  Water  Use  is  examining  the  potential
for  water  conservation,  its  impact  on  waste  treatment  facilities  and
the  role  of  regulations  and  guidance  materials  pertaining  thereto  in
EPA's  funding  of  municipal  waste  treatment  facilities.     Dr.   Roland
Schaefer  felt    that  the  actual  reduction  in  f low  in  individual  or
small  scale  waste  treatment  facilities  through  the  use  of  minimum
use  water-saving  technology   (shower  and  faucet  fixtures  and  toilets) ,
is  highly  variable  and  depends  upon  such  factors  as  inf iltration  and
inflow.    Additionally,  in  recent  experience  in  drought-stricken
Marin  County,  California,  where  drastic  water  conservation  measures
were  imposed  by  local  officials,   it  was  demonstrated  that  a  30%  to
40%  reduction  in  flow  in  sewer  lines  did  not  adversely  impact  the
hydrology  of  the  system.

Study  conclusions  seem  to  indicate  that  the  current  rate  of  utili-
zation  of  domestic  water  is  associated  with  a  sense  of  quality  of
life.    Further,  that  in  the  absence  of  regulations,  codes  or  ordi-
nances,   continuous  public  education  will  be  required.

5.4.2.1       Potential   for  Reducing  Domestic  Water  Demands
in  the  Larimer-Weld  Region

In  order  to  assess  the  potential  for  a  reduction  in  water  demands  in
the  region,   a  summary  analysis  of  Loveland,  Greeley  and  Fort  Collins
water  demand  was  conducted.     Table  5.4.2-A  summarizes  the  1977  raw
water  supply  treated  by  the  municipalities.     The  annual  average
demand   (shown  in  Column  C)   measured  in  gallons  per  capita  per  day
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reflects  all  uses  including  domestic,  corrmercial  and  industrial
divided  by  estimated  population  served.     Compared  to  a  national
average  per  capita  demand  of  156  gpcd,   the  local  usage  appears  to  be
high.    This  situation,  of  course,  is  to  a  large  degree  due  to  the
semi-arid  conditions  and  corresponding  increase  in  lawn  watering
practices.    With  an  annual  average  percipitation  of  approximately  14
inches  and  an  average  demand  of  30  to  36  inches  per  acre  of  water
per  year  for  ground  cover,  a  deficit  of  16  to  20  inches  per  year
must  be  provided  by  lawn  irrigation.

The  year  1977  was,  of  course,   a  drought  year  in  the  region  and
annual  average  and  seasonal  demands  were  reduced  somewhat  due  to
lawn  watering  restrictions  imposed  in  Fort  Collins  and  Loveland.
For  example,  Loveland  in  1974,   experienced  a  sulrmer  average  demand
of  435  gallons  per  capita  per  day  where  a  modest  lawn  watering
restriction  program  was  imposed,  whereas  in  1977  rather  severe
watering  restrictions  resulted  in  a  335  gpcd  summertime  demand.

In  order  to  achieve  a  reduction  in  flow  into  sewerage  systems,  a
reduction  in  in-home  usage  must  be  attained.    A  recent  assessment  by
Dr.   Schaefer   of    an  EPA-funded  Denver  Research  Institute  study  of
water  conservation  in  the  Denver  metropolitan  area  indicated  that  a
25%  net  reduction  of  in-home  water  demand  could  be  achieved  by  the
installation  of  commonly  found  water  saving  devices  in  new  homes,
and  an  additional  17%  reduction  could  be  achieved  by  an  additional
measure  of  retrofitting  such  devices  in  existing  homes.

5.4.2.2       Potential  Impact  of  Reducing  In-Home  Usage  Waste
Treatment  Facilities

Wastewater  entering  sewage  treatment  plants  includes  disposal  water
from  commercial,  industrial  and  residential  uses,  and  infiltration
and  inflow.     Inflow,  which  is  stormwater  that  is  drained  directly
into  sanitary  sewage  pipes,  is  not  considered  to  be  a  significant
source  of  flow  in  waste  treatment  facilities  in  Loveland,  Fort
Collins  and  Greeley.     Infiltration,  which  is  ground  water  that  finds
its  way  into  pipe  joints  is  collmon  to  all  sewage  collection  systems.
(Additional  analysis  on  imf iltration/  inflow  and  in-home  saving
water  conservation  measures  may  be  found  in  Interim  WQMP  Report  No.
24.)

Unit  waste  f lows  that  are  commonly  used  as  design  criteria  for  new
collection  systems  is  loo  gpcd.     Unit  waste  flows   (annual  average)
currently  experienced  are:

Fort  Collins
Greeley
I,oveland

174   gpcd
119  gpcd
116   gpcd

It  is  not  known  what  percent  of  the  unit  waste  flows  is  attributable
to  in-home  usage   (sanitary  unit  waste  flow).     However,   the  national
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average  is  60  gpcd.     Using  a  theoretical  value  of  60  gpcd  for
sanitary  unit  waste  flow  for  the  three  major  cities  and  the  percent
reduction  in  water  demand  provided  by  Dr.   Schaefer,  which  is  also
hypothetical,   an  order  of  magnitude  computation  can  be  made  to
determine  the  potential  impact  on  sewage  treatment  plant  require-
ments.     Table  5.4.2-8,  which  summarizes  this  analysis,   indicates
that  modest  reduction  in  f lows  in  sewage  treatment  f acilities  can  be
anticipated  as  a  consequence  of  requiring  in-home  water  conservation
measures.     This  analysis  was  based,  of  course,  on  conservative
estimates  and  broad  assumptions.     Howeve`r,   if  after  detailed  and
site  specific  studies,  these  estimates  are  confirmed,  it  would
appear  that  the  potential  reduction  in  f low  in  Sewage  treatment
plants  and  the  corresponding  increase  in  available  hydraulic  capa-
city,  however  modest  it  may  seem,   could  be  significant.

This  tentative  conclusion,  however,   should  not  discourage  local
communities  and  water  districts  from  undertaking  studies  and  pro-
grams  to  reduce  water  demands.     On  the  contrary,  the  benefits  of
modest  reduction  of  flow  in  sewage  treatment  plants  coupled  with
further  reductions  in  f low  resulting  from  ongoing  attempts  to
correct  infiltration  and  inflow  problems  can  be  substantial.    For
example,  Greeley  and  Loveland  have  established  goals  of  reducing
unit  waste  flows  from  119  gpcd  and  116  gpcd,   respectively,   to  loo
gpcd.     The  City  of  Fort  Collins,  which  experiences  severe  problems,
is  attempting  a  target  reduction  from  180  gpcd  to  155  gpcd  has  been
suggested.     If  these  reductions  in  I/I  are  achieved,  the  net  reduc-
tion  in  average  daily  f lows  in  treatment  plants  can  more  than
double  those  indicated  in  Table  5.4.2-a.
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6. 0      AliTERNATIVE   IMPLEMENTATION STRATEGIES

The  fundamental  objective  of  208  planning  is  to  define  the  ways
and  means  of  meeting  the  goals  of  Public  liaw  92-500.     The
fishable-swimmable  goal  of  the  law  is  achievable  from  a  technical
standpoint.     However,  any  assessment  of  the  practicality  and
desirability  of  developing  fishable-swimable  waters  in  the
Larimer-Weld  Region  must  consider  social  and  economic  as  well
as  technical  factors.    The  entire  spectrum  of  water  quantity
and  quality  management  must  be  reviewed  and  weighed  in  terms  of
its  total  regional  impact  in  defining  the  1983  goal,  and  the
application  of  that  goal  in  the  Region.

The  1983  goal  also  bears  interpretation  in  terms  of  the  technical
assumptions  and  criteria  made  to  determine  pollution  control
strategies.    As  a  result  of  the  extensive  analyses  conducted  as
part  of  the  Larimer-Weld  208  Program,   including  considerations
for  water  resources,  water  uses,  point  source  discharges,  and
non-point  source  discharges,  four  alternative  strategies  have
been  developed  to  achieve  the  1983  goal.     These  strategies
recognize  the  varying  interpretation  applicable  in  defining
1983  goals.    Strategies  recognize  that  aquatic  life  does  exist
in  the  plains,  as  well  as  in  the  mountain  regimes  of  the  Cache
la  Poudre  River,  Big  Thompson,  I,ittle  Thompson  River,  St.  Vrain
Creek,  and  South  Platte  Rivers.     In  plains  reaches,  this  aquatic
life  or  fishery  is  limited  in  its  size  and  diversity  by  hydrolo-
gic  and  habitat  restraints,  presented  previously  in  Section
4.0.     In  order  to  upgrade  these  aquatic  inhabitants,  modifica-
tions  in  hydrology  and  habitat  would  be  required,  in  addition
to  point  and  non-point  pollution  control  measures.

6.i      APPROACH   TO   STRATEGIES

Four  alternative  technical  strategies  were  developed  and  evalu-
ated  as  means  of  achieving  applicable  national  water  quality
goals  in  the  Larimer-Weld  Region.

During  the  course  of  208  plan  development,   representatives  of
various  agencies  and  interests  in  the  region  have  adopted  a
positive  attitude  toward  maximizing  creation  of  a  desirable
sport  fishery  in  reaches  of  rivers  that  may  have  never  histor-
ically  supported  such  a  self-propagating  fish  community  of
introduced  species.    Alternative  plans  reflect  this  progressive
approach.    Physical  and  administrative  strategies  necessary  to
attain  a  desirable  fishery  are  explored  at  length.    Associated
costs  are  also  depicted.



6.2      FEATURES   COMMON   TO   AI,L   PI,ANS

All  of  the  pollution  control  strategies  for  Larimer-Weld  Region
include  the  following  fundamental  characteristics:

I.

2.

4.

All  high  mountain  streams,   i.e.,   flowing  streams
above  5,500  feet  elevation,  are  protected  against  any
degradation  which  would  deter  from  the  existing
beneficial  use  including  domestic  water  supply,
agriculture  water  supply,  cold  water  aquatic  life,
and  recreation.

Major  communities  continue  to  use  effective  non-point
source  control  provisions  including  street  sweeping,
litter  control,  stormwater  retention  facilities,  and
may  adopt  additional  nan-point  source  control  measures
when  and  if  continued  planning  and  monitoring  demon-
strates  their  cost-effectiveness.
Agricultural  pollution  control  measures  which  have
been  projected  as  cost-ef fective  in  certain  areas  of
the  Larimer-Weld  Region  are  adopted  on  a  voluntary
compliance  basis  by  irrigators  and  implemented  with
private  funds  and  federal  cost  sharing  funds  in
specifically  defined  demonstration  project  areas.
When  ongoing  research  has  docunented  the  cost-
ef fectiveness  of  control  measures  from  the  viewpoint
of  pollution  control  and  farm  profitability,  proven
best  management  practices   (BMP's)   will  be  implemented
in  other  areas  of  the  Region.

Secondary  treatment  is  required  at  all  municipal
waste  treatment  plants  as  a  minimum  ach`ievable  level.
Under  some  strategies,   the  advance  waste  treatment
beyond  secondary  is  also  required.

The  major  features  of  the  four  alternative  pollution  control
strategies  are  presented  in  Fable  6.2-A,  and  are  described  in
the  narratives  which  follow.    Associated  costs  are  depicted  in
Section  6.7.

6.3      STRATEGY   NO.    i

This  strategy  is  based  solely  on  meeting  existing  numeric  water
quality  standards  by  applying  higher  levels  of  wastewater
treatment  where  necessary  to  municipal  and  industrial  discharges
The  purpose  of  defining  minimum  required  wastewater  treatment
levels  requires  defining  three  levels  of  treatment  -  secondary,
tertiary,  and  advanced.    The  assumptions  regarding  these  treat-
ment  levels  are  described  as  follows:
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TABLE     6.2-A    (CONTINUED)

(a)     Costs  in  terms  of  January,   1977,   dollars.
(b)     Assumes   7%   interest,   amortized  over  20  years.
(c)     Assumes   7%  interest,   amortized  over  50  years.
(d)     Assumes   7%  interest,   amortized  over  10  years.
(e)     Assumes   unit  cost  of  C-BT  share  =   Sl,300;

Quota  =  60%;   flow  augmentation  implemented  in  Big
Thompson  River   (15  cfs)   and  Cache  la  Poudre  River
(15  cfs)   from  May  through  September;   7%   interest
amortized  over  50  years.

(f)     Meet  existing  water  quality  standards  -  No  flow  augmentation
Advanced  treatment  required  at  Fort  Collins  Nos.   i  and  2,
Boxelder  S.D. ,   Windsor,   Eastman  Kodak  Co. ,   Greeley  Delta,
and  Loveland.     Tertiary  treatment  required  at  Greeley
First  Avenue  and  Great  Western,   Loveland.

(g)     Assumes  plants  requiring  tertiary  or  advanced  waste  treat-
ment  upgrade  immediately,  unless  such  facilities  are  staged
according  to  future  need  for  additional  capacity   (Greeley
Delta) .

(h)     Staged  over  five  years.
(i)     Capitol  cost  at  an  estimated  average  participation  of  70%.

Cost  at  100%  participation  would  be  S140  million.
(j)     Includes  50%  participation  in  irrigation  scheduling

($12/acre  x  500,000   x  i/2).     Miscellaneous  0   &  M  expenses
are  minimal  and  most  BMP's  reduce  overall  0  &  M  costs.
Energy  costs  of  sprinklers  are  offset  by  reduced  labor
requirements  and  therefore  not  included.

(k)     Control  in.easures  for  urban  runoff  are  oriented  toward
source  control,  non-structural  control  options,  and
structural  options  incorporated  into  an  overall  system
of  drainage/flood  control.     Construction  assumed  in  1980.

(I)     Provide  flow  augmentation.     Advanced  treatment  required
at  Greeley  Delta.    Tertiary  treatment  required  at  Fort
Collins  Nos.   I  and  2,   Boxelder  S.D.,   Windsor,   Eastman
Kodak  Co. ,   Greeley  First  Avenue,   Loveland,   and  Great
Western,   Loveland.

(in)     Based  on  Sllo  per  surface  acre  stocked.
(n)     Based  on  one  man-year  professional  design  time  plus

$500  -$2,000  per  river  mile  for  construction;   includes
cost  of  fish  screens  estimated  to  be  $1,000  per  ditch.

(o)     Purchase  of  mini-dredge.
(p)     New  mini-dredge  to  be  purchased  in   1988.

6-4



TABLE     6.2-A    (CONTINUED)

(q)      Includes   annual  insurance  premium  of   $3,000;   assumes
dredge  operated  continuously  during  the  year;  does  not
include  cost  of  transporting,  launching,  or  retrieving
dredge;   $62,000  for  first  four  years  to  initially
expose  channel  substrate  in  the  Big  Thompson  and  Cache
la  Poudre  Rivers  downstream  from  canyon  mouths,   and  in
reach  of  the  St.  Vrain  River  within  the  two-county  area;
$37,000  per  year  thereafter  for  channel  maintenance.

(r)     Assumes  mini-dredge  operated  for  seven  months  out  of
each  year.

(S)     Protection  of  existing  water  uses    -      secondary  treatment  -
some  fish  stocking  in  selected  plains  river  reaches.

(t)     Based  on  7  months  of  professional  design  time  plus
$500  -$2,000  per  river  mile  for  construction,   includes
cost  of  fish  screens,  estimated  to  be  Sl,000  per  ditch.

(u)     Protection  of  existing  water  uses    -secondary  treat-
ment  -no  fish  stocking  in  plains  river  reaches.
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quality  OfSecondar

2.

treatment  -  Assumes  an  ef f luent
ch  is  the  minimum  state  requireinent1   BOD5i    W i

for  secondary  treatment;   15  mg/i  ammonia  which  is  a
common  value  associated  with  secondary  treatment
levels  in  the  Larimer-Weld  Region;   and  2  mg/1  dissolved
Oxygen.

Tertiar treatment  -  Is  the next  higher  level  of
treatment  above  secondary.     It  would  be  achieved
through  additional  activated  sludge  processes  or  bio-
filters.     This  process  would  reduce  BOD  to  20  mg/i,
and  ammonia  to  3  mg/1  due  to  additional  nitrification
inherent  in  these  processes.

3.       Advanced  waste  treatment  -A
|eve  a

1.5  mg/I  ammonia.     The  alternatives  includ6a  ion
exchange,   ammonia  stripping,  and  break  point  chlorina-
tion.     Ion  exchange  was  eliminated  due  to  extremely
high  operating  costs,  ammonia  stripping  does  not  work
as  well  in  cold  climates.    The  selected  alternative,
break  point  chlorination,   is  an  expensive  process  but
it  does  oxidize  ammonia  to  levels  of  i.5  mg/1  or  less
and  also  reduces  BOD  to  10  mg/1  or  less.     Cost  estimates
are  based  on  this  process.

Secondary  treatment  is  required  for  all  dischargers  throughout
the  nation  as  a  minimum  level  of  treatment.    Additional  treatment
levels,   i.e.,  tertiary  or  advanced,  were  required  in  a  number
of  cases  to  meet  in-stream  water  quality  standards  in  the
Poudre  and  Big  Thompson  Rivers.

The  level  of  information  presently  available  allows  definition
on  in-stream  water  quality  impacts  of  only  a  few  constituents
of  municipal  and  industrial  waste  discharges,   including  BOD,
dissolved  oxygen  and  ammonia.     The  state-of-the-art  of  water
quality  modeling  has  not  advanced  to  the  point  where  impacts  of
a  broad  number  of  chemical  constituents  can  be  accurately  or
even  reasonably  predicted.

Many  of  the  limitations  defined  in  the  waste  load  allocation
processes  were  associated  with  the  violation  of  the  ammonia
standard   (Interim  WQMP   Report  No.   20) .

The  total  ammonia  allowed  in  a  stream  designated  as  a  warm
water  fishery  has  typically  been  i.5  mg/i.    This  is  equivalent
to   .02  unionized  ammonia  at  a  pH  of  7.5  and  a  temperature  of  680
F'.    While  toxicity  is  extremely  sensitive  to  variations  of  pH
and  temperature,   these  variations  cannot  be  expressed  in  the
water  quality  modeling  process.     This  has  resulted  in  the
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assumption  of  pH  and  temperature  conditions  and  a  maximum
allowable  ammonia  level.     This  level  has  been  accepted  in  the
past  by  the  U.S.   Environmental  Protection  Agency  and  the  State
of  Colorado  as  a  maximum  in-stream  level   (Eel-Toups,   1974) .

Application  of  these  treatment  levels  to  insure  no  violation  of
ln-stream  water  quality  standards,   i.e. ,I.5  mg/I  al[imonia,
results  in  the  specification  of  the  treatment  levels  under
existing  and  future  conditions  as  indicated  by  the  existing  and
projected  rates  of  waste  discharge.    The  treatment  level  require-
ments  necessary  to  meet  in-stream  conditions  with  present  waste
loads  from  municipal  and  industrial  dischargers  are  shown  in
Table  6.3-A.     Iable  6.3-a  shows  the  level  of  treatment  required
in  the  Year  2000  by  municipal  and  industrial  dischargers  to
meet  in-stream  water  quality  standards.

Following  specifications  of  these  treatment  levels,  the  cost  of
this  alternative  was  calculated  over  the  planning  period,  i.e. ,
1977  to  Year  2000,   and  is  presented  in  Table  6.3-C.

6.4      STRATEGY   NO.    2

Strategy  No.   2  would  include  advanced  waste  treatment  for
municipal  and  industrial  discharges  on  the  I.ower  Poudre,   flow
augmentation  on  the  Poudre   (15  cfs)   and  on  the  Big  Thompson   (15
cfs) ,  dreging  of  the  Poudre  and  Thompson  to  expose  substrate
required  for  fish  propagation,  recreational  enhancement,  fish
stocking,  and  stream  engineering  to  provide  fishery  habitat.
F`low  augmentation  will  be  limited  to  the  period  of  April  through
October.     During  the  remainder  of  the  year,   it  is  assumed  that
through  stream  engineering,  adequate  fish  habitat  could  be
maintained  in  the  plains  to  ensure  survival  of  a  variety  of
fish  species.     The  validity  of  this  assumption  has  not  been
field  tested.
Implementation  of  Strategy  No.   2  would  enable  upgrading  of  the
fisheries  to  support  a  wide  variety  of  sport  fish  and  enable
limited  propagation  of  fish  life  in  the  plains  areas.
This  strategy  includes  the  following  provisions:

0

Augmentation  flows  be  provided;

Channel  substrate  be  exposed  and  maintained  through
initial  and  on-going  programs  of  dredging;

In-stream  and  channel  habitat  commensurate  with
requirements  of  a  desirable  sport  fishery  be  created
or  enhancedj



TABLE   6.3-A TREATMENT   LEVELS   NECESSARY   TO   MEET   PRESENT
WATER   QUALITY   STANDARI)S   BY   EXISTING   MAJOR
MUNICIPAL,   AND   INDUSTRIAI.   DISCHARGES

`   BASIN   BISCHARGER

CACHE   LA   POUDRE
Fort  Collins  No.
Fort  Collins  No.
Boxelder   S.   D.
Windsor
Kodak
Greeley-1st.   Ave.

BIG  THormsoN
Estes  Park
Upper  Thompson
Loveland  No.   2
Great  Wester-Loveland
Milliken

LITTLE   THOMPSON
Berthoud
Great  Western-Johnstown

Johnstorm

ST.    VRAIN
Tri-River  S.D.
Erie  Water  and  Sanitation  District

SOUTH   PLATTE
Fort  Lupt6n
Public  Service-Ft.   St.  Vrain
Hill-N-Park
La  Salle
Evans
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TREATRENT   LEVEL
REQUIRERENT

Tertiary
Advanced
Advanced
Tertiary
Tertiary
Tertiary

Secondary
Secondary
Tertiary
Tertiary
Secondary

Secondary
(Cooling  Water

Discharge)
Secondary

Secondary
Advanced

Secondary
(Cooling  Water)
Secondary
Secondary
Secondary



TABLE   6.3-a

BASIN   DISCHARGER

CACHE   LA   POUDRE
Fort  Collins  No.
Fort  Collins  No.
Boxelder   S.D.
Windsor
Kodak
Greeley-1st  Ave.

YEAR   2000   TREATMENT   LEVEL   REQUIREMENTS
NECESSARY   TO   MEET   PRESENT   WATER   QUALITY
STANDARDS   BY  MAJOR  "RTICIPAl,   ANI)   INDUSTRI.AL
DISCHARGES

TREATMENT   LEVEL
REQUIREMENT

BIG   THOMPSON
Estes  Park

Upper  Thompson
Loveland  No.   2
Great  Western-Loveland
Milliken

LITTLE   THOMPSON
Berthoud
Great  Western-Johnstown

Johnstorm

ST . VRAIN
Tri-River  S.D.
Erie  Water  and  Sanitation  District

SOUTH   PLATTE
Fort  Lupton
Public  Service-Fr.   St.   Vrain
Hill-N-Park
La  Salle
Evans
Greeley-Delta

Advanced
Advanced
Advanced
Advanced
Advanced
Closed

Combined  with/
UTSD

Secondary
Advanced
Tertiary
Secondary

Secondary
(Cooling  Wat:er

Discharge)
Secondary

Secondary
Advanced

Secondary
(Cooling  Water)
Secondary
Secondary
Secondary
Advanced
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TABLE   6, 3-C                 PRodECTED   COSTS   -WASTEWATER   TREATMENT
FACILITIES   IMPROVEMENTS    FOR   STRATEGY   NO.    i

Existing  Water  Use  Classifications
and  Standards

us"RErm

FTm.(ngd)

CAP.
AVG.OatCusT(Slooo

PRERT irorm(S|000)
FX2UIV.EN.Crm

1977-2000

2ooo

CusT(S|000) Cap./RE.(c)
Oar

TorEL
DISC- VG. (c) Yr. )  (d) (d)

(SloooYr.)

cACilE  I]A  potDRE  RI\rmFt.Collins#l(e)6.0

6.0 1'900 377 1'900 3'998 5 , 898 557
Ft.cbllins  #2 (e)             7.2 9.0 1'400 518 I,400 5,487 6 , 88 7 650
Boxel.der  s.D. (e)               0. 75 I.0 673 90 673 954 i,627 154.
S.Ft.Oc>llins  S.D.   (e)   I.0 1.4 - Ilo - 1'165 1'165 Ilo
Windsor   (e) i.2 I.7 i,220 74 i,220 789 2'009 190
Eastrun  Kedak  Co. (e) 0.9 i.o 4 , 306 ilo 4 ' 306 I,169 5,475 517
Greeley-lst Ave. (g) 6.0 (h) 2,400 425 2,400 4 , 506 6 , 906 652
Greeley-belta (e) (i) 4.5 11.5 9 ' 576 570 7,000 6,037 13,037 i,231
OunENG AREA   (f) i.22 2.06 I,472 128 1'247 1,527 2 ' 774 262

Stfototal 28. 77 33. 66 22,947 2 ' 402 20 ,146 25,632 45 ' 778 4 ' 323

BIG  THOueson  RIVER

5.34.3 6.i4.3 2 , 320i,050 505109 2 , 320i,050 5 ' 3461,155 7,6662'205 724208
Ioveland  (e)GreatWestern-Ioveland(g)

Johetcrm  (f) 0.31 0.38 105 16 105 170 275 26
hilliken  S.D. (f) 0.34 0.40 410 28 410 297 707 67
OulT,TING zm  (f) i.88 2.87 316 549 316 5 ' 816 6 ' 132 579

SutJtotal 12 . 13 14.05 4,201 1'207 4  201    i2  784     i6,851 i'               ,                 ,604Source:ToupsCorporation,6-L°



TABLE    6. 3-C                  (CONTINUED)

usrl'EN

FTIN(Inod)1977-

Cap.CusT
AVG.OurCusT

PREENI  iroRE(S|000)
EQUIV.EN.

ZrmDISC-
PING. 2000

(?1000)(c) (?1000/Yr.)(d) RE.(c) Oar(d)
TorAI

aeT(S|000/Yr.)

ST.   VIEN  RIVEROUTLYINGAREA(f)

.99 1.2 795 54 713 705 1,418 133

SOUHI  PIIAITE  RIVER.otmyINGjRA(f)TorAli-farimerweld

2.48 3.88 2'002 162 1, 725 i, 711 3' 436 323

44 . 37 52 . 79 29'945 3 , 825 26 ' 785 40 , 832 67,617 6 ' 383

-;i-JIIIIIII\

(a)    Cbsts  in  teHre  of January,  1977,  dollars.    Amunl interest rate  7%.
(b)    Seconchry treatment,  terdary treatlrent,  or ad©ced treatment as

apprapriate to meet  armnia receiving water standard.
(c)    IImediate  cx}nstmction of tertiary or advanced treatment  facilities

assued,  expt when constrmction 'phased  (ereeley-delta) .
(d)    Secondary  0  &  M costs  from  1978  budgets.    For  Greeley  and FL.  Cbllins,

total armul budget apportioned bebuen facilities.   Tertiary and
advaned treatment costs  from National arfussion on Water Quality.

(e)    Advanced  treatment,  i. 5 Ing/i  alTronia effluent  cx}ncrmtration.
(f)    Secondary  treatment.
(g)    Tertiary treatrmt,  3.0 ng/i  altmania effluent concentration.
(h)    Gbeeley-lst Ave.  plant to be  ahadoned prior to  2000.
(i)    although service area is  in Cache  la Poude basin,  discharge is  to

South Platte fiver.

Source:     Toups  Corporation,   March,1978

6-11



00a        Waste  loads  tributary  to  streams  be  reduced  to  levels
which  will  support  long-term  survival  and  perpetation
of  a  desirable  sport  fisheryj
Plains  river  reaches  be  initially  stocked  with  sound
breeding  populations  of  desirable  sport  fish;

Recreational  opportunities  on  main-stream  rivers,
including  access,  be  improved.

The  specific  requirements  associated  with  this  alternative  are
described  below.

6.4.I              F`low  Au

of-the-art

entation  in Plains  River Reaches
A  lack  of  flow  in  volumes  adequate  to  continuously  sustain  the
hydrologic  regime  of  plains  area  rivers  is  a  major  impediment
to  maintenance  of  a  self-propagating,  desirable  fishery  in
reaches  dounstrean  from  canyon  mouths.     The  concept  of  flow
augmentation  addresses  the  problem  of  water  quantity  deficiency.

The  analysis  presented  herein  focus  on  the  following  topics:

o        Definition  of  in-stream  flow  requirementsj

o        Strategies  for  stream flow  maintenance.

6.4.I.I       Definition  of  In-Stream  Flow  Requirements

Methodologies  available  for  evaluating  the  aquatic  habitat  and
determining  in-stream  flows  for  its  preservation  are  oriented
toward  the  biological  components  of  the  aquatic  environment
(Arnette,1976).     These  analycical  procedures  can  be  directed
toward  specific  biological  phenomenon,   such  as  spawning  or
incubation,  or  may  be  directed  toward  the  entire  life  cycle  of
a  species.     A  comprehensive  report  was  recently  sponsored  by
the   U.S.   Fish  and  Wildlife   Servjra  hlhi.^h   a..-1 ..-. i---Li --..'`'       `  -____--_   .,1e  Service  which  evaluates  the  state-__    .,.. __..   `.,I.+wtiL5O    LILt=    =5[ace-of  methodologies  for  determining  stream flow  require-

fish,  wildlife,  water  quality,  recreation,  aesthetics
in-stream  uses.     The  investigation  also  recommends
air.-t\     --A     J=_--_1  _____           .        J.-.      _earch  and  development   (Stalnaker  &  Arnette,   1976)_  __]____..    ` ---- `+    Lt=-uJLLILLt=[lc

lot.r   a+ra+]a-.t^-I.._i__--_      `____.._ ....    u   ri+.JEL-lt=/    JL7/O/  .low  strategies  typically  exhibit  several  generalized
These  include:

ments  for
and  other
needed  res
Instrean  f
features .

0 A  description  of  the  physical  characteristics  of  the
stream  at  various  conditions  of  flowj

An  estimation  of  the  habitat  requirement  of  a  particular
species  of  fishj
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o        An  evaluation  of  the  manner  in  which  physical  para-
meters  satisfy  the  requirements  of  the  species.

6.4.I.Ia    Tennant  or  Montana  Method

Certain  methodologies  rely  on  historic  records  of  flow  to
clef ine  the  discharge  required  to  maintain  aquatic  habitat  and
related  plant  and  animal  life.    Available  flow  data  is  correlated
to  needs  of  an  aquatic  system.     One  of  these  procedures,  the
Tennant  or  Montana  Method,   has  received  widespread  use   (Tennant,
1975) .    Evaluation  of  aquatic  habitat  is  based  upon  generalized
empirical  relationships  observed  to  exist  betweeen  f lows  and
quality  of  a  stream  ecosystem.     These  empirical  relationships
as  defined  by  the  Tennant  method  are  presented  in  Table  6.4-1-
A.

TABLE   6.4.i-A.    TENNANT   OR  MONTANA   METHOD

NARRATIVE   DESCRIPTION RECOMMENDED   BASE   FLOW   REGIRES
OF   FLOWS OCT.   -RAR. APR.   -   SEPT.

Flushing  or  Maximum 2%-0%   of   the average  flow
Optimum  Range 60%-100%   of  the   average   flow
Outstanding 40% 60%
Excellent 30% 50%
GOod 20% 40%
Fair  or  Degrading 10% 30%
Poor  or  Minimum 10% 10%
Severe  Degradation 10%  of  average flow  to  zero  flow

The  method  provides  a  relatively  unsophisticated  means  of
calculating  "order  of  magnitude"   flows  which  would  result  in
various  generalized  conditions  of  an  aquatic  environment.

A  base  flow  condition  of  sixty  percent  of  mean  annual  flow  is
recommended  to  provide excellent  to  outstandin
most  aquatic  life  forms  dur |ng  primary  per

habitat  for
s  of  growth

Excellent  aquatic  habitat  will  be  provided  by  resulting  channel
widths,   depths,   and  velocities   (Tennant,1975).     Shallow  riffle
and  shoal  areas,  as  well  as  most  normal  channel  substrate,  will
be  covered  with  water.    Channel  tributaries  that  typically
convey  water  will  exhibit  satisfactory  flows.     Few  gravel  bars
will  be  exposed.    Wildlife  nesting,  denning,  nursery,  and
refuge  habitat  will  be  provided  in  the  riparian  environment.

Most  streambank  areas  will  serve  as  safe  denning  areas  for
wildlife   (providing  land  use  does  not  encroach  to  the  stream
bank)   and  will  provide  fish  cover.     Excellent  feeding  and
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33£E_:9P!_iti8n  necessary  to  sustain_:--;i5;E=:e:in

nursery  habitat  for  fish  will  be  maintained  because  most  pools,
runs,  and  riffles  will  be  adequately  covered  with  water.    Fish
migration  will  not  be  obstructed  in  riffle  areas.    No  stream
reach  is  anticipated  to  be  limited  by  water  temperature.
Presence  of  invertebrate  life  will  be  varied  and  abundant.

Base  flow  at  thirty  percent  of  mean  annual  flow  is  recormended

t3e:::::in|#.su;::fa:h:a:i::5tf::g:s5e:!u::::'|:::|f:wrms
riffle  and  shoal  areas,  the  majority  of  substrate  will  be
inundated.     Some  water  will  be  evident  in  most  stream  tributaries.
Gravel  bars  will  be  partially  covered.    Most  pools  and  many
runs  will  exhibit  depths  that  will  maintain  fish  cover.    Riparian
vegetation  will  not  lack  water.    Iiarge  fish  will  be  able  to
migrate  through  most  riffle  areas.    Water  temperatures  will  not
be  a  limiting  factor  in  most  stream  reaches.    Although  inverte-
brate  life  will  be  reduced,  the  occurrence  should  not  limit
fish  production.

ten  percent  of  mean  annual  flow  is  considered  a  minimum  or
r\^^r   I,--Ail,,-_   ____ ________  ..___ ..... z    Lv   O|LaiaL[i  a   s[iorc-cerm  survival
aHronment  for  most  aquatic  life   (Tennant,1975).    the  aquatic
habitat  Will  be  dearaded   hu   +ha   ei~hic -.--- iL   -_I ---..---'    ---- '  --.. `+   (l`|uC]LLunaolcac  will  be  degraded  by  the  significant  reduction  in  channel
widths,  depths,  and  velocities.     Generally,  about  one-half  of
the  stream  substrate  or  wetted  perimeter  will  be  exposed.
Exposure  could  be  greater  in  wide,   shallow  riffle  or  shoal
areas.     Tributaries  will  exhibit  no  or  extremely  low  flows.
Most  gravel  bars  will  be  uncovered  except  for  narrow  bands.
Streambank  cover  will  be  impaired  for  fish  and  wildlife  habitat.
Fish  will  generally  migrate  to  the  deepest  pools  due  to  shallow
flow  throughout  most  wetted  areas.    Riffle  areas  will  obstruct
travel  of  large  fish.    A  severe  reduction  of  invertebrate  life
will  occur.     Temperacure  of  water  may  be  a  limiting  factor.
This  is  especially  likely  during  s-er  in  downstream  reaches
of  a  stream.

6.4.I.1b    Additional  Methods

Other  procedures  for  evaluating  in-stream  habitat  relate  to
measured  hydraulic  parameters,  including  velocity,  depth  and
width  at  various  flows  to  availability  of  specific  aquatic
habitat  at  that  flow.    Such  methodologies  attempt  to  predict
flows  nece§§ary  for  a  desired  level  of  habitat  retention  by
means  of  the  hydraulic  parameter/flow  relationhip.

The  foregoing  methodologies,  when  not  extended  beyond  their
original  design,  provide  an  adequate  means  of  a§sessing  flows
(Arnette,   1976) .    There  are  important  additional  areas  that
must  be  more  specifically  dealt  with.     These  include:
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a        Evaluating  the  range  of  ef fects  that  result  from
incremental  augmentations  or  reduction  of  f low  in  a
stream  channelj

0Assessing  the  cumulative,   long-range  ecological

ef fects  of  permanent  increases  or  decreases  in  flow;

Determining  the  total  impact  of  altered  f low  on  an
aquatic  system.

The  U.S.   Fish  and  Wildlife  Service  is  implementing  a  program
directed  toward  formulating  a  methodology  capable  of  addressing
the  complex  ecrological  ef fects  of  manipulated  streamf low.     The
agency  has  assembled  a  Cooperative  Instream  Flow  Service  Group
as  a  satellite  of  the  agency's  Western  Energy  and  Land  Use  Team
in  Fort  Collins,  Colorado.     The  Service  Group  is  composed  of
individuals  with  a  variety  of  organizational  and  disciplinary
backgrounds.     The  biological  and  decision-making  components  of
instream  f low  requirements  are  being  addressed  in  a  coordinated
program  of  research,  development  and  implementation.     Procedures
have  presently  been  developed  that  establish  water  quality
standards  for  depth,  velocity,  substrate  and  temperature.

Methodology  was  prepared  which  permits  direct  determination  of
impacts  upon  target  fish  species  selected  for  analysis  under
proposed  water  quality  and/or  water  quantity  management  strate-
gies.     A  manual  has  been  assembled  which  provides  an  analyst  a
means  by  which  to  evaluate  many  of  the  unknowns  associated  with
distribution  and  condition  of  aquatic  habitat  and  stream flow.

The  Service  Group  technology  considers  a  wide  variety  of  biolo-
gical  and  physical  parameters.    Fish  exhibit  five  life  stages:
spawning,   egg,   fry,   juvenile  and  adult.     Changes  in  a  stream
environment  may  disrupt  any  or  all  of  these  life  stages.
Principal  considerations  are  related  to  alterations  in  water
depth,  current  velocity  and  temperature.

The  ef feet  of  changes  in  critical  parameters  on  each  of  the
life  Stages  are  computed  from  curves  incorporated  in  the  metho-
dology.     Curves  are  weighted  and  illustrate  the  optimum  condition,
as  well  as  upper  and  lower  limits,   for  species  survival  and
growth   (Instream  Flow  Group,1977).     The  average  standing  crop
of  a  species  is  established  for  each  representative  stream
reach.     Survival  and  electivity   (behavior)   curves  are  used  to
interpret  effects  of  changes  in  velocity,  depth  and  temperature.
Possible  changes  in  fish  populations  in  various  stream  reaches
are  then  determined  using  the  appropriate  curves.

The  methodology  developed  by  the  Service  Group  enables  an
analyst  to  identify  critical  fish  life  history  stages  as  well
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as  critical  times  of  the  year  that  have  the  greatest  impact  on
the  instream  fishery.    The  method  also  permits  definition  of
the  type  of  fishery  and  the  standing  crop  achievable  by  implemen-
tation  of  managenent  options.    This  is  derived  by  quantifying
stream flow  requirements  necessary  to  support  the  desired  type
of  fishery   (Stalnaker,1977).     To  date,   the  Instrean  Flow
Service  Group  methodology  has  not  been  applied  to  any  species
in  Larimer-Weld  streams.

6.4.i.Ic     Recommended  Instrealt`  Flows

The  Colorado  Division  of  Wildlife  has  been  consulted  in  an
ef fort  to  determine  minimum  low  flow  requirements  for  the
purpose  of  sustaining  a  fishery  in  th'e  streams  of  IIarimer  and
Weld  Counties.     The  Division  has  developed  data  only  on  streams
that  support  a  cold  water  fishery  or  that  have  the  potential  to
do  so.     The  Division's  definition  of  a  cold  water  fishery  i§
one  which  will  support  trout.     The  Division  has  not  developed
criteria  for  determining  low  f low  survival  conditions  in  warm
water  streams.

The  Division  of  Wildlife  has  developed  recommendations  for  in-
stream  flow  based  on  the  Pennant  method   (Kochman,   1977) .
Features  corresponding  to  various  criteria  are  stmarized  in
the  following  narrative.     The  Division  does  not  use  the  term"minimum  flow",  maintaining  the  term  is  meaningless.     Flow
rates  are  based  on  biological  and  hydrological  factors  sustained
annually  or  in  Sequential  monthly  increments  that  permit  develop-
ment  of  specific  instream  conditions.

0

Optimum  Instream  Flow:

This  magnitude  of  flow  will  allow  optimum  development
of  aquatic  habitat,  related  fish  production,  and
recreational  use.    An  optimum  flow  condition  requires
that  peaks  be  reduced  and  low  flows  be  increased.
This  stabilized  situation  is  generally  only  attainable
below  dams,  where  flow  is  controlled.

Required  Instream  Flow:

This  level  of  maintenance  is  the  basic  objective  of
the  Division  of  Wildlife.     Required  flows  will  support
the  existing  condition  of  aquatic  habitat,  associated
rate  of  fish  production  and  corresponding  levels  of
recreational  use,  or  will  restore  the  stream  environ-
ment  to  "reasonabl=Tr  levels.
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Degrading  Instream  Flow:

This  rate  of  flow  will  result  in  degradation  of
existing  or  reasonable  established  conditions  of
aquatic  habitat,  including  fish  production  rates  and
associated  recreational  use.     Degraded  instream  flow
can  be  considered  a  survival  condition.

Stream flow  conditions  identified  by  the  Colorado  Division  of
Wildlife  as  necessary  to  sustain  cold  water  fisheries  in  the
main-stem  Cache  la  Poudre  and  Big  Thompson  Rivers  are  itemized
in  Table  6.4.I-8.

TABLE   6.4.1-8.      MINIMUM   FLOWS   -COLD   WATER   FISHERY

FI SH              SEASONAL
RIVER                                     CONDITION        FLOW    (cfs)                              RIVER   REACH

Cache la  Poudre

Big  Thompson

May       Oct.
Sept.  April

Required            65          30

Survival         10-15   10-15

Headwaters  to  Fort
Collins  municipal
intake
Downstream  from
Greeley  municipal
intake

Apr.        Oct.
Sept.     March

Degrading       38         10-15         Below  site  of  Loveland
power  plant

6. 4.1.2       Strategies  for  Stream flow  Maintenance

Maintaining  a  live  stream  condition  in  the  rivers  of  the  region
involves  supplying  f lows  through  reaches  that  presently  are
subject  to  seasonal  depletion.     There  exist  a  number  of  concep-
tual  strategies  by  which  stream flow  can  possibly  be  maintained.
Among  these  are  included  the  following  options:

More  efficient  use  of  irrigation  water;
Increased  upstream  reservoir  storage  capacity;
Water  exchanges ;
Scheduling  of  diversions  to  optimize  instream  flow;
Purchase  of  water  rights  for  flow  augmentation;
Winter  reservoir  storage  release.
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Features  of  these  alternative  options  are  discussed  in  the
sections  which  follow.

6.4.I.2a    More  Efficient  Use  of  Irrigation  Water

Irrigation  is  the  practice  of  applying  water  to  land  for  the
purpose  of  elininating  moisture  clef iciency  as  a  limiting  factor
of  crop  production.    The  need  for  irrigation  is  particularly
pronounced  in  an  arid  region  such  as  Iiarimer-Weld,  where  growingseason  rainfall  often  does  not  occur  at  the  proper  time  or  in
sufficient  quantities  to  satisfy  the  requirements  of  various
crops.    Features  of  an  irrigation  system  consist  of  a  developed
water  supply  source,   a  conveyance  systen  to  the  farm,  on-farm
distribution  and  application  facilities,  means  of  wastewater
disposal,   and  a  management  Structure  capable  of  ensuring  effec-
tive  system  operation.     Each  of  the  foregoing  system  components
is  amenable  to  physical  or  managerial  improvements  that  will
enable  total  overall  system  performance  to  approach  optimal
levels  of  water  use  efficiency.     Improvement  in  irrigation
efficiency  in  the  region  can  be  accomplished  by  several  methods:

Canal  and  lateral  lining;
Highly  efficient  application  methods;
Tailwater  recovery;
Irrigation  water  management.

o         Canal  I.ining

I.ining  of  canals  and  laterals  not  only  eliminates  channel
seepage,  it  also  curtails  evapotranspiration  losses  associated
with  vegetation  in  and  along  unlined  irrigation  water  convey-
ance  facilities.
Canal  lining  is  expensive.     Cost  estimate§`are  presented  in
I._ .I_.  _ __ _, ___     ,I,I -,,--Interim  WQMP  Report  No.

::::ga:::A±a

a

26,   Best  Management
thei==imer-Weld  Ri

Practices  for
The  range  of

Farm  ditches:     $3.00  -$3.60  per  linear  foot
($15,800   -$19,000   per  mile)

Laterals:              $20.00  per  linear  foot
(S105,000   per  mile)

Major  ditches:   Up  to  $500,000  per  mile

More  Ef f icient  Application  Methods

The  amount  of  irrigation  water  necessary  to  ensure  satisfaction
of  crop  consumptive  use  requirements  can  be  reduced  by  employing
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efficient  application  methods.    Sprinkler  irrigation  represents
an  option  in  the  two-county  area.    The  application  rate  can  be
regulated  to  closely  approximate  the  consumptive  irrigation
requirement  of  the  crop  plus  the  desired  leaching  fraction  to
carry  harmful  salts  away  from  the  crop  rootzone.    This  applica-
tion  method  is  generally  superior  to  flood  or  furrow  irrigation
systems  because  water  application  can  be  closely  regulated  to
rates  commensurate  with  crop  and  leaching  requirements.

Capital  cost  of  sprinkler  systems  is  approximately  $430  per
acre  irrigated.    This  price  includes  a  center  pivot  system,
electric  system  to  the  facility,  and  pipeline  to  the  structure.
It  does  not  consider  cost  of  power,  well  installation  or  pumps.

o         Tailwater  Recovery

The  two  basic  methods  of  tailwater  recovery  include  downslope
transfer  systems  and  pumpback  systems.     In  downslope  transfer,
runof f  from  one  field  discharges  by  gravity  to  a  field  of  lower
elevation.    This  runoff  is  diluted  with  an  alternate  irrigation
supply  and  the  blend  is  used  to  irrigate  the  lower  field.    The
method  of  downslope  transfer  is  satisfactory  provided  that
irrigation  timing  can  be  regulated  effectively,  that  more  than
one  field  is  owned  by  the  farmer,  and  that  topographic  constraints
allow  the  method  to  be  implemented.

In  a  tailwater  pumpback  system,  runoff  is  collected  in  a  ditch
at  the  lower  end  of  a  field  and  conveyed  to  a  sump.     Pumping
facilities  in  the  sump  reintroduce  tailwater  to  the  head  ditch
for  recycling.     The  pumpback  system  can  completely  eliminate
surface  runoff .    Conservation  of  irrigation  water  can  be  signi-
ficant.     In  contrast  to  the  downslope  transfer  method,  the
tailwater  pumpback  system  can  be  ef fectively  employed  on  the
most-downslope  field.

o         Irrigation  Water  Management

Irrigation  water  management  involves  timing  and  regulating
water  applications  at  rates  that  can  be  held  in  the  soil  to
satisfy  crop  water  requirements  without  inducing  runoff ,  exces-
sive  percolation,   or  erosion.     Water  management  is  based  on
sound  agricultural  experience  and  knowledge,  oriented  toward
conserving  irrigation  water  and  soil  resources.

With  any  application  method,   an  overriding  factor  which  influences
field  application  ef ficiency  is  the  skill  of  the  irrigator  and
the  interest  such  an  individual  exercises  in  employing  acquired
skills  in  practicing  good  water  management.    A  high  application
ef ficiency  will  not  be  achieved  unless  an  irrigator  applies
water  according  to  crop  requirements  at  rates  commensurate  with
soil  intake  ability.
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o        I.egal  Implications

During  the  irrigation  season,  seepage  and  tributary  inflow
(returns)   represent  a  significant  source  of  recharge  to  the
surface  water  system  of  the  region.    Municipal  and  industrial
discharges   Contribute  relafivf>1u  mir`^-in£1^ ----       Ill-I -.--.-------- Ir ---.. `-   +..`+`*o I.LLaLcontribute  relatively  minor  inflows.     Table  6.4.I-C

data  representative  of  the  magnitude  of  the  foregoing

TABLE   6.4.i-C.       INFLOW  OF   SEEPAGE   AND   RETURNS    (a)

summarizes
accretions .

tream River
Miles

ache  la  Poudre              50

ig  Thompson                      30

ittle  Thompson             25

t.  Vrain

Outh  Platte

Seepage
cfs/mile

3+

i-I/2
I-I/2

4+

Less  than
2-I/2

Tributary
Inflow

(Returns)
cfs/mile

Municipal/
Industrial
Discharges
cfs/mile

Less  Than  I

I/5
Negligible

I/4
Negligible

(a)     Within  plains  reaches  of  Iiarimer-Weld  regional  streams
during  irrigation  season.

In  many  areas  of  the  I,arimer-Weld  Region,   irrigators  depend
wholly  or  in  part  on  agricultural  returns,  regardless  of  quality,
for  their  supply  source.    A  serious  legal  consideration  arises
if  elimination  or  diminishing  of  returns  impairs  water  rights
of  downstream  users.     Court  cases  have  already  been  initiated
by  various  irrigators  in  the  Cache  la  Poudre  drainage  who  claim
damaged  water  rights  resulting  from  reduction  in  returns  by
upstream  irrigators.

It  should  be  emphasized  that  existing  water  application  rates
in  the  region  are  not  generally  excessive.     Per  acre  water  use
by  irrigated  agriculture  in  the  Poudre  basin  is  on  the  order  of
3  acre-feet  diverted  at  the  canal  headgate  and  2  acre-feet  at
the   farm   (Neutze,   1977) .
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o        Priority  system

The  strategy  of  improving  on-farm  water  use  ef ficiency  in  order
to  increase  main-stem  river  flows  by  reducing  diversion  require-
ments  does  not  appear  to  have  practical  applicability  to  surface
water  systems  in  the  region  because  of  the  priority  system  of
Colorado  water  law  and  the  over-appropriated  status  of  surface
waters.    Available  flows  not  called  for  by  a  senior  appropriator
are  available  for  use  by  the  most  junior  priority.    Diversion
point  of  the  junior  ditch  may  be  above  or  below  the  headgate  ofthe  senior  divertor.    If  the  juni6EirgHE I=Tgstream,  benefit
to  main-stem  hydrology  will  be  even  less  than  if  the  senior
appropriator  did  not  implement  improved  water  conservation
practices .
Should  additional  supplies  become  available  through  increased
water  use  efficiency,  it  is  likely  that  new  acreage  would  be
put  to  irrigation  under  existing  ditch  systems,  rather  than  be
left  in  the  stream.

6.4.i.2b     Increased  Upstream  Reservoir  Storage  Capacity

In  Larimer  and  Weld  Counties,   reservoirs  with  the  earliest  and
best  water  rights  are  located  in  the  plains  area.    Mountain
reservoirs  typically  possess  relatively  poor  rights.    According
to  Colorado  water  law,  the  premise  of  storing  water  out  of
priority  is  acceptable.    High  mountain  reservoirs  possessing
low  priorities  can  therefore  be  filled  early  in  the  season.    A
strategy  for  streamf low  maintenance  involves  storing  water
designated  for  downstream  reservoirs  with  high  priority  water
rights  in  mountain  reservoirs  with  low  decrees.    Flows  could  be
gradually  released  in  the  summer,  thus  maintaining  a  live
stream  condition  to  the  downstream  reservoir  inlet.    Releases
would  be  continued  until  the  volume  of  reservoir  decree  was
eventually  satisfied.    Rights  of  many  plains  reservoirs  are
such  that  flow  could  continue  well  into  the  summer.     It  should
be  noted  that  this  strategy  for  stream  maintenance  was  implemented
to  an  extent  in  the  Cache  la  Poudre  River  system  during  1976.
Windsor,   Fossil  Creek,   and  Timnath  Reservoirs  were  downstream
storage  facilities  involved  in  the  management  exercise.    These
impoundments  possess  very  good  decrees.     Mountain  reservoir
storage  was  provided  by  Longdraw  Reservoir.

One  strategy  which  represents  a  very  promising  method  of  keeping
water  in  the  stream  system  involves  aggregating  the  decrees
held  by  the  small,  high  priority  reservoirs  in  the  downstream
end  of  the  Poudre  basin  to  form  a  new,  very  large  reservoir
upstream.     The  proposed  Grey  Rocks  Reservoir  at  the  confluence
of  the  North  Fork  and  main-stem  Cache  la  Poudre  has  potential
in  this  regard.     Presence  of  this  impoundment  in  the  upstream
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end  of  the  Poudre  system  would  provide  a  great  deal  of  flexibility
in  regulating  supplies  to  sustain  f lows  in  the  river  for  f ish
maintenance.     Under  a  system  incorporating  the  proposed  new
reservoir,  continuous  flow  could  be  maintained  dounstrean  to
Whitney  Ditch  near  Windsor   (Neutze,1976).     Creation  of  additional
large  reservoirs  in  the  upper  end  of  the  Poudre  is  also  economi-
cally  attractive  because  downstream  facilities  have  lost  a
great  deal  of  capacity  during  the  last  century  due  to  siltation.
The  City  of  Fort  Collins  is  presently  in  the  process  of  con-
structing  Joe  Wright  Reservoir  on  Joe  Wright  Creek,  a  tributary
of  the  Cache  la  Poudre  rising  at  the  Continental  Divide  in
Larimer  County.    The  new  facility  will  replace  an  existing
smaller,  outdated  structure.    Total  reservoir  capacity  will  be
7,840  acre-feet,   a  volume  which  includes  a  conservation  pool  of
10  percent.    Firm  yield  of  the  project  is  considered  to  be
6,360   acre-feet   (Liquin,1977).

Construction  of  the  reservoir  was  initiated  in  June  of  1977.
The  facility  will  be  operable  by  November,   1978.     Total  project
cost  is  on  the  order  of  $6.3  million.

Reservoir  management  during  the  first  year  of  operation  involves
releasing  5,000  acre-feet  for  agricultural  use  and  I,350  acre-
feet  for  municipal  and  industrial  use  in  Fort  Collins.    For  the
second  through  twentieth  year  period,  the  release  schedule  will
be  adjusted  to  supply  agriculture  and  the  city  4,800  and  I,550
acre-feet,   respectively   (I.iquin,1977).

Agricultural  water  supplies  will  be  made  available  to  ditch
companies  on  a  lease  basis.     The  main-stem  Poudre  River  will
serve  to  convey  flows  to  points  of  delivery  at  canal  headgates.
The  downstream  extent  to  which  in-stream  flow  is  maintained  in
the  Poudre  by  Joe  Wright  releases  will  depend  on  the  diversion
locations  of  ditches  participating  in  the  water  rental  program.

Should
Wright
Otherwi
vO i r s .
the  Cit
Interes
Storage
capacit

se  would  be  impounded  in  dounstream  company-owned  reser-_     _ ___-I _.-I     '' --+~ -,,, I+ |

Agriculture  water  suppliers  have  expressed  a  desire  to
y  of  Fort  Collins  to  perfect  such  an  arrangement.
L     1  -_._-i ___  ,       ,    1           -.--

a  mutually  beneficial  agreement  be  formulated,  Joe
Reservoir  could  serve  to  store  ditch  company  water  that
--    ~ ,--- 1  I    1  _     _.

t  is  motivated  by  detariorating  condition  or  loss  of__ ___     __-    __-_--I+~,,,\~ ,,,,

capacity  exhibited  by  many  plains  reservoirs.    Obtaining
LJ    ill    `T^,a   t»,i,-L+,    tl---_--_J!_    ____I,--     ______    _____'---'J'       `,I,LqLJILJJ\Jy  in  Joe  Wright  Reserhoir  could  represent  a  less  expensive
+i,,Ja    + --,- I,,~-___JL_.___     ___   ,      ,   ,

---------- |r-`--+` -..-   I+   -t=o-t=JLtJt=Ji=jLvealternative  to  rejuJenating  existing  facilities.    Warren  Lake,
Windsor  Reservoir,   or  any  other  downstream  impoundment  could  be
potentially  affected  should  the  high  mountain  storage  option
prove  to  be  a  desirable  and  implementable  management  strategy.
Main-stem  Poudre  flows  would  be  sustained  by  Joe  Wright  Reservoir
releases  throughout  the  river  reach  upstream  from  participating
ditch  headgates.
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It  is  anticipated  that  general  irrigation  season  operational
strategy  for  Joe  Wright  Reservoir  will  prescribe  release  of
water  in  relatively  low  volume  for  short  duration  rather  than
discharge  a  continuous  low  flow  over  long  periods   (Liquin,
1977) .    Flows  would  be  utilized  directly  by  ditch  companies  or
impounded  in  reservoirs  for  delayed  usage.    The  City  of  Fort
Collins  occasionally  draws  from  the  Cache  la  Poudre  River  out
of  priority.    The  City  will  very  likely  authorize  storage
releases  at  times  when  it  has  accumulated  a  debt  to  the  river
of  i,000  acre-feet  or  so.     Constraints  imposed  by  the  Joe
Wright  Reservoir  permit  limit  regulated  releases  to  a  maximum
of  300  cfs.    A  i,000  acre-foot  debt  would  typically  be  repaid
by  a  discharge  of  100  cfs  for  5  days,  or  other  comparable  rate-
duration  relationships.

Because  of  naturally  occurring  low  flow  winter  conditions  in
Poudre  Canyon,  water  may  not  be  available  in  quantities  suffi-
cient  to  satisfy  the  municipal  diversions  of  Fort  Collins  and
Greeley.     In  the  past,  these  cities  have  elected  to  augment
river  flow  with  releases  from  their  high  mountain  reservoirs.
Recent  augmentation  took  place  from  December,1976,   to  the  time
of  spring  snowmelt  in  1977.     Joe  Wright  Reservoir  will  very
likely  be  operated  in  a  similar  manner,   should  low  winter  flows
in  the  Cache  la  Poudre  warrant  it.

The  possibility  of  using  Joe  Wright  Reservoir  flows  to  sustain
survival  f lows  in  the  Poudre  downstream  from  the  canyon  mouth
should  not  be  discounted.     Such  a  program  would  entail  convey-
ance  of  flows  throughout  a  prescribed  river  reach,  and  subse-
quent  collection  of  water  in  downstream  storage  facilities.
The  City  of  Fort  Collins  would  receive  credit  for  the  volume  of
released  flow  in  the  following  year.     Program  implementation
has  inherent  problems.    Water  rights  downstream  of  Fort  Collin§
may  not  be  suf f icient  to  reimburse  the  city  for  its  water
delivery.    Investigation  of  the  feasibility  of  this  alternative
and  its  actual  beneficial  effects  will  require  extensive  analysis.

6.4.I.2c     Water  Exchanges

Satisfaction  of  diversion  priorities  in  the  Cache  la  Poudre
River  system,   and  to  a  minor  extent  in  that  of  the  Big  Thompson,
are  presently  met  by  a  system  of  management  and  exchange  of
water  rather  than  on  a  priority  basis.    In  the  Poudre  district,
this  arrangement  applies  only  to  members  of  the  Cache  la  Poudre
Water  User's  Association.     Priorities  are  often  met  by  release
of  water  from  storage.     It  is  understood  that  should  a  subse-
quent  year  be  one  of  less  than  average  runof f  and  reservoirs
remain  unfilled,  the  diverter  will  owe  waters  to  the  storage
Company .
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To  satisfy  the  water  rights  of  senior  diverters,  the  present
system  of  exchange  may  dry  up  native  river  flow  in  the  reach
between  an  upstream  point  of  diversion  and  a  downstream  point
where  the  exchanged  water  is  reintroduced  to  the  stream  from
storage.     Recharge  to  the  river  in  the  affected  reach  may  be  in
the  form  of  irrigation  returns,  discharges,  and  seepage.

Augmenting  river  flows  by  exchange  could  prove  feasible  through
use  of  water  intended  for  power  plant  cooling.     The  Platte
River  Power  Authority   (PRPA)   has  proposed  construction  of  a
coal-fired  electric  generating  facility  on  a  site  approximately
10  miles  north  of  Wellington  in  I.arimer  County.     Strategies  for
conveying  cooling  water  to  the  PRPA  Rawhide  power  plant  location
are  conceptual  in  nature  at  this  time.    Source  water  is  antici-
pated  to  come  from  the  western  slope,  delivered  through  facilities
of  the  proposed  Windy  Gap  and  existing  Colorado-Big  Thompson
Projects.     This  water  is  expected  to  be  used  directly,  by
exchange,  or  by  a  combination  thereof .     PRPA  has  a  I/3  interest
in  the  Windy  Gap  Project.     Source  water  for  use  or  exchange
would  be  delivered  to  Horsetooth  Reservoir.

Preliminary  alternatives  for  supplying  the  PRPA  Rawhide  plant

i:::±¥:±g:a¥::ys:3:::¥:::ep¥p¥::e:otE;:ug±a£€t:±t::mpany
The  initial  230  megawatt  unit  planned  for  construction  in  about
1984-85  will  require  an  on-site  cooling  reservoir  with  a  surface
area  of  approximately  400  acres   (Hollenbeck,1977).     Capacity
of  the  impoundment  is  preliminarily  judged  to  be  on  the  order
of  9,000  acre-feet.     This  reservoir  would  allow  proper  cooling
of  water  as  well  as  provide  operating  flexibility  to  meet
contingencies  in  supply  conditions  that  might  develop.
A  closed  cooling  water  system  is  proposed  for  the  PRPA  plant.
Reconnaissance  engineering  evaluation  indicates  that  the  230
megawatt  unit  will  need  an  annual  make-up  water  supply  of  about
5,000  acre-feet.     Precise  determination  will  be  possible  only
when  the  recommended  strategy  for  water  supply  and  conveyance
is  developed.    This  is  attributable  to  unknowns  associated  with
water  quality  and  transportation/reservoir  losses.

Expansion  of  the  Rawhide  power  plant  is  anticipated  to  occur  at
intervals  spaced  approximately  10  years  apart.     Generation
capability  of  500  megawatts  would  be  available  in  about  1994.
Final  expansion  to  750  megawatts,   should  it  occur,  would  take
place  in  about  the  year  2004.     Cooling  water  make-up  for  the
750  megawatt  plant  would  require  a  supply  of  approximately
12,000  acre-feet  annually.
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PRPA  would  like  to  implement  a  cooling  water  supply  strategy
that  would  be  mutually  beneficial  to  the  utility  and  the  respec-
tive  ditch  company  or  companies  involved  in  water  delivery.
The  seasonal  nature  of  water  supply  and  irrigational  use  in  the
region  open  up  possibilities  for  off-season  PRPA  use  of  ditch
company  storage  reservoirs.     Such  an  arrangement  would  maintain
the  size  of  the  on-site  PRPA  reservoir  at ,a  level  sufficient  to
dissipate  heat  and  provide  for  contingencies  only.    Winter
usage  of  ditch  company  supplies  by  PRPA  would  be  replaced  on  an
exchange  basis  by  delivery  of  Windy  Gap  water  through  Horsetooth
Reservoir  during  the  irrigation  season.

Because  the  PRPA  cooling  water  supply  strategy  is  presently  at
the  preliminary  planning  stage,  opportunity  exists  for  the
Colorado  Division  of  Wildlife  or  other  interested  agencies  or
entities  to  approach  the  utility  for  the  purpose  of  mutually
examining  conceptual  supply  alternatives.    The  potential  exists
for  transporting  PRPA  f lows  in  a  manner  that  would  augment
flows  in  various  reaches  of  the  main-stem  Cache  la  Poudre
River .

The  release  of  PRPA  make-up  water  to  the  main-stem,   corres-
ponding  to  5,000  acre-feet  per  year  for  the  initial  230  megawatt
unit,  would  result  in  maintaining  survival  flows  at  about  17
cfs  during  the  irrigation  season.    Stream  losses  charged  on
storage  discharges  represent  approximately  five  to  ten  percent
of  the  released  total   (Harrison,1976).     I]ence,   an  additional
quantity  of  water  on  the  order  of  250  to  500  acre-feet  will  be
needed  to  replenish  the  PRPA  cooling  water  requirement.     Based
on  an  acre-foot  market  value  of  about  $1,300,   for  C-BT  project
water,   and  assuming  a  delivery  quota  of  60%,   this  represents  an
expenditure  of   $542,000   to  Sl,083,000.

The  most  practical  and  economical  means  of  conveying  cooling
water  supplies  to  the  proposed  PRPA  plant  involve  utilizing
existing  gravity  flow  facilities  to  the  fullest  extent  possible.
As  indicated  previously,  topographic  location  of  the  plant  will
necessitate  that  water  be  pumped  through  the  final  reach  of  the
delivery  system.

Facilities  of  the  North  Poudre  Irrigation  Company  represent  a
conveyance  system  which  would  provide  an  optimal  gravity  f low
condition.     Source  water  would  be  Cache  la  Poudre  River  flow,
used  by  exchange  for  Windy  Gap  water  discharged  through  the
Hansen  Supply  Canal.     Problems  may  be  encountered  with  adequate
volumes  of  river  flow  available  for  exchange.     Should  an  arrange-
ment  with  North  Poudre  Irrigation  Company  be  implementable,
f lows  could  be  diverted  by  North  Poudre  Supply  Canal   (Monroe
Gravity  Canal) ,   conveyed  to  North  Poudre  Ditch,   and  discharged
to  Clark  Lake  or  Indian  Creek  Reservoir.     Stored  water  would
then  be  pumped  to  a  reservoir  located  at  the  PRPA  plant  site.
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Diversion  and  conveyance  of  flows  in  facilities  of  the  Water
Supply  and  Storage  Company  is  an  alternative  to  the  North
Poudre  Supply  Canal  strategy  that  would  augment  f low  in  the
main-stem  Poudre  River.     Utilizing  the  IIarimer  County  Canal  as
a  point  of  diversion  would  serve  to  sustain  river  f low  in  a
reach  of  the  Poudre  7  miles  below  the  North  Poudre  Supply  Canal
heaagate  or  I.8  miles  below  the  Hansen  Supply  Canal,  depending
upon  whether  exchanged  native  river  flow  or  Windy  Gap  Project
water  i§  used  as  the  supply  source  for  powerplant  cooling.
Rocky  Ridge  Lake  Reservoir  No.   1  could  serve  as  the  northerly
terminus  point  on  the  Water  Supply  and  Storage  Company  system.
Transmission  to  the  PRPA  plant  site  would  then  be  accomplished
by  a  system  of  pumps  and  pipelines.

Flows  intended  for  use  by  PRPA  could  be  introduced  and/or  kept
in  the  channel  of  the  Poudre  to  a  location  immediately  upstream
from  Fort  Collins  WWTP  No.   I.     This  point  represents  a  down-
stream  limit  to  the  section  of  the  river  classified  as  a  cold
water  fishery.    This  flow  augmentation  strategy  would  require
that  water  be  conveyed  to  the  PRPA  plant  site  exclusively  by
pumping.     Acquisition  of  PRPA  water  adjacent  to  the  wastewater
treatment  plant  would  probably  not  permit  any  portion  of  cooling
water  transmission  outside  the  main-stem  to  be  accomplished  by
gravity  flow.
The  use  of  PRPA  f lows  to  augment  available  river  flow  would
very  likely  only  be  practical  during  the  warmer  portion  of  the
year.     Operation  would  be  generally  limited  to  the  five-month
period  May  through  September  when  delivery  components  of  the  C-
BT  Project  are  normally  in  use.     Winter  conditions  of  low  flow
in  the  Poudre  would  severely  restrict  the  use  of  river  water.
for  cooling  purposes.     Some  type  of  exchange-storage  program
could  possibly  be  formulated;   however,  volume  of  winter  flow
involved  would  probably  be  relatively  small.    Considering  the
annual  volume  of  make-up  water  required  at  the  PRPA  site,   5,000
acre-feet,   flows  in  the  Poudre  could  be  augmented  by  about  17
cfs  from  May  to  September.

The  three  alternatives  reviewed  herein  have  been  analyzed  in
terms  of  facilities  required  and  costs  of  construction,  power
and  operation/maintenance.     Details  are  summarized  in  Table
6 . 4 . I-D .

6.4.1.2d    Scheduling  of  Diversions  to  Optimize  In-Stream  Flow

Many  ditches  in  the  Larimer-Weld  region  possess  water  rights
which  entitle  them  to  divert  quantities  of  water  that  correspond
to  the  entire  f low  of  the  river  during  storage  or  irrigation
seasons.     These  diversions  were  identified  in  a  previous  section
of  this  report.    The  strategy  of  scheduling  such  diversions  to
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TABLE   6. 4.i-D.       COMPARISON   OF   ALTERNATIVES

COOLING   WATER   SUPPLY   TO   PROPOSED   PRPA   PI.ANT    (a)

NORTH   POUDRE LARIMER FT.   COLLIN
SUPPLY   CENAI. CO.    CANAL rap  NO.   1

(b) (c) (d)

umber  of  pump  stations   (e) 2 3 5

Length  of  pipeline   (f)   miles 7.0I,826 12.62'846 18.74,640

Costs,   S|000   (g)

Pumping  facilities,
capital  cost
Pipeline,  capital  costubtotal,capitalcost--------,11 I, 504 2 , 715 4'030-

3 , 330162 . 2133.6295.8 5 , 561---------'I-252.8241.2494.0 8,670--------,I-412.2358.0770.2

unping  facilities,
nnualized  capital  cost   (h)

ipeline,   annualized
apital  cost   (h)ubtotal,annualized

apital  cost   (h)

nnual  power  cost 977 I,520 2'492

nnual  O&M  cost   (i)otalAnnualCost 150I,422 . 8 2252,239 3763,638.2

(a)      Does   not
stations ,
|Osses.

consider  equalizing  ponds  associated  with  pump
ditch  conveyance  costs,  or  cost  of  river  transport

(b)     Gravity  flow  to  Indian  Creek  Reservoir,   pumping  to  PRPA  plant
site,

(a)     Gravity  flow  to  Rocky  Ridge  I.ake  Reservoir  No.   1,   pumping
to  PRPA  plant  site.

(d)     Pumping  to  PRPA  plant  site  from  a  point  immediately  upstream
from  Fort  Collins  WWTP  No.   I.

(e)      loo  mgd  capacity.
(f)     Assumes   2  parallel   lines,   16-inch  O.D.
(g)      January,1977   prices    (ENR   2148).
(h)     Assumes   8%   interest,   amortized  over   30  years.
(i)     Exclusive  of  power.
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optimize  in-stream  f low  has  little  merit  because  of  the  inherent
Characteristic  of  hydrology  in  the  two-county  area.     Demands  of
irrigators  require  that  river  systems  be  managed  to  meet  simul-
taneously-occurring  needs.

6.4.i.2e     Purchase  of  Water  Rights

In  Colorado,  there  exists  no  express  statutory  authority  for
the  Division  of  Wildlife  to  condemn  existing  water  rights  and
convert  them  to  in-stream  flow  uses.     Senate  Bill  No.   97,
effective  July  1,   1973,  provides  for  the  appropriation  of  water
by  the  State  of  Colorado  to  protect  the  natural  environment.
The  Colorado  Water  Conservation  Board  is  vested  with  authority
to  appropriate  "such  waters  of  natural  streams  and  lakes  as  may
be  required  to  preserve  the  natural  environment  to  a  reasonable
degree".     The  legislation  "in  no  way  should  be  construed  as
authorizing  any  state  agency  to  acquire  water  by  eminent  domain".
Hence,   the  State  Water  Conservation  Board  must  supply  any  water
to  be  used  for  stream  maintenance  by  purchasing  reservoir
rights,   foreign  water  such  as  C-BT,  or  existing  river  priorities.

Ability  of  the  Colorado  Water  Conservation  Board  to  appropriate
water  or  purchase  water  rights  for  the  purpose  of  instream  f low
maintenance  for  environmental  and  recreational  uses  was  author-
ized  by  amending  the  legal  clef inition  of  beneficial  water  use
to  include  in-stream  uses.     The  Colorado  Division  of  Wildlife
is  charged  with  the  job  of  recommending  stream flow  requirements
to  the  Water  Conservation  Board.     The  intent  of  S.B.   97  is  to
provide  a  reasonable  degree  of  protection  to  stream  envirorments
of  Colorado  within  the  existing  legal  framework  of  water  law
(Weaver,1976).

S.B.   97  creaces  an  opportunity  €o  allocate  water  rights  for  in-
stream  flow  purposes  through  donation,   sale,  or  lease  in  order
to  allow  water  to  be  legally  managed  for  flow  augmentation.
Although  appropriations  acquired  through  S.B.   97  will  generally
be  the  most  junior  decrees  on  over-appropriated  streams,   the
state  acquires  a  better  legal  position  to  protect  the  stream  in
water  court  cases  involving  applications  for  changes  in  use,
place  of  use,   and  points  of  diversion.
Operational  and  legal  implications  make  it  impractical  for  the
State  Water  Conservation  Board  to  introduce  a  f low  for  stream
maintenance  purposes  and  merely  let  it  travel  downstream.     This
action  would  involve  bypassing  high  priority  diversions  and
allowing  low  priority  diverters  to  acquire  water  at  the  low  end
of  the  system.     If  it  seeks  to  own  water  for  live  stream  main-
tenance,   the  Water  Conservation  Board  should  subsequently  sell
any  such  water  and  have  a  point  at  which  it  is  delivered,  or
determine  a  point  at  which  f lows  become  river  water  and  hence
available  for  diversion.
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Purchase  of  units  of  Colorado-Big  Thompson  Project   (C-BT)   water
by  the  Colorado  Division  of  Wildlife  probably  represents  one  of
the  more  practical  options  available  to  the  agency  for  guar-
anteeing  desired  f low  conditions  in  various  reaches  of  the
Cache  la  Poudre,   Big  Thompson,   Little  Thompson  and  St.   Vrain
Rivers.     A  unit  of  C-BT  water  in  a  strict  sense  is  equivalent
to  i  acre-foot,  or  a  flow  of  I/2  cfs  for  one  day.     However,
unit  appropriations  are  subject  to  downward  adjustment  by  the
Board  of  Directors  of  the  Northern  Colorado  Water  Conservancy
District   (NCWCD)   on  a  seasonal  basis  as  warranted  by  system
operating  conditions.     Typical  quotas,   summarized  in  Table
6.4.I-E,   range  from  60  to  loo  percent  of  the  I  acre-foot  C-BT
unit  value.

TABLE   6.4.i-E.      NCWCD   QUOTA   -1957-1976    (a)

EAR QUOTA YEAR QUOTA YEAR QUOT

957 60% 1964 90% 1971 60%
958 loos 1965 60% 1972 80%
959 80% 1966 100% 1973 70%
960 70% 1967 70% 1974 100%
961 60% 1968 60% 1975 80%
962 75% 1969 70% 1976 loos
963 loos 1970 60%

(a)     Northern  Colorado  Water  Conservancy  District,1976.

Factors  which  determine  the  C-BT  quota  include  runof f  forecasts
of  regional  streams   (snowpack) ,   C-BT  and  ditch  company  reservoir
storage  carry-over  from  the  previous  season,  weather  conditions,
and  all  related  f actors  af fecting  the  potential  needs  for
supplemental  water  in  the  District's  service  area.    When  offered
for  sale  by  existing  owners,   a  unit  of  C-BT  water  presently
(1977)   costs  approximately  Sl,300.     Unit  ownership  is  considered
perpetual .
To  maintain  a  dependable  flow  of  15  cf s  in  the  Poudre  River  and
15   cf s  in  the  Big  Thompson  downstream  from  the  Hansen  Canal
during  the  five  month  period  May-September,   the  Division  would
have  to  purchase   15,000  units  of  C-BT  water   (5  months  x  30  days
per  month  x  30  cfs  per  day  x  2  acre-feet  per  cfs  +  60  percent
unit  equivalency) .     If  available,   cost  of  these  units  would  be
approximately  Sl9.5  million.     Once  flow  is  established  past  a
desired  point,  water  could  be  subsequently  leased  to  a  down-
stream  user  at  a  rate  of  about  $3  per  unit.
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pumps  and  pipelines  constructed  as  part  of  the  project_   _*  _--_1     _    -I +,+.\-

facilities  of  the  existing  Colorado-Big  Thompson  Projec
Granby  Lake.     The  C-BT  System  would  delivery  Windy  Gap
+A   r_tim   ----,,,,- I__       _____ ,

The  proposed  Windy  Gap  Project  would  provide  a  means  of  con-
veying  water  originating  on  the  west  slope  of  Colorado  to  the
Front  Range  area  of  the  east  slope.     Project  components  will
collect  Colorado  River  flows  downstream  from  its  confluence
with  Frazier  River.     Water  would  be  conveyed  by  a  system  of
r\,,in-E.    --J3    ,-I -_. I _ _ _     _  _        .

into
tat
watersto  C-BT  reservoirs,   canals,   and  main-stem  river  channels  as_____  .  __I     '' -..- I     \Jt+I,    V\'qL-t=L

required  to  meet  the  requirements  of  cities  and  utilities
participating  in  the  proposed  project.
Interest  in  the  Windy  Gap  Project  is  vested  among  sponsoring
entities  according  to  the  following  relationships:

Boulder :         I/6
Estes  Park:   I/12
Greeley:         I/6

Longmont :          I/6
I-oveland :          1/12
Platte  River
Power
Authority ;       I/3

Net  delivered  average  project  yield  is  expected  to  be  on  the
order  of  48,000  acre-feet  per  year.     Final  costs  of  units  of
Windy  Gap  water  are  not  known  at  this  time.     However,   price
will  most  likely  be  comparable  to  that  of  existing  C-BT  units
(Phipps,1977).

Project  participants  incur  both  fixed  and  variable  costs.
Annual  fixed  costs  relate  to  bond  amortization.    Variable  costs
are  computed  each  year  based  on  the  actual  volume  of  water
requested  by  and  delivered  to  a  project  participant.    Ihey
reflect   Charcre§   far   save+am   ^r`ata+.'^-     M-i.-A_.___   __I   ______    .`_         __ __I ----- `        -```-1charges  for  system  operatioa,  maintenance  and  pumping
Power .

In  any  given  year,  members  of  the  Windy  Gap  Project  will  notify
the  Northern  Colorado  Water  Conservancy  District  of  their  up-
coming  water  requirements.     Delivery  of  project  water  will  be
regulated  accordingly.    The  opportunity  will  exist  for  agencies
or  groups  to  lease  surplus  Windy  Gap  water,   if  available,   for
purposes  of  maintaining  or  augmenting  in-stream  f lows  in  the
region .

A  variation  of  the  water  rights  acquisition  strategy  involves
purchasing  a  portion  of  a  water  right   (right  to  transfer)
rather  than  buying  the  entire  right.    A method  of  utilizing
water  for  streamf low  without  damaging  existing  users  must  be
identified.    In  consideration  of  rights  of  junior  diverters,
any  reallocation  of  water  through  purchase  of  water  rights
and/or  transfer  diversion  points  cannot  impair  junior  priorities
without  compensation.
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Several  Federal  aid  programs  exist  through  which  funds  can  be
disbursed  to  state  fish  and  wildlife  agencies  for  the  purpose
of  implementing  strategies  and  constructing  facilities  for
wildlife  purposes.     Disposition  and  use  of  funds  are  governed
by  the  basic  statutory  purposes  of  the  aid  programs  and  regula-
tions  and  guidelines  formulated  by  the  Secretary  of  the  Interior.
TWo  pieces  of  legislation,   the  Fish  Restoration  and  Management
Project  Act  of  1950   (Dingle-Johnson  Act)   and  the  Wildlife
Restoration  Act  of  1937   (Pitman-Robinson  Act) ,   authorize  appro-
priations  derived  from  Federal  tax  revenues  on  sales  of  fishing
equipment,   firearms,  and  ammunition  to  be  distributed  to  states.
An  additional  source  of  aid,   the  Bureau  of  Outdoor  Recreation,
administers  the  Land  and  Water  Conservation  Fund.     These  monies
are  allocated  to  states  for  planning  purposes,  and  acquisition
or  development  of  land  and  water  areas  for  recreation.

Decision-making  authority  with  respect  to  implementing  the
funding  strategies  lies  wi,th  the  Secretary  of  the  Interior
through  the  Bureau  of  Sport  Fisheries  and  Wildlife  and  the
Bureau  of  Outdoor  Recreation  within  their  respective  juris-
dictions.     The  Dingle-Johnson  Act  contains  provision  for  funding
to  be  used  for  purchasing  water  to  maintain  instream  habitat.
It  should  be  noted,   however,   that  monies  distributed  to  Colorado
are  already  exhausted  by  a  variety  of  state  programs.    Allocation
of  funds  for  acquiring  water  rights  will  require  that  financial
support  be  taken  from  other  environmentally  oriented  activities.

6.4.I.2f    Winter  Reservoir  Storage  Releases

A  conceptual  strategy  for  maintaining  main-stem  flows  in  the
Poudre  during  winter  involves  allowing  water  that  otherwise
would  be  impounded  in  high  mountain  reservoirs  during  the
storage  season  to  travel  unimpeded  to  downstream  reaches.     This
can  be  accomplished  by  two  methods:

00Under this

to  rely  On

::::::in;i¥ :i:::gp::::::I;nc:#r::u::::: ::ser-
allowed  to  f low  unregulated  through  reservoirs  to  the
main-stem.

Capturing  available  winter  flows  tributary  to  high
mountain  reservoirs,   and  releasing  them' to  the  main-
stem  during  winter  at  regulated  rates.    This  strategy
is  presently  implemented  to  an  extent  by  the  cities
of  Fort  Collins  and  Greeley.

strategy,  high  mountain  reservoirs  would  be  required
spring  snowmelt  for  mo

supply.     In  years  of  low  snowpack
would  be  f ar  below  reservoir  capa

t  or  all  of  their  storage
water  collected  in  storage

ity.     During  drought  periods,
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many  high  mountain  reservoirs  are  unable  to  acquire  supplies
commensurate  with  capacity  even  when  water  is  collected  through-
out  the  entire  storage  season,  October  through  April.     High
country  winter  flows  tributary  to  the  main-stem  Poudre  would  be
introduced  to  storage  in  plains  reservoirs.     Hence,  flow  would
be  maintained  through  a  significant  downstream  reach  of  the
river.    Ihis  strategy  would  effectively  result  in  filling
available  storage  capacity  in  impoundments  at  the  low  end  of
the  Poudre  basin.

Water  rights  considerations  make  this  strategy  questionable.
Even  if  the  water  rights  issues  were  resolved  by  an  exchange
agreement,   the  option  would  represent  an  extremely  inefficient
use  of  water  resources.     Because  winter  flows  conveyed  down  the
main-stem  would  be  diverted  into  storage  in  plains  reservoirs
in  the  low  end  of  the  Poudre  drainage,  capacity  would  not  be
available  to  accommodate  the  tremendous  volume  of  seepage,  over
3  cfs  per  mile,  that  ig  tributary  to  downstream  reaches  of  the
Poudre  during  winter.     These  returns  would  be  wasted  from  the
system.     Under  present  river  management,   such  flows  are  captured`
in  volumes  Sufficient  to  fill  plains  reservoirs.

Of  all  the  options  presented,   the  only  one  which  is  feasible  in
even  an  extremely  limited  sense  is  purchase  of  water  rights.
This  option  is  used  to  define  costs  for  Strategy  No.   2;   however,
it  does  not  preclude  implementation  of  a  less  costly  alternative
if  one  can  be  found.

Section  4.0  has  addressed  the  problem  of  habitat  associated
with  the  plains  rivers  of  the  I.arimer-Weld  region.    All  streams
in  the  region  exhibit  reaches  that  possess  bottom  layers  of
sediment  which  restrict  the  ability  of  cold  and  warm  water  f ish
to  spawn.     Such  benthic  conditions  are  a  major  impediment  to
propagation  of  a  desirable  fishery.     Presence  of  sediment  and
sludge  is  attributable  primarily  to  naturally  occurring  erosion
and  non-point  sources  of  pollution.    Modification  of  stream
bottoms  to  conditions  suitable  for  perpetration  of  fish  other
than  rough  fish  will  involve  a  two-fold  progra]r`  of  restoration
and  source-control :

Restoration.     River  channel  substrate  will  need  to  be
exposed  in  order  to  establish  benthic  conditions
conducive  to  spawning.     A  program  of  dredging,  oriented
toward  stream  reaches  where  sediment  has  accumulated,
will  be  necessary  to  meet  the  physical  requirements
of  a  self-propagating  desirable  sport  fishery.

Source-control.     Sediment  loads  generated  by  natural
sources  and  human  activities  are  amenable  to  varying
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degrees  of  control.     Naturally  occurring  sediment
contributions  can  be  mitigated  to  an  extent  by  stream
channelizations,  grouting,  rip-rapping,  and  instal-
lation  of  debris  basins.    Such  strategies  involve
major  modification  of  the  natural  stream  character,
however,   and  will  not  be  reviewed  further.    A  portion
of  the  sediment  conveyed  to  river  systems  by  human
activities  can  be  kept  out  of  the  stream  environment
by  structural,  non-structural,  and  managerial  prac-
tices.    Potential  strategies  and  future  control  needs
are  discussed  in   Interim  WQMP  Report  Nos.15,19,   22,
25   and   26.

Depth  of  sediment  is  typically  greatest  in  the  low  end  of
river  system  due  to  transport  ability  and  flushing  action
main-stem  flows.     Sediment  deposition  is  also  observed  to
pronounced  at  locations  where  stream  velocity  is  reduced,  pro-
moting  conditions  of  settling.     Meandering  channels  and  in-
stream  diversion  Structures  are  conducive  to  sediment  buildup.

For  purposes  of  sediment  analysis,   the  Cache  la  Poudre  and  Big
Thompson  Rivers  are  assumed  to  be  characterized  by  sediment
depths  ranging  from  less  than  one  inch  to  in  excess  of  6  inches,
with  3  inches  as  the  average.

The  St.   Vrain  River  conveys  extremely  high  sediment  loads  into
Weld  County  generated  in  Boulder  County.     The  reach  of  the  St.
Vrain  immediately  downstream  from  the  Weld  County  line  is
considered  to  be  the  area  in  the  region  most  af fected  by  sedimen-
tation.     Conditions  in  the  St.  Vrain  are  observed  to  improve  in
its  lower  one-third  above  the  confluence  with  the  South  Platte.

Although  the  foregoing  approximations  are  extremely  rough,  they
give  a  general  indication  of  the  level  of  ef fort  required  to
restore  channel  substrate  to  conditions  suitable  for  spawning
of  desirable  fish  species.     The  estimated  total  number  of  cubic
yards  of  sediment  requiring  removal  initially  is  presented  in
Table   6.4.2-A.
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Benthic  conditions  which  characterize  the  South  Platte  River
within  the  two-county  area  are  not  generally  suited  to  per-
petation  of  a  desirable  fishery.     Silt,   sediment,  and  mud  are
estimated  to  cover  the  gravel  substrate  of  the  South  Platte  in
thicknesses  ranging  from  6  inches  to  over  4  feet.    An  extensive
food  base  for  bass  and  other  predator  fish,  consisting  of
chubs,   shiners,  and  minnows,  presently  exists  in  the  South
Platte   (I.anglois,1977).     Hence,  with  provision  for  effective
mitigation  of  dewatering,  channelization,  habitat,  and  water
quality  constraints,   a  warm  water  fishery  could  be  developed.
=±e±56:£±±:a±::c±h::  :£gr3g::a  a::t::h::c±£g  :::i::v±:o¥::Esof
commensurate  with  significant  propagation  of  fish  other  than
rough  fish  would  involve  removal  and  disposal  of  approximately
4-I/2  million  cubic  yards  of  sediment.     The  magnitude  of  such
an  undertaking  is  overwhelming  when  compared  with  the  effort
required  to  expose  channel  substrate  in  major  tributaries  of
the  South  Platte.    For  this  reason,  implementation  strategies
which  address  development  of  a  more  diversified  fishery  in  the
South  Platte  will  not  be  formulated.    Although  creation  of  a
fishery  in  selected  reaches  of  the  South  Platte  should  not  be
totally  discounted  on  a  long-range  basis,  inherent  factors  such
as  maintenance  of  upgraded  areas  might  prove  to  be  economically
inhibiting  because  of  tributary  sediment  f lushed  in  from  unim-
proved  upstream  locations.
6.4.2.I       Operation

Compact,  portable  dredging  machines  have  been  commercially
developed  which  are`  ideally  suited  to  removing  sediment  from
the  rivers  and  shallow  impoundments  in  the  two-county  area.
Silt,   sand,  muck,  weeds  and  sludge  can  be  collected  and  pumped
away  from  the  channel  or  reservoir  environment  in  an  efficient
manner.

Based  on  an  excavation  rate  of  72  cubic  yards  per  hour   (Sanborn,
1977) ,   it  is  estimated  that  approximately  7,150  operating  hours
will  be  required  to  dredge  the  515,000  cubic  yards  of  sediment
which  presently  inhibit  spawning  of  desirable  fish  species  in
the  major  rivers  of  Iiarimer-Weld,  other  than  the  South  Platte.
This  corresponds  to  about  goo  days  of  operation,  or  3-I/2
years.     Considering  time  involved  in  transporting,   launching,
and  retrieving  the  dredging  barge,   approximately  4  years  would
be  required  to  expose  channel  substrate  in  rivers  of  the  region.
Two  individuals  are  needed  to  operate  the  dredging  equipment.
Hence,   about  8  man-years  of  effort  would  be  involved.
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6.4.2.2        Costs

Dredging  equipment  is  available  on  either  a  rental  or  purchase
basis.     In  addition  to  costs  associated  with  capital  investment
or  lease,  operational  costs  will  also  be  incurred.    Financial
aspects  of  dredge  rental  and  purchase  are  detailed  in  Tables
6.4.2-8  and  6.4.2-C.     Because  of  the  time  involved  in  dredging
streams  of  the  regions,  equipment  rental  is  not  considered  a
practical  or  economical  option.
Prices  associated  with  dredge  purchase  are  detailed  in  Table
6.4.2-C.     Operating  and  maintenance  costs  are  depicted  on  an
hourly  basis  in  Table  6.4.2-D.     Total  hourly  cost  incurred  in
owning  and  operating  a  dredge  is  slightly  more  than  $28.00.
Considering  the  time  required  to  dredge  the  Cache  la  Poudre  and
Big  Thompson  Rivers  and  St.   Vrain  Creek,   7,150  operating  hours,
operating  expense  involved  in  the  actual  clean-up  program  will
be  approximately  $200,000.     Additional  expenditure  will  be
entailed  in  transporting,  launching,  and  retrieving  the  dredge.
It  is  estimated  that  implementation  of  the  various  phases  of  a
dredging  program  oriented  toward  restoring  benthic  conditions
to  levels  suitable  for  desirable  fish  propagation  would  cost  on
the  order  of  $400,000,   including  dredge  purchase,   insurance
($3,000  per  year) ,  operating  costs,  and  cost  of  dredge  transport
and  set-up.

Dredging  spoils  will  also  need  to  be  disposed  of  properly.
Alternative  disposal  sites  include  agricultural  lands  and
unestablished  residential  yards  in  newly  constructed  areas.
Disposal  could  have  a  major  cost  and  environmental  impact  which
has  not  been  considered  in  this  analysis.

Follow-up  programs  of  dredging  will  be  necessary  to  selectively
maintain  established  in-stream  habitat  at  levels  conducive  to
fish  propagation.     Natural  sources  of  sediment  and  man-induced
suspended  solids  loads  that  are  beyond  the  control  of  present
technology  will  combine  to  degrade  the  spawning  characteristics
of  the  river  channel  substrate.     Because  of  the  magnitude  of
suspended  solids  anticipated  to  be  conveyed  to  the  regional
surface  water  regime,  even  under  conditions  of  stringent  source
control,   treatment  and  management,   a  relatively  continuous
program  of  dredging  is  necessary  to  maintain  benthic  integrity
once  it  is  initially  restored  to  rivers  of  the  area.
Even  under  ideal  conditions  of  control  of  suspended  solids
generated  by  man-induced  sources   (considered  to  be  practicably
achievable  in  the  region) ,  major  stream  systems  would  be  annually
subject  to  benthic  channel  accumulation  rates  from  slightly
less  than  one-half  inch  to  over  three-quarters  inch.    This
analysis,   is  simplified  in  its  approach:     sediment  i§  assumed
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TABLE   6.4.2-8

MINI-DREDGE LEASE   OPTION

Item
__

Basic  dredge

Acces sories :
'.,

discharge  pipe  package   (standard)
aluminum  pipe  and  f loats
cable  and  related  harnessing  equipment
service  boat  and  motor
spare  parts  kit   (purchase)
subtotal,  accessories

Total

Each  month  after  initial 60-day  lease

Iiease  Cost

13'240

3,657

16 , 897

5,820

(a)     Cost  provided  by  Mud  Cat  Division  of  National  Car  Rental
System,   Inc.   (Sanborn,1977).     Prices  effective  -January  I,
1977.
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TABIIE   6.4.2-C

MINI-DREDGE,   PURCHASE   OPTION    (a)

Item

Basic  dredge

Delivery  to  I.arimer-Weld

Acces sories :
discharge  pipe  package   (standard)
aluminum  pipe  &  f loats

cable  &  related  harnessing  equipment

service  boat  &  motor

spare  parts  kit

subtotal,  accessories

Trailer

Total

Cost   (b)

70,560

2'400

12,529

3,134

I,328

257

17,248

18,000

108,208

(a)     Cost  provided  by  Mud  Cat  Division  of  National  Car  Rental
System,   Inc.   (Sanborn,1977).     Prices  effective  -January  I,
1977

(b)     Cost  does  not  consider:

o        crane  rental  to  launch  &  retrieve  dredging  barge
(30  ton  crane  required)

o        transportation  of  equipment  from  site  to  site
o        administrative  costs
o         storage  arTd/or  warehouse  costs
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TABLE   6.4.2-D

HOURLY   OPERATING   COSTS (a)

Operating  Costs

Fuel:     $0.55  per  gal.   x  6.5  gal./hr.

Lubricants :

Engine:     $2.64  per  gal.   x  0.10  gal.^r.
Hydraulics:     $2.67  per  gal.   x  0.07  gal./hr.
Grease:     SO.58  per  lb.   x  0.06   lb./hr.
Filters :

Repairs:    parts  and  labor

Total  hourly  operating  costs

Two  operators  and  fringe  benef its

Total  Hourly  Operating  Costs

$   3.58

0.27
0.19
0.04
0.16

3.85

$    8.09

20.00

$28.09

(a)     Cost  provided  by  Mud  Cat  Division  of  National  Car  Rental
System,   Inc.    (Sanborn,1977).
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to  be  uniformly  distributed  in  plains  area  rivers  downstream
from  source  locations,  a  condition  not  likely  found  in  nature.
A  flushing  factor  is  also  considered.     However,   the  magnitude
of  computed  deposition  gives  an  indication  of  the  potential
severity  of  the  problem  with  regards  to  impacts  on  fishery
propagation.     Such  deposition  is  related  to  human  activities
alone,  with  no  consideration  given  to  natural  sources.

6.4.3             Stream  En ineerin
An  alternative  or  supplement  to  routine  dredging  as  a  means  of
preventing  sediment  accumulation  in  rivers  of  the  region  involves
physical  reconstruction  of  main-Stem  channels.     Configuration
and  carrying  capacity  would  be  altered  to  provide  constriction
of  flows  at  optimal  velocities  to  maximize  sediment  flushing.
Reducing  the  channel  profile  by  construction  of  artificial
levees  would  create  hydraulic  conditions  conducive  to  substrate
scouring.     To  accommodate  high  volumes  of  spring  runoff ,  break-
out  capability  from  the  constricted  reaches  would  have  to  be
available .

Modif ication  will  encompass  a  wide  variety  of  parameters  oriented
toward  all  life-stages  of  individual  species  selected  for
initial  stocking  in  area  streams.    Among  items  of  critical
concern  are  the  following:

o        Channel  substrate;

o        Water  volume,  depth,  velocity,  quality,  and  temperature;

o         Channel  cover.

To  sustain  warm  Water  predator  fish,   stream  habitat  must  also
be  provided  which  is  conducive  to  survival  and  propagation  of
their  prey:     shiners,   chubs  and  minnows.

It  is  estimated  that  professional  time  involved  in  evaluating
and  designing  in-stream  habitat  for  the  major  tributaries  of
the  South  Platte  River  within  the  region  will  require  one  man-
year  of  effort.     Cost  of  this  service  will  be  on  the  order  of
$20,000.     It  is  recommended  that  Federal  and  state  agencies
with  the  experience  and  expertise  in  applying  biological  tech-

:::3g¥ytfas::::i:a£:v:r:=:::: £::et±: 5::§::: ::p:€:::i:i:gn.
Both  the  U.S.   Fish  and  Wildlife  Service,   Instream  Flow  Group,
Fort  Collins,   Colorado,   and  the  Colorado  Division  of  Wildlife
possess  such  capability.
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Actual  implementation  of  stream  engineering  principles  will
involve  use  pf  heavy  equipment  normally  associated  with  con-
struction  activity.    Tractors  can  perform  required  stream
realignment.     Backhoes  are  well  suited  to  pond  and  pool  construe-
tion.     Hand  tools  can  be  used  to  provide  finishing  touches  to
major  modifications  as  well  as  to  construct  smaller  channel  and
bank  improvements.     Depending  on  the  complexity  of  the  work
involved,  physically  engineering  the  streams  of  the  region  is
estimated  to  cost  from  $500  to  $2,000  per  mile.

Stream  engineering  ef forts  should  be  oriented  toward  optimizing
habitat  for  a  selected  species  while  avoiding  to  the  extent
possible  creation  of  habitat  suited  to  a  competing  species.
An  integral  part  of  stream  engineering  is  habitat  development.
Iiand  uses  adjacent  to  engineered  streams  may  require  modifica-
tion  for  enhancement  of  proper  habitat.     In  plains  area  streams,
many  species  require  shaded  areas  and  deep  pools  to  escape
excessive  exposure  to  sunlight  and  heat.

Stream  engineering,  dredging  and  stocking  will  not  provide
public  benefit  unless  suf ficient  access  is  provided  to  waters
of  the `region.     Basements  or  land  trades  may  be  necessary
before  plains  waters  are  truly  amenable  to  fishing  and  swimming.

6.4.4            Fish  stockin

Development  of  a  desirable  sport  fishery  in  plains  reaches  of
major  streams  which  never  historically  supported  Significant
self-propagating  populations  would  require  that  an  initial
breeding  population  be  introduced.     Cost  of  Stocking  is  esti-
mated  to  be  $1.10  per  pound,  with  a  quota  of  approximately  loo
pounds  of  fish  per  surface  acre  of  pond  or  stream  representative.
Fish  stocking  has  in  recent  years  received  considerable  criti-
cism  from  anglers  and  fishery  biologists  throughout  the  state.
They  contend  that  fish  introduced  to  waters  from  fish  hatcheries
temporarily  drive  away  native  breeding  species  such  as  the
cutthroat  and  brown  trout.     The  introduced  tonnage  of  ''feedlot
fish"   ...  degrades  a  unique,   limited  renewable  natural  resource
and  the  fine  sport  of  stream  trout  fishing,  and  at  a  considerable
expense"   (Klein,1973).     These  critics  contend  that  lakes  and
reservoirs  are  the  proper  place  for  fish  stocking.    These
objections  must  be  considered  in  the  detailed  planning  phase.

6.4.5             Munici and  Industrial  Point  Source Pollution  Control

Provision  of  minimum  stream  f lows  of  15  cf s  in  the  Cache  la
Poudre  River  provides  additional  dilution  water  in  the  rivers



and  son.e  of fsetting  benefits  in  terms  of  reducing  the  level  of
municipal  and  industrial  wastewater  treatment.     Table  6.4.5-A
compares  the  treatment  level  requirements  for  Strategy  No.   i,
which  has  no  flow  augmentation  and  Strategy  No.   2,  which  includes
15  cf s  augmentation  on  the  Cache  la  Poudre  River  and  Big  Thompson
River.     Without  flow  augmentation,  Fort  Collins  No.   i,  Fort
Collins  No.   2,   Boxelder  Sanitation  District,  Windsor,   Kodak  and
Loveland  would  be  required  to  provide  advanced  waste  treatment
(ammonia  removal  to  I.5  mg/I) .     With  flow  augmentation,   tertiary
treatment  is  required   (ammonia  removal  to  3.0  mg/i).     This
results  in  a  capital  cost  reduction  to  these  discharges  estimated
at  $3.7  million,   as  indicated  in  Table  6.2-A.

6.5      STRATEGY   NO.    3

Under  Strategy  No.   3,   secondary  treatment  will  be  required  of
all  plains  area  dischargers.     The  strategy  would  not  include
flow  augmentation,   however.     In  the  reach  of  the  Poudre  between
the  mouth  of  the  canyon  and  Fort  Collins  Sewage  Treatment  Plant
Number  I,   fish  stocking  and  stream  engineering  will  be  included.
Fish  stocking  would  be  limited  to  the  area  upstream  of  Fort
Collins  and  certain  areas  of  the  Big  Thompson  upstream  of
Loveland,  but  below  the  mouth  of  the  canyon.     Stream  engineering
would  also  be  included  in  these  reaches,   contingent  upon  addi-
tional  research  and  planning  to  assure  that  this  will  produce
the  derived  results.    This  could  result  in  a  seasonal  sport
fishery  in  these  areas.   Below  Fort  Collins  Sewage  Treatment
Plant  Number  I  on  the  Poudre,   and  below  Louden  Ditch  on  the  Big
Thompson,  no  effort  will  be  made  to  upgrade  the  existing  fishery.
Non-point  source  pollution  control  strategies  for  agriculture,
urban  runoff  and  feedlots  would  be  included.

Treatment  costs  for  facilities  situated  in  the  "outlying  areas"
were  detailed  previously  in  Table  6.3-A.     Treatment  costs
incurred  in  the  combined  triangle/outlying  area  with  implementa-
tion  of  Strategies  Nos.   3  and  4  are  shown  in  Table  6.5-A.

6. 5.i           Put-and-Take  Fisher

Development  of  a  put-and-take  fishery  in  certain  stream  reaches
amenable  to  such  stocking  under  existing  flow  conditions  repre-
sents  a  potentially  viable  means  of  achieving  interim/1983
fishery  goals  on  a  limited  basis.     The  I.arimer-Weld  Regional
Council  of  Governments  sponsored  a  meeting  in  the  new  Natural
Resources  Center,   Colorado  State  University  Campus,  Fort  Collins,
Colorado,   on  November  17,   1976   for  the  purpose  of  discussing
the  basic  problems  associated  with  determining  the  attainability
of  fisheries  in  the  region.     In  attendance  were  representatives
of  the  Colorado  Division  of  Wildlife,  Colorado  State  University,
Toups  Corporation,   industry,   State  Engineer's  Office,   and  U.S.
Environmental  Protection  Agency   (Appendix  a) .
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TABLE   6.4.5-A         YEAR   2000   TREATMENT   LEVEII   REQUIREMENTS
NECESSARY   TO   MEET   PRESENT   WATER   QUALITY
sTANDARDs   By   ExlsTING  MAJOR  ~nouNI`clpAI„
AND   INDUSTRIAL   DISCHARGERS   WITH   END
WITHOUT   FLOW   AUGMENTATION

BASIN   DISCHARGER
TREATMENT   LEVEL   REQUIREMENT

ALTERNATIVE   NO.    i ALTERNATIVE   No.    2
NO   AUGMENTATIONI WITH   AUGMENTATION

CACHE   LA   POUDRE
Advanced TertiaryTertiaryTertiaryTertiaryTertiaryCombined withFort  Collins  No.   i

Fort  Collins  No.   2 Advanced
Boxelder   S.D. Advanced
Windsor Advanced
Kodak AdvancedGreeley-lst  Avenue ClosedCombined  with

BIG   THOMPSON
Estes  Park

Upper  Thompson
UTSD UTSD

SecondaryAdvanced SecondaryTertiaryTertiaryLoveland  No.   2
Great  Western-Loveland Tertiary
Milliken SecondarySecondary(Coolingwater SecondarySecondary(Coolingwater

LITTLE   THOMPSON
Berthoud
Great  Western-Johnstown

Johnstown
discharge) discharge)

SecondarySecondary SecondarySecondary
ST.    VRAIN

Tri-River  S.D.
Erie  Water  and  Sanitation
District AdvancedSecondary AdvancedSecondary

SOUTH   PLATTE
Fort  Lupton
Public  Service-Ft.   St.  Vrain       (Cooling  water) (Cooling  water)Hill-N-Park                                             Secondary SecondaryLa  Salle Secondary SecondaryEvans Secondary SecondaryGreeley-Delta Advanced Advanced
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TABLE    6.5-A                 PROJECTED   COSTS   -WASTEWATER   TREATMENT
FACILITIES   IMPROVEMENTS    FOR   STRATEGIES   NOS.    3   &   4

Recommended  Water  Use
Classif ications  and Standards

USTEP-

Flan(rngd)

Cap.-(S|000)
AVG.OatCusT(S|000/

pFusRT iroRE($1000).
EQUIV.EN.CXXFT(1

.2000

2000

CAP.RE.
OarDISC- Ace. (b) Yr. ) (c) (b) (a) TtrEL

$000Yr.)

cACilE  IA  rot)DRE  RIVIR

6.0 300 3'178 3,178 300
Ft.Cbllius  #l(d)             6.0

Ft.Collius  #2 (d) 7.2 9.0 450, 4'767 4 ' 767 450
foxelder  S.D. (d) 0.75 i.0 74 74 43 784 827 78

So.Ft.Collius  S.D. (d i.0 i.4 - ilo I,165 i,165 Ilo.
Windsor   (d) i.2 I.7 330 49 330 519 849 80
Eastman  Kodak  Oc). (d) 0.9 1.0 40 - 424 424 40

Greeley-tot A:ve. (d) 6.0 (e) 1'000 380, i,000 4'026 5,026 474

Greeley-delta  (d) (f) 4.5 11.5 5 ' 200 (g) 450 3'800 4 ' 767 8'567 809

ounyING zrm  (d) i.22 2.06 1'472 128 I,247 1'527 2 , 774 262

SLtototal 28. 77 33. 66 8'076 I,981 6 , 420 21,157 2:I 'E;J7 2'603

BIG  THormscN  RIVER

5.34.3 6.i4.3 41475

105

4 , 386795 4'386795 41475Ioveland  (d)GreatWestern-I.oveland(d)

Johast- 0.31 0.38 105 16 170 275 26

hilliken S.D. 0.34 0.40 410 28 410 297 707 67

OUILYING IRE   (d) i.88 2.87 316 549 316 5 ' 816 6 ' 132 579

SulJtotal 12 . 13 14 . 05 831` i,082 831 11  464 12   295 1161
Source :     Toups  Corporation,                                                     v

March,   1978



TABLE    6.5TA               (CONTINUED)

us"Erm

Flow(ngd)

Cap.Crm
AVG.OarCrm

PRERT iroRE
(S|000) EQUIV.

EN.On1977-2000

2000

CAP.
Oar

TorAL
(S|000) (S|000/ REDISC- Ace. (b) Yr. )  (c) (b) (a)

(?1000/Yr.)

ST.  VIEN  FRER

.99 i.2 795 54 713 705 I,418 133
OunyING jRE  (d)

soulTI  pl.ATTE  RnmR

2.48 3.88 2,002 162 i ' 725 i,711 3'436 323
oun¥ING ARE  (d)

TorAI-harirrer-ifeld 4.37 52 . 79 11, 704 3,279 9 , 6 89 35'037 44 , 726 4 , 220

(a)    Cbsts  in  terms  of January,  1977,  dollars.    untral  interest rate  7%.
(b)    IImediate  construction of facilities  assued,  except when aJnstrmction

phased  (Cifeley-belta,  Borelder S.D. ).    Includes  biological  treatrrent,
disinfection and sludge  treatment.

(c)     Secx>ndary  0  &  M  costs  from  1978  budgets.    For  Greeley  and Ft.  Collius,
total annual budget apportioned between facilities.

(d)     Secondary  treal]ment.
(e)    Greeley-lst Awe.  plant  to be  abandoned prior  to  2000.
(f)    Although  service  area is  in Cache  la Poudre basin   discharge  is  to

South Platte  River.
(g)     Includes  initial  4  ngd  increment,    4]ngd expansion  in 1989,  8  rngd

expansion  in  1995,  and initial  interoeptor.

Source:     Toups   Corporation,   March,1978
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In  plains  areas  of  the  region  where  existing  streanf lows  would
Permit  upgrading  of  existing  rough  fish  populations  to  more
desirable  species,  a  program  of  stream  stocking  on  a  put-and-
take  basis  might  represent  a  feasible  means  of  meeting  recrea-
tional  demands.    However,  any  effort  to  greatly  modify  the  type
of  fish  life  present  in  plains  reaches  of  the  various  river
systems  in  the  region  should  consider  the  actual  benefit  to  be
realized.    Value  of  a  program  of  stocking  trout,  bass,  or  other
desirable  game  fish,   Should  consider  angler  days  and  access
availabilityj  how  such  a  program  would  fit  in  with  the  local
lifestylej  and  how  it  would  affect  the  quality  of  life  in  a
given  area.    Perceptions  of  county  residents  concerning  the
modification  of  fish  life  must  be  considered.

Ihe  Colorado  Division  of  Wildlife  has  emphasized  that  their
work  is  directed  toward  satisfying  public  wants  and  wishes.
They  will  respond  in  an  agreeable  manner  to  publ'ic  pressure  by
striving  to  implement  whatever  desire  the  general  populous
might  voice.     The  Division  has  acknowledged  that  the  current
attitude  of  the  public  seems  to  favor  mountain  f isheries  as  a
more  desirable  alternative  to  E±±± fls  erles.
Major  angler  demand  occurs  during  summer,   the  season  of  tradi-
tionally  low  f low  in  the  Cache  la  Poudre  and  other  river  Systems
dounstrean  from  canyon  mouths.     The  Colorado  Division  of  Wildlife
indicated  that  the  agency  would  consider  the  potential  of  main-
taining  a  f ishery  on  the  Cache  la  Poudre  upstream  from  Fort
Collins  WTP  No.   1.     Because  of  the  risk  involved,   the  Division
prefers  to  enhance  an  existing  fishery  rather  than  establish  a
new  fishery  in  a  possibly  poor  area.

The  Colorado  Division  of  Wildlife  has  assembled  data  on  cost
and  operation  of  put-and-take  fisheries.    A  stocking  quota  of
approximately  loo  pounds  of  fish  per  surface  acre  of  pond  or
stream  is  a  representative  value  for  a  put-and-take  operation.

The  annual  cost  of  stocking  the  reaches  of  the  Poudre  and  the
Big  Thompson  described  above  would  be  approximately  $40,000  in-
cluding  cost  of  fish,  manpower,  and  program  monitoring.

6. 5. 2          ±±±±±E+Epq,i_and  Industrial  pollution  control  Reqireme±

As  indicated  in  Section  6.4,  the  major  factors  limiting  establish-
ment  of  a  sport  fishery  in  the  plains  area  rivers  of  the  region
are:     (1)   lack  of  physical  habitat  to  support  less  hardy  game
species,  and   (2)   extreme  variations  in  hydrology  resulting  in
survival  of  only  the  hardiest  species.    Upgrading  of  municipal
and  industrial  treatment  plants  to  meet  rigid  nuneric  criteria
will  not  effect  the  numbers  or  diversity  of  aquatic  life  in  the
plains  streams  unless  accompanied  by  major  modification  of
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stream  habitat  and  flow  conditions.    Municipal  and  industrial
treatment  requirements  for  Strategy  No.   3  recognize  this  fact.
Secondary  treatment  ist  recommended  for  all  discharges  in  the
region  under  Str-ategy  No.   3.     Costs  a`re  displayed  in  Table  6.5-A.

6..6      STRATEGY  NO.    4

With  implementation  of  S`trategy  No.   4,   al.1  discharges  would  be
required  to  meet  secondary  treatment  standa-rds.    Associated
cost.s`  were  previously  presented  in  Tables  6.3'`-A   (outlying  area)
and  6.5-A  (compos,ite  triangle/outlying  area).    Control  measures
would  be  undertaken  for  non-`point  sources.    There  would  be  no
fish  stocking  or  stream  engineering  in  the  plains  area  streams.
Municip,al  and  industrial  treatment  costs  are  s`hown  in  TaLble
6.5-A  and  are  identical  to  Strategy  No.   3'.

6. 7     NON-POINT   SOURCE   POI.LUTION   CONTEOL  Col"ON  TO  ALL   STRATEGIES

All  four  alternative  pollution  control  scrategies  include
control  of  pollutants  from  irrigated  agriculture,  urban  runoff
and  feedlots.    Uncert`aintie.a  regarding  the  cos\t  effectiveness
and  benef its  of  control measures  for  irrigated  agriculture  and
urban  runoff  dictate  the  need  for  additional  research,  develop-
ment,  and  demonstration  projects.    The  degree  of  implementation
of  pollution  measures  will  depend  on  the  outcome  of  those
efforts.    Inclusion  of  tho§^e\ elements  in  the  alternative strate-
gies  is  conditional  pending  the  results  of  additiorLal  research,development,  and  demonstration  projects,.    Full  d\iscus`sion  of
the  approach  to  urban  runoff  and  irrigated  agriculture  pollution
control  ef forts  and  costs  are  presented  in.  Interim  WQxp  Report
Nos.    3,   15,   19,   22,   25,   and   26.
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7.0      CONCLUSIONS   AND RECOMMENDATIONS

This_  chapter  presents  the  conclusions  and  recommendations  based  on
information  developed  in  this  report  as  supported  by  other  208
reports.     Section  7.I  provides  the  conclusions  from  Sections  2
through  6.     Section  7.2  presents  the  recommended  water  quality
standards  and  classifications  to  support  the  recommended  alter-
native  strategy,  and  the  recommended  water  quality  monitoring
program  necessary  to  support  208  program  implementation.

7.I     CONcliusIONS

7.i.I           Conclusions: Section  2  -  Existin and  Pro ected  Water

I.       Major  sources  of  pollution  within  the  Larimer-Weld  Region
include  municipal  and  industrial  point  sources,  and  non-point
sources  including  irrigated  agriculture  and  urban  runoff .
Pollutant  sources  which  have  less  impact  on  water  quality
include  solid  waste  disposal,  construction  activities,
silvicultural  activities  and  other  forest  uses,  and  confined
animal  feeding  operations.

2.       The  impact  of  these  discharges  is  directly  related  to  the
proportionate  level  of  land  use  associated  with  each  activity
in  the  Region.     The  Cache  la  Poudre  River  basin  and  Big
Thompson  River  Basin  are  more  impacted  by  urban  development
activities  than  the  St.  Vrain  and  South  Platte.    The  plains
area  of  all  basins  ar.e  impacted  by  pollutants  contained  in
and  conveyed  by  irrigation  return  flow.

3.       The  impacts  of  urban  runoff  have  been  projected  but  not
verified  through  a  program  of  sampling  and  analysis.

4.       All  streams  of  the  plains  area  are  impacted  by  pollutants
contained  in  and  conveyed  by  irrigation  return  f lows  which
are  estimated  at  approximately  380  mgd  as  compared  to  muni-
cipal  and  industrial  discharges  of  46  mgd.

5.       Irrigation  return  flows  to  the  Cache  la  Poudre  River  are
estimated  at  150  mgd  compared  to  25  mgd  discharged  by  muni-
cipal  and  industrial  sources.

6.       Water  quality  of  the  Big  Thompson  River  is  effected  by
municipal  and  industrial  discharges  from  the  City  of  Loveland
and  Great  Western  Sugar  Company.     Combined  municipal  and
industrial  discharges  in  the  basin  including  the  Little
Thompson  are  estimated  at  15  mgd,   irrigation  return  flows  are
estimated  at  44  mgd.

7. Point  sources  discharging  into  the  Little  Thompson  River
include  Milliken  and  Johnstown.     These  discharges  have  a
negligible  effect  on  water  quality  of  the  Little  Thompson.
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9.

The  Little  Thompson  receives  a  considerable  amount  of  irri-
gation  return  flow.     During  the  summer  season,   flows  from.theLittle  Thompson  basin  have  a  total  dissolved  solids  content
of  2000  mg/I.     The  Little  Thompson  is  also  subject  to  sedi-
ment  loading  which  is  the  highest  in  the  Region.     Sediment
levels  in  the  Little  Thompson  range  upwards  of  200  mg/1.

Only  one  municipal  discharger,  Mead  Sanitation  District,
discharges  to  the  St.  Vrain  in  the  Larimer-Weld  Region.
Agricultural  return  flows  to  the  St.  Vrain  River  are  esti-
mated  at  62  mgd.

10.     The  only  point  source  dischargers  on  the  South  Platte  River
are  a  number  of  small  communities  in  South  Weld  County  which
have  a  negligible  influence  on  water  quality.     Total  muni-
cipal  discharge  is  less  than  1  mgd  while  irrigation  return
flows  are  estimated  at  125  mgd.

11.     Irrigation  returns  flows  are  a  major  element  in  the  water
supply  equation  of  the  Larimer-Weld  Region.     They  entirely
sustain  the  flow  of  the  lower  Cache  la  Poudre,   lower  Thompson,
lower  St.  Vrain,  and  portions  of  the  South  Platte  Rivers
during  certain  periods  of  the  summer  low  flow  period.

12.     The  impacts  of  point  and  non-point  source  discharges  vary
substantially  throughout  the  Larimer-Weld  Region  due  to  the
extremely  complex  system  of  supply  and  diversion.     Impacts
of  specif ic  point  sources  are  of ten  masked  by  non-point
source  discharges  or  completely  nullified  by  subsequent
withdrawal  of  the  entire  system  f low  for  application  to
irrigated  land.

7.1.2           Conclusions:     Section  3  -Water  Qualit Criteria  and
Stan ards

1

This  chapter  provides  the  rationale  for  development  of  recommended
criteria  and  standards  for  the  Larimer-Weld  Region.    Major  conclu-
sions  include:

I.       The  ability  of  technicians  to  measure  chemical  concentrations
in  water,  conduct  tests  on  aquatic  life  under  idealized
laboratory  conditions,  and  write  computer  programs  supposedly
depicting  in-stream  conditions  has  advanced  tremendously  in
recent  years.

2.       The  application  of  this  advanced  technology  to  specific
rivers,  streams  and  reservoirs  i§  in  its  embryonic  stage  and
deserves  considerable  additional  field  testing  prior  to
application  to  municipal  and  industrial  discharge  permits.
Benef icial  uses  of  water  within  the  I.arimer-Weld  Region
include  recreation,  aquatic  life,  agriculture,  and  water
supply.
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The  factors  af fecting  establishment  of  nuneric  standards  to
ensure  protection  of  beneficial  uses  include  highly  localized
conditions  such  as  in-stream  aquatic  life,  pH,  temperature,
hardness,  total  dissolved  solids,  and  other  in-stream  pollu-
tants.     These  factors  are  highly  variable  within  the  Region.

Establishment  of  numeric  standards  beyond  "Basic  Standards"
currently  in  ef feet  for  streams  within  the  Legion  will
require  additional  sampling,  bioassays,  and  biosurveys.

5.      Application  of  water  quality  criteria  other  than  basic
standards  presently  in  ef feet  can  not  be  supported  until  more
scientific  evidence  i§  available  proving  the  applicability  of
those  criteria  in  the  Larimer-Weld  Region.    Application  of
broader  water  quality  criteria  in  the  development  of  NPDES
discharge  permits  is  not  acceptable  until  such  scientific
information  is  available  and  the  following  conditions  are
met:

a.       In-stream  monitoring  programs,  biosurveys,  bioassays,
and  other  scientific  evidence  indicate  that  chemical
constituents  included  in  such  criteria  are  present  in
suf ficient  concentrations  in  receiving  waters  to  inter-
fere  with  beneficial  uses  of  water  in  legally  adopted
stream  classifications  and  are  applicable  to  specific
situations  within  the  Region.

b.       Monitoring  programs  identify  specific  point  and  non-
point  sources  of  the  constituent  in  question,  the  level
attributable  to  each  source,  and  the  specific  impact  of
each  source  on  the  beneficial  use  of  water.

a.       The  economic,   social,   and  environmental  impact  and
technical  feasibility  of  eliminating  specif ic  pollutant
is  defined  through  planning  conducted  in  accordance  with
Section  201  and/or  Section  208  of  the.  Clean  Water  Act.

d.

7.i.3

Facilities  are  constructed  and/or  best  management  prac-
tices  are  developed  and  implemented  to  control  the
discharge  of  specific  pollutants.

Conclusions:     Section  4  -Factors  Affectin Attainment
1983 Water  Qual Goals

I.      Factors  affecting  attainment  of  the  goal,  as  well  as  the
means  of  attainment,  include  regional  hydrology,  in-stream
physical  factors  such  as  stream  bed  conditions,   flow,  habitat,
temperature,   as  well  as  chemical  factors,   and  local  goals,
attitudes  and  desires  concerning  priorities  for  recreation
and  water  use.
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2. The  surface  water  hydrology  of  the  I-arimer-Weld  Region  has
undergone  extensive  changes  in  the  last  120  years  with  the
objective  of  maximizing  use  of  available  water  supplies  for
irrigation,  municipal  and  industrial  purposes.

3.       Numerous  diversion  structures  have  been  constructed  in  the
streams  to  facilitate  delivery  of water  to  various  ditches
and  from  there  to  reservoirs,  irrigated  land,  municipalities
and  industries  in  the  Region.

4.       Operation  of  the  river  system  under  the  management  strategy
which  maximizes  availability  of  supplies  for  these  purposes
results  in  total  diversion  of  all  supplies  from  rivers  at
many  points.

5.       Diversion  of  total  flow  in  the  river  occurs  during  the  irri-
gation  season,  May  -September,  and  during  the  storage  season,
October  -April.

6. .     Diversions  on  the  Cache  la  Poudre  River  may  totally  dry  up
the  river  at  least  11  times  between  the  North  Poudre  Supply
Canal  at  the  the  mouth  of  the  canyon  and  its  confluence  ,with
the  South  Platte  River.

7.       Diversions   from  the  Big  Thompson  River  may  dry  up  the  river
at  least  five  times  between  the  mouth  of  the  canyon  and  its
confluence  with  the  South  Platte  River.

8.       The  South  Platte  River  may  be  dried  up  at  least  5  times  with-
in  the  Region.

9.      Extreme  hydrologic  variations  contribute  to  the  survival  of
only  the  hardiest  species  of  fish  in  the  plains  area  of  the
Region.     These  fish  are  generally  referred  to  as   "rough"  or''forage"  fish  and  for  the  most  part,  include  carp,  suckers,
and  minnows.

10.     Mountain  streams  of  tne  Region  generally  provide  excellent
habitat  for  trout  fisheries.    The  mountains  are  also  the
prime  providers  of  supply  for  agriculture  and  municipal  uses
of  water.

11.     The  high  mountain  streams  ar.e  a  great  regional  and  state
•   fisheries  and  recreational  resource  which  should  be  pro-

tected  from  degradation.

12.     Stream  life  of  the  plains  streams  is  determined  by  factors
other  than  flow,  including  benthic  and  bank  conditions,
temperature,  and  quality.

13.    Existing  recreational  fisheries  in  the  streams  of  the  plains  area
are  marginal  at.best.     This  is  confirmed  by  the  fact  that  the
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Colorado  Division  of  Wildlife  does  not  consider  the  plains
streams  as  a  viable  fishery  and  does  not  spend  state  re-
sources  on  stocking  or  attempting  to  manage  these  plains
streams  as  fisheries.    It  is  also  confirmed  through  biolo-
gical  data  collected  as  part  of  the  208  program  and  from
other  sources.

14.    Opportunities  for  establishment  of  in-stream  fisheries  within
the  plains  area  appear  to  be  extremely  limited.

15.     Establishment  of  fisheries  in  the  numerous  off-stream  reser-
voirs  has  been  accomplished  and  appears  to  of fer  the  greatest
benefits  in  the  future  in  terms  of  meeting  water  quality
goals  and  regional  and  state  program  goals.

16.     The  Larimer-Weld  Region  contains  25  percent  of  water  recre-
ation  areas  in  the  South  Platte  River  Basin  in  the  State  of
Colorado.

17.    Water  based  recreation  and  fisheries  within  the  Region  center
around  mountain  streams  and  reservoirs  in  the  foothills  and
plains  areas.

18.     Public  acceptance  of  large  expenditures  for  improving  water
quality  in  the  rivers  of  the  region  is  considered  to  be
questionable  when  the  public  benefits  from  such  improvements
appear  to  be  negligible  in  terms  of  providing  increased
recreational  and  fishery  opportunities.

19.     Opportunities  for  recreational  enhancement  in  the  Larimer-
Weld  Region  appear  to  be  greatest  in  the  mountainous  areas
and  at  off-stream  sites  such  as  reservoirs,  converted  gravel
operations,  and  reservoirs  in  the  foothills  areas.

7.1.4           Conclusions:     Section  5  -Environmental  Goals  and  Their
to  Water Manaqement

The  following  conclusions  are  drawn  based  on  the  information  pre-
sented  in  Chapter  5.

I.       Federal  Clean  Water  Act  encourages  to  the  maximum  amount
feasible  "the  recycling  of  potential  sewage  pollutants
through  the  production  of  agricultural,  sivilcultural  and
agricultural  products  and  the  reclamation  of  wastewater. "

2. This  goal  is  carried  out  to  the  maximum  extent  feasible  by
the  systems  of  discharge  and  diversion  existing  within  the
Region.    Wastewater  discharged  by  municipal  treatment  plants
is  used  on  an  average  at  least  2*  times  prior  to  leaving  the
Region .



3.       Land  treatment  for  the  major  urban  centers  of  F`ort  Collins,
Loveland  and  Greeley,  as  a  means  of  achieving  tertiary  treat-
ment,  or  to  eliminate  direct  discharge  is  not  cost-effective.
Opportunities  for  direct  land  application  of  wastewater  as  a
planned  component  of  water  quality  management  appear  to  be
more  substantial  in  rural  communities.

4.       The  major  agricultural  solid  waste  problem  exists  in  terms  of
management  of  residual  wastes  from  concentrated  animal  feeding
operations.     Disposal  of  manure  generated  by  livestock  on
conf ined  animal  feeding  operations  as  a  fertilizer  and  soil
amendment  in  combination  with  application  of  commercial
fertilizers  causes  excess  nitrate  loadings  to  ground  waters.
Implementation  of  agricultural  best  management  practices  can
eliminate  this  problem  and  provide  direct  economic  benef its
to  the  farmers.     Other  elements  of  the  208  program  include
detailed  recommendations  for  carrying  out  such  programs.

5.       The  continuing  208  planning  program  will  address  the  problem
encountered  by  communities  in  meeting  requirements  of  the
Federal  Safe  Drinking  Water  Act.

6.       Planning,  management,   and  operations  agencies  for  point.and
non-point  source  pollution  control  should  be  required  to
address  the  question  of  energy  consumption  and  energy  con-
servation  measures  proposed  as  part  of  the  implementation  of
pollution  control  programs.

7.       Control  of  pollutants  from  irrigated  agriculture  and  imple-
mentation  of  best  management  practices  will  be  achieved  with
measures  which  increase  the  ef ficiency  of  conveyance  systems
and  on-farm  irrigation  systems.     Some  degree  of  water  conser-
vation  will  occur  as  a  result  of  a  decrease  in  net  demand  if
these  measures  prove  to  be  cost-ef fective  from  a  regional
standpoint  and  are  widely  implemented.     However,   the  final
disposition  of  the  water  conserved  is  uncertain  at  this  time.

7.       Major  municipalities  within  the  Region  have  established  goals
of  reducing  unit  waste  f lows  within  their  sewage  systems  by
substantial  amounts.

8.       Implementation  of  water  conservation  measures  in  the  home
could  provide  greater  reserve  capacity  in  existing  waste
treatment  facilities.    Major  flow  reductions  cannot  be
expected.

7.1.5           Conclusions:     Section  6  -Alternative  Im 1ementation
Strategy

i.       An  alternative  technical  strategy  which  meets  numerical  water
quality  standards  through  application  of  strict  point  source
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2.

3.

controls  above   (Strategy  #1)  will  be  extremely  expensive  to
municipal  and  industrial  dischargers  and  will  not  have  any
noticeable  effect  on  the  existing  beneficial  uses,  including
aquatic  life,  in  the  plains  area  of  the  Region.

The  potential  exists  for  creating  a  diversified  sport  f ishery
in  the  plains  area  of  the  Cache  la  Poudre  and  Big  Thompson
Rivers  through  a  program  of  flow  augmentation,   stream  engine-
ering,   fish  stocking  and  dredging.    While  this  may  be  a
desirable  long-term  goal  for  the  Region,  much  additional
information  is  needed  to  determine  the  feasibility  of  this
goal  and  the  benefits  to  be  derived  from  extremely  high
expenditures  for  point  source  control  and  purchase  of  water
for  flow  augmentation.

Upgrading  of  f isheries  through  a  program  of  stream  engine-
ering  and  fish  stocking,  and  possibly  altered  water  manage-
ment  strategies  in  areas  on  the  Big  Thompson  River  between
Loveland  and  the  mouth  of  the  Big  Thompson  Canyon,   and  Fort
Collins  and  the  mouth  of  the  Cache  la  Poudre  Canyon,   appear
to  be  feasible.    Additional  research  is  recommended  along
with  field  testing  to  determine  the  actual  feasibility  of
these  measures.

4.       Secondary  treatment  is  recommended  for  all  municipal  and
industrial  dischargers  in  the  plains  area.    Based  on  data
and  information  available  and  ongoing  programs  to  upgrade
waste  treatment  capabilities,   secondary  treatment  will  pro-
vide  adequate  protection  of  beneficial  uses  in  these  areas
of  the  Region.    Higher  levels  of  wastewater  treatment  are
not  justified.

5.       A  regional  water  quality  monitoring  program  should  be  estab-
lished  which  includes  not  only  chemical  and  physical  data,
but  also  biosurveys  and  bioassays  to  determine  future  in-
stream  levels  of  protection  within  the  Region.

6.       Common  elements  assumed  to  be  incorporated  in  any  pollution
control  strategy  for  the  Larimer-Weld  Region  include:

a.       Continued  enforcement  of  feedlot  regulations  and  oper-
ation  of  pollution  control  facilities  by  feedlot
operators .

b.      A  program  of  agricultural  pollution  control  in  the
Region  to  the  control,  to  the  extent  feasible,  dis-
chargers  of  salinity,  nitrates  and  sediment  to  rivers  of
the  region.     This  program  is  heavily  dependent  upon
federal  funding  for  implementation  on  a  demonstration
basis.    Full  implementation  can  come  only  after  control
measures  are  proved  to  be  cost-effective  and  necessary.
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d.

e.

Development  and  implementation  of  an  urban  runof f
pollution  control  program  in  the  Region.
Development  of  pollution  control  program  from  other  non-
point  sources  including  construction,  silvicultural
activities,  septic  tanks  and  leach fields,  solid/  hazard-
ous  waste  disposal.

Maintenance  of  high  quality  of  mountain  streams  in  the
Region.

Implementation  of  the  Larimer-Weld  208  Program  requires  adoption
of  a  set  of  stream  classification  standards  and  implementation  of
a  water  quality  monitoring  program  in 'the  future.    These  are
described  in  Section  7.2.1  of  this  report.

7. 2       RECOMMENDATIONS

7.2.i           Stream  Classifications  and  Standards

Chapter  5  of  EPA's  Guidelines  for  State  and  Areawide  Water

::::!=i::t:=sg!±Eh:e::v:g=:=g#:Fi::Eit3o:t
Quality

set  forth
requirements  for  the  development  of  Water  Quality  Standards  consis-
tent  with  Section  303  of  the  F`ederal  Water  Pollution  Control  Act
Amendments  of  1972.     These  regulations  and  guidelines  establish
the  scope  and  content  for  the  formulation  and  review  of  State
Water  Quality  Standards.      (EPA,   1976)

The  Guidelines  state  that

0

0

tial the  water  quality  standards  "are  an  e§sen-
the  state  quality  management  system."     Standards:

Publicly  define  the  State's  water  quality  objectives,  and
hence,   form  the  basis  for  its  planning;

Serve  as  the  basis  for  determining  National  Pollution
Discharge  Elimination  System   (NPDES)   permit  effluent
limitations  for  pollutants  which  are  not  specifically
addressed  in  the  effluent  guidelines  or  for  pollutants  for
which  the  ef fluent  guidelines  are  not  stringent  enough  to
protect  desired  uses;
Serve  as  a  basis  for  evaluating  and  modifying  Best  Manage-
ment  Practices   (BMP)   for  control  of  non-point  sources;

Serve  as  a  basis  for  judgment  in  other  water  quality
related  programs,   including  water  storage  for  regulation
of  stream  flow,  water  quality  inventories,  control  of
toxic  substances,   thermal  discharges,   cooling  lakes,
aquaculture,  and  dredged  and  fill  activities.
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0 Contain  the  State's  antidegradation  policy.
The  regulations  provide  for  the  adoption  and  periodic  revision
of  water  quality  standards,  as  appropriate,  at  least  once  every
three  years.     In  revising  standards  and  classifications,  states
are  required  to  maintain  water  uses  which  are  currently  being
attained  and  where  water  quality  standards  specify  designated
uses  less  than  those  being  achieved,  the  State  is  required  to
upgrade  its  standards  to  reflect  the  use  being  attained,  or  the
state  may  establish  less  restrictive  uses  than  those  in  existing
standards  under  certain  conditions.

The   federal  regulations,   40  CFR  130.17(c)  (2)-(3) ,   state:

"(2)     The  State  shall  maintain  those  water  uses  which  are
currently  being  attained.    Where  existing  water  quality
standards  specify  designated  water  uses  less  than  those
which  are  presently  being  achieved,  the  State  shall  up-
grade  its  standards  to  ref lect  the  uses  actually  being
attained.
"(3)     At  a  minimum,   the  State  shall  maintain  those  water
uses  which  are  currently  designated  in  water  quality
standards,  effective  as  of  the  date  of  these  regulations
or  as  subsequently  modified  in  accordance  with  §130.17(c) (i)
and   (2).     The  State  may  establish  less  restrictive  uses
than  those  contained  in  existing  water  quality  standards,
however,  only  where  the  State  can  demonstrate  that:

(i)     The  existing  designated  use  is  not  attainable
because  of  natural  background;

(ii)     The  existing  designated  use  is  not  attainable
because  of  irretrievable  man-induced  conditions;  or

(iii)    Application  of  effluent  limitations  for  existing
Sources  more  stringent  than  those  required  pursuant
to  Section  30l(b)  (2) (A)   and   (a)   of  the  Act  in  order
to  attain  the  existing  designated  use  would  result  in

::::::n:i::c:?9 (#despread  adverse  economic  and

Treatment  levels  referred  to  in  this  section  are  BATEA  -  Best
Available  Technology  Economically  Achievable  for  6EH==  than
municipally  owned  treatment  works.     Factors  relating  to  the
assessment  of  equipment  and  facilities  involved,  the  process
employed,  the  engineering  aspects  of  the  application  of  various
types  of  control  techniques,  process  changes,  the  cost  of
achieving  such  effluent  reduction,  non-water  quality  environ-
mental  impact   (including  energy  requirements) ,   and  such  other
factors  as  the  Administrator  deems  appropriate.     BPWT  -Best
Practicable  Waste  Treatment  technology  for  municipal  owned
treatment  works  may  include  reclamation  or  recycling  of  water.



7.2.i.I       Existing  Colorado  Water  Quality  Standards  and
Classifications

Water  quality  standards  and  a  system  for  classifying  waters  of  the
State  of  Colorado  in  effect  during  the  208  planning  period  are
pursuant  to  the  Colorado  Water  Quality  Control  Act  of  1973  and
regulations  promulgated  thereto.

The  State  of  Colorado  has  established  water  quality  classifications
and  standards  for  all  waters  of  the  State  effective  June  19,   1974.

£h:::e::a:::f::::::::  :::i:€: :::::::i:I ' u:3: :a:I:gin:nsr:riar§Lass
contact  recreation,   such  as  swirrming  and  water  skiing.     Class  a
waters  are  suitable  for  all  beneficial  uses  expect  primary  contact
recreation.     The  subscripts  I  and  2  denote  cold  water  and  warm  water
classifications,  respectively.    Class  C  waters  are  those  waters
which  have  been  excepted  from  A  or  8  classifications  on  a  case-by-
case  basis  by  the  Water  Quality  Control  Commission.

Associated  with  the  classifications  are  numerical  standards  for
7  water  quality  parameters  to  insure  that  beneficial  uses  can
be  maintained  within  the  class.     These  standards  are  shown  in
Table  7.2.i-A.     In  addition,   all  Class  A  and  8  waters  are  to  be"free  from"  settleable  solids,   floating  solids,  taste,  odor,
color,  oil  grease,  and  toxic  materials.

Table  7.2.1-8  shows  how  these  classifications  have  been  applied
in  the  Larimer-Weld  Region.     All  streams  are  classified  as  Bi
and  82  streams.     Generally,   the  Bi  streams   (cold  water  fishery)
are  located  in  the  mountainous  areas  and  the  82  streams   (warm
water  fishery)   are  located  in  the  plains  areas.    Mountain
lakes,  reservoirs  and  creeks  have  also  been  classified  as  well
as  a  few  selected  reservoirs  of  the  plains  areas   (see  Colorado
Water  Quality  Control  Commission,   1974,  Water
and  Stream  Classifications, Appendix  A)

Quality Standards

State  water  quality  standards  specify  that  the  design  frequency
and  duration  for  water  quality  standards  is  a  seven  day/ten
year  low  flow.     That  is,   a  minimum  seven  day  average  flow  which
occurs  on  the  average  of  once  in  ten  years.     This  implies  that
low  f lows  in  streams  may  cause  violations  under  drought  condi-
tions  which  theoretically  occur  very  rarely,   i.e.,  one  week  in
ten  years.

State  water  quality  standards  also  include  limitations  on  the
quality  of  effluent  discharged  by  industries  and  municipalities
to  help  insure  instream  water  quality  standard  attainments  for
beneficial  uses.    The  specific  standards  application  to  all
waste  water  discharges  in  Colorado  are  listed  in  Table  7.2.i-C.
Standards  for  industries  which  discharge  other  deleterious
materials  are  determined  by  federal  regulations  applicable  to
specific  industries.
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The  standards  in  Table  7.2.I-C  represent  the  legally  allowable
^^r\a+iJ,I,--I    -I-___-_ 1  __ _  ,   .

The  toxic  element  most  commonly  found  in  municipal  discharges------------- uv    I-..vj]t=   uL5L;iLal-ges.

is  ammonia.     The  Environmental  Protection  Agency  has  determined
that  an  ammonia  concentration  in  excess  of  lrs  mg/I  in  the
stream  is  toxic  to  aquatic  life   (at  a  pH  of  7.5  and  temperature
at  680F).    Although  this  value  is  extremely  sensitive  to  changes
in  pH  and  temperature,   it  is  generally  accepted  as  the  in-
stream  limit  by  the  State  of  Colorado  and  EPA.

Additional  limitations  have  been  established  for  specific  Gate-
gories  of  industries  which  exhibit  common  discharge  character-
istics.     A  number  of  major  industries  in  the  Larimer-Weld
region,   i.e.,  electronics,  meat  packing,  etc.,  discharge  waste
to  municipal  treatment  systems.     In  these  cases,   industries
must  meet  pretreatment  requirements  to  eliminate  constituents
not  commonly  removed  by  municipal  wastewater  treatment  works.
The  municipalities  are  then  subject  to  limitations  described
above,  or  more  stringent  limitations  depending  on  instream
water  quality  standards.

7.2.i.2       Recommended  classifications

At  the  request  of  the  Colorado  Water  Quality  Control  Co"ission,
the  thirteen  state  planning  and  management  regions   (COG's)   have
been  asked  to  make  recommended  stream  classifications  for
waters  in  their  regions.    Approval  of  any  part  or  all  of  a  208
areawide  planning  document  does  not  mean  summary  approval  of
recorunended  stream  classifications.    Assignment  of  stream
classifications  by  the  Colorado  Water  Quality  Control  Commission
must  be  carried  out  under  separate  administrative  hearing  and
public  input  procedures.
As  a  part  of  the  208  planning  process  for  the  Larimer-Weld
Region  and  in  an  attempt  to  provide  the  best  available  techni-
cal,   social  and  economic  input  to  the  standards  and  classifica-
tion  process,   the  I,arimer-Weld  Areawide  Planning  Committee  has
made  recommended  water  use  classifications  for  water  bodies
within  its  political  boundaries.    It  is  the  intent  of  the
I.arimer-Weld  Region  to  achieve  as  high  a  level  of  water  quality
as  is  realistically  possible  consistent  with  state  and  national
water  quality  goals,  given  constraints  on  the  hydrologic  system
?nd  a  careful  assessment  of  resources  available  to  restore  orimprove  water  quality  conditions.

I ------------ `-t±`+LL]r    aLLuwaljconstituent  concentrations  that  can  be  discharged  to  waters
the  State.     In  addition,  rules  and  regulations  specify  that
toxic  substance  may  be  discharged  in  a  quantity  resulting  in
toxic  concentration  in  the  stream.    This  applies  to  a  wide
variety  of  biological  and  chemical  constituents  and  provides
the  State  with  a  mechanism  for  controlling  those  discharges.
T`ha   +n`ri^   al^M^.-I   -__I   _____    -       -
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Recommended  water  quality  goals  including  water  use  classifica-
tions,  criteria  and  standards  for  the  Larimer-Weld  Region  are
framed  in  the  context  of  historic,  present  and  anticipated
future  use  of  water  resources;  natural  and  man-induced  constraints
to  the  hydrologic  system  including  a  highly  variable  semi-arid
climate  resulting  in  a  wide  range  of  flow  conditions,  man-
controlled  water  diversion,  storage,  and  release  for  beneficial
uses;  historic  and  current  fisheries  management  strategies
based  upon  natural  and  man-caused  effects  on  water  quantity  and
water  quality.

Proposed  stream  classifications  for  the  Larimer-Weld  Region
have  been  made  by  the  208  Areawide  Planning  Committee   (APC)
after  a  lengthy  process  of  investigation,  discussion,  referral
and  refinement.     Numerous  meetings,   field  trips  and  preliminary
recommendations  were  made  by  the  Subcommittees  on  Water  Quality
and  Environmental  Impact  before  presentation  to  the  APC.    The
procedure  which  outlines  this  process  is  indicated  in  Figure
7 . 2 . I-A .

Recommendations  for  classifications  of  stream  segments  were
made  using  the  beneficial  use  classifications  as  proposed  by
the  Colorado  Water  Quality  Control  Colt`mission  in  November  1977.
Interpretations  of  these  general  use  categories  are  shown  in
Table  7.2.i-D.     In  reviewing  the  proposed  classification  system,
the  Areawide  Planning  Colnmittee   (APC)   did  not  endorse  any
proposed  set  of  numeric  limits  pertaining  to  water  quality
criteria  or  standards  for  any  of  the  beneficial  uses.    The  APC
recognized  only  the  general  use  categories.

A  great  concern  of  the  Ape  was  that  little  latitude  existed  for
the  recognition  of  aquatic  biota  under  the  State's  proposed
system.     Therefore,  the  APC  directed  'staff  to  prepare  aquatic
subclassifications  which  reflected  levels  of  protection  for
aquatic  life  based  upon  consideration  of  other  than  man-indu`ced
water quality  factors.
These  included  natural  background  water  quality  conditions,
irretrievable  man-induced  water  quanti.ty  conditions  upon  the
system  and  imposition  of  treatment  levels  higher  than  secondary
because  of  extreme  low  flow  hydrologic  conditions.

The  Larimer-Weld  Regional  Council  of  Governments  proposed  to
the  Commission  in  September,   1977,   and  again  in  October,   1977,
a  means  of  recognizing  various  levels  of  protection  for  aquatic
life  for  cold  or  warm water  biota.    This  aquatic  life  subclassi-
fication  proposal  is  shown  in  Table  7.2.i-E.     The  Commission
chose  to  modify  the  language  for  inclusion  in  the  State's
proposed  standards  and,  therefore,  altered  the  meanings  of
definitions  of  the  Larimer-Weld  aquatic  life  subclassification
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FIGURE   7.2.i-A

STREAM   CLASSIFICATION
PROCESS

LARIMER-WELD   REGIONAL   COG
208   WATER   QUALITY
MANAGEMENT   PROGRAM

IDENTIFICATION   OF   WATER   BODIES
IN   REGION    (I.E.,    STREAM   SEGMENTS)

SUBCOMMITTEE   ON   WATER   QUAI.ITY
(19   members)

Preliminary  Recommendations

SUBCOMMITTEE   ON   ENVIRONMENTAL   IMPACT
(16   members)

Preliminary  Recommendations
with  comments ,   refinements,
and  modifications

208   AREAWIDE   PI.ANNING   COMMITTEE

.     Subcommittee  on  Water  Quality

.     Subcolrmittee  on  Institutional/
Financial  Management

.     Subcommittee  on  Population  and
Land  Use

.     Subcommittee  on  Environmental
Impact

.     Committee  at  Large
(81   members)

Draft  Recommendations

LARIMER-WEI.D   REGIONAL   COG   GOVERNING   BOARD
(14  members  -  elected  officials)

F`inal  Recommendations

COI.ORADO   WATER   QUALITY   CONTROL   CO"ISSION

7-L7



+           o\           \JI               D          \J                    N                    tl 8

t'          n,          P              P          P                   t^                   U

Sri)d„a00fl

i       i      €          f       f.             §             B.
r.           tJ.           rt                rf            a                      5                      0ia          a          :.             :-         i.                I a                 J2

g8sgEE.        g.E:.        i               i               8
rtrt       rt  ri       a  ®            0  ®                                     0                      rf
®             ®             rt                 rt                                            J                       D
rl   tA        li   co        ai    I.               a]    I                                               rt                           a

a    i    a      !               i         ;
<            L<            0                 OJ                                     „                      a

rl                                                                    ®                           ri
'laQ®
co         a         a             g                             5                 #
i         8         g            f                           g                8-
g         a         H                                            !.                5
®1

I;I;#!#;!!;i;!#!®H.

EHZHriHaZ

93      ®3      =%           =`'%      £8      &80'.§           Goog
I-.              a.              ®   tl               ®   r`         in   a.        L..rt  ro   oJ               I:   OoF   Lrty   .it      ``it   &8   55.g:      g'gg;iij!'!::i;i!##!L,.

F!       i    Ei       gi    ij    i;ii       ::i5#F#g`lQ`®H.`

;    ;  !i   i!  ii  i![.i    #iP.

LJ

E       g    5;       !i       :    ?g!.:      :ifH.H.®0

i     iiE     iE     !     &#     g?i
L..              I-L..                                 O   in                      a)   rt  rl

B          !      ?8         €8         a          J!og          F-='S0.5®'J.tJ.a.
LJ.           I..           0            a, 0            i                                      J  ®
a            0       Qth          O  in          !                Ore           a  u]  €
H.             I..       .                                                             a,  rl   o             `          tJ.
a           to        -              I                 H.           I:       H.                O  rt.
oi            ai         N               a                 5            a  a)  5             a  ti`FH        I     -          rt            r)        Fgrt        8€g

0                   C   O              0  ty  rt
rl               it th          O  ito
01®'
'H

7-18



V

uoI]T2oseo

suoT|t>oT]Tsst}Toqns

0\H
r`

(



7-20



Proposal.     In  view  of  this  change,   the  I.arimer-Weld  208  APC
elected  to  retain  its  definitions,  which  it  believes  more
accurately  reflects  three  levels  of  aquatic  life  protection
important  to  the  Region.

Recommended  stream  classification  and  aquatic  biota  subclassi-
fication  assignments  for  waters  of  the  liarimer-Weld  region  were
rf>arhaA   af+]a`-.^__=]___L-_     -. _    __    _T._   -...-.,,--    TT5+u   I.E=t|iLuti   werereached  after  considerable  discussion  anong  scientists,  fisheries
biologists,  engineers,  planners  and  citizen  advisory  committee
participants.    Historical,  existing  and  future  potential  uses
of  these  water  bodies  were  carefully  reviewed  in  making  recom-
mended  classification  assigunents.    The  proposed  classifications
are  shorn  in  lable  7.2.I-F  and  in  Figure  7.2.I-a.     Justification
for  these  assigrments  is  s~arized  below  along  with  qualifica-
tions  on  the  establishment  of  water  quality  criteria  or  standards
for  various  water  quality  parameters  to  insure  that  a  sufficient
level  of  water  quality  is  being  attained  for  a  beneficial  use.

JUSTIFICATION FOR   CLASS IFICATIONS

1.       Not  all  natural  waters  in  the  Larimer-Weld  Region
were  historically  capable  Qf  supporting  a  wide
diversity  of  native  or  introduced  aquatic  life  in
such  a  manner  as  to  exist  and  reproduce  in  a  non-
stressful  state  because  of  naturally  occurring  stream
flow  conditions,  and  lack  of  Stable  physical  habitat.

2.       The  hydrologic  system  of  the  Iiarimer-Weld  Region  is
currently  governed  by  statutory  and  administrative
interpretation  of  Colorado  Water  I.aw  in  which  the
hydrologic  system  is  administered  to  satisfy  the
water  rights  of  senior  water  rights'  holders  and  an
established  hierarchy  of  beneficial  uses.    Ho  water
has  been  adjudicated  for  minimum  stream  flows  in  the
I.arimer-Weld  Region.

3.       The  once  natural  hydrologic  `system  of  the  Iiarimer-
Weld  Region  has  been  greatly  modified  through  a
highly-developed  water  resource  management  system
including  transbasin  and  transmountain,  water
storage,  diversion,  and  ncherous  "beneficial"  uses
and  reuses  of  water.     These  man-induced  actions  have,
in  fact,  broadened  and  enhanced  the  number  of  bene-
ficial  uses  in  the  Region  through  making  greater
amounts  of  water  available  for  longer  periods  of
time .

4.       Investments  of  public  and  private  funds  to  plan  for,
protect,  restore,  pr  improve  water  quality  for
various  benef icial  uses  should  undergo  a  rigorous
test  of  costs  versus  benefits,  including:
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a.

b.

5.

6.

Scientific  evidence  that  implementation  of  such
water  quality  and  quantity  management  actions
will,  in  fact,  result  in  appreciable  increases
in  in-stream  water  quality  for  desired  bene-
ficial  uses;

An  evaluation  of  environmental,   social,   and
economic  consequences  resulting  from  such
action.

Classification  of  lakes  and  reservoirs  in  the  Region
particularly  in  the  foothills  and  plains  areas,
should  be  deferred  until  a  more  thorough  analysis  can
be  made  of  historic,  existing  and  expected  beneficial
uses.     This  analysis  and  classification  should  be
carried  out  by  the  designated  areawide  planning
agency  for  the  208  Plan.

Levels  of  protection  or  subclasses  should  be  estab-
lished  for  other  beneficial  use  categories.    This
approach  recognizes  the  resource  value  of  each  bene-
ficial  use  relative  to  other  beneficial  uses.
Included  in  the  development  of  these  subclasses
should  be  consideration  for  past,  present  and  his-
toric  use  of  the  water  body;   as  well  as  consideration
for  public  health  and  aesthetics  and  meeting  the
goals  of  the  Clean  Water  Act.     Nuneric  criteria  for
water  quality,  if  required  to  delineate  the  various
levels  of  protection,   should  be  determined  by  a
careful  examination  of  scientifically  derived  water
quality  information  by  a  group  of  experts  in  appro-
priate  technical  disciplines,   including  economics,
agronomy,   engineering,   hydrology,   aquatic  biology,
toxicology,  public  health  and  recreation  resources.

These  stream  classifications  and  aquatic  subclassifications  are
contingent  upon  provisions  as  indicated  for  each  segment.     Further,
they  are  made  in  concept  using  the  State's  proposed  general
classification  system  and  the  Ijarimer-Weld  Regional  Council  of
Governments  208  Areawide  Planning  Committee  Subclassification
system  for  aquatic  biota.     They  do  not  consider  nuneric  limits
for  water  quality  parameters  as  pro.posed  by  the  State.

7. 2.i. 3        Recommended  Standards

The  Larimer-Weld  Region  recommends  that  criteria  such  as  those
contained  in  EPA's  Qualit
as  non-regulatory pl

Criteria  for  Water
tools  wh Ichannlng (EPA,    1976)    be   used

along  with  other  independent.         _ ___I,     '-_ _ ----.-- 1''    -,*\^-Jr'-,|ut=4Jevidence,   can  be  used  to  determine  feasible  and  justifiable  non-
point  pollution  control  strategies;  new  standards;  effluent  limit-
ations  for  existing  and  new  point  source  dischargesj  interrelation-
ships  between  in-stream  standards  and  pollution  generators;   and,
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enforcement  actions.     This  charge  will  require  a  cooperative
ef fort  on  the  part  of  state  and  federal  regulatory  agencies  and
dischargers.     The  need  for  such  an  approach  is  explained  in
Section  3.3  which  points  out  the  problems  which  may  be  encoun-
tered  by  adherement  to  untested  and  questionable  water  quality
criteria  and  standards.

Stream  standards  should  be  based  upon  water  quality  criteria
levels  which  are  scientifically  justifiable,  easily  and  econo-
mically  detectable  and  pertinent  to  the  benef icial  uses  they
are  designed  to  protect.     In  view  of  the  state-of-the-art  of
developing  standards  to  preserve  or  protect  aquatic  life  or
other  uses,  and  the  questionable  accuracy  and  precision  of  often
intricate,  expensive  and  frequently .unreliable  field  and  labora-
tory  testing  equipment  and  methods,   it  is  recommended  that  State
standards  currently  in  ef feat  be  retained  and  that  in-stream
standards  for  other  pollutant  indicators  be  established  on  a
case-by-case  basis,   as  the  need  arises.     Applicable  standards
are  summarized  in  Table  7.2.i-A.     The  technical  strategy  needed
to  accomplish  this  task  is  outlined  in  Section  7.i.2.

7. 2.i.4       Recommended  Effluent  Limitations

It  is  recommended  that
cipal  waste  discharges
waste  discharges  whose

ef fluent  limitations  for  existing  muni-

::s:::a:::i:£a:::t=:±=€i:g :::u:::i::lent
in  composition  to  municipal  waste,  be  required  to  meet  effluent
limitations  adopted  March  18,   1975,   by  the  Colorado  Water  Quality
Control  Commission.     A  summary  of  specific  limitations  for  the
discharge  of  wastes  is  outlined  in  Table  7.2.i-a  below.

TABLE   7.2.i-G
SPECIFIC   LIMITATIONS   FOR   THE   DISCHARGE   OF   WASTES

pAFunETERs

BODS

Suspended  Solids

Fecal  Coliform

Residual  Chlorine

pH

Oil  and  Grease

PARAMETER   LIMITATIONS

7-Day  Average          30-Day  Average

45  mg/i                           30  mg/i

45  mg/|                          30  mg/|

As  determined  by  the  Division
of  Administration  of  the  State
Health  Department  to  protect
public  health  in  the  stream
classification  to  which  the
discharge  is  made

Less   than   0.5  mg/1

6.0   -9.0

10  mg/i  and  there  shall  be  no
visible  sheen
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technical
objectivesplanning  strategy  must  designed  with  the  following

It  is  further  recommended  that  an  ammonia  limitation  be  estab-
lished  for  municipal  waste  discharges  in  excess  of  I  mgd  which
is  a  concentration  level  equivalent  to  that  which  can  be  reliably
achieved  by  a  properly  designed,   operated  and  maintained  con-
ventional  secondary  wastewater  treatment  facility  as  determined
by  the  Colorado  Water  Quality  Control  Commission.

For  communities  for  which  it  has  been  determined  by  a  cost-
ef fective  analysis  that  aerated  waste  stabilization  ponds  will
meet  treatment  requirements,  it  is  recommended  that  the  effluent

:i:i::::°:; §::g:n±:dT§:i:a: ; 2;a:£eb: a::a:=diimffi ::::b±:shed
based  on  Best  Waste  Stabilization  Pond  Technology,   as  determined
by  the  Colorado  Water  Quality  Contro.i icormission.

7.2.i.5       Recommended  Continued  Technical  Planning  Tasks

To  ensure  that  there  is  a  continuing  and  progressive  ef fort  to
clef ine  water  quality  relationships  for  pollutants  and  their
Sources  and  a  means  to  reduce  water  pollution,   a  continued
JL_   _     __,_   __     _,                      ,                      1

i.

2.

3.

Establish  relationships  between  point  and  non-point
source  pollution  and  achievement  of  maintenance  of
beneficial  uses.

Define  the  impact  of  point  sources  of  pollution  under
varying  flow  regimes.

Monitor  the  effects  of  waste  discharges  on  aquatic
life  to  insure  an  adequate  level  of  protection.

4.       Determine  allowable  mixing  zones  below  point  source
discharges .

5.       Establish  enforceable  in-stream  standards  for  critical
physical,   chemical  and  biological  constituents  and
associated  ef fluent  limitations  for  point  source
discharges .

6.       Determine  means  of  measuring  effectiveness  in  terms
of  in-stream  water  quality  improvements  resulting
from  water  quality  control  alternatives.

The  process  to  meet  these  objectives  is  comprised  of  four  basic
elements.     They  are:

Monitoring  and  Reporting
Standards  Setting  and  Ef f luent  Limitations
Revisions  of  Classifications
Enforcement .
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A.       Monitoring  and  Reporting

The  existing  data  base  is  inadequate  to  meet  the  above-stated
objectives.     A  long-term  program  to  monitor  physical,   chemical
and  biological  conditions  in  area  water  bodies  and  their  rela-
tionship  to  various  hydrologic  regimes  is  necessary  to  plan  for
the  protection  and  enhancement  of  beneficial  uses.     A  water
quality  monitoring  program  for  the  Region  should  be  a  coordinated
ef fort  involving  all  agencies  and  organizations  currently  con-
ducting  water  quality  sampling.     The  justification  for  a  monitoring
program  to  address  this  problem  is  included  in  Section  7.2.2.
8.       Standards  Settin and  Eff luent  Limitations

The  monitoring  program  described  above  will  serve  as  the  basis
for  the  establishment  of  new  water  quality  standards.     The
general  rule  of  thumb  to  be  followed  will  be  to  first  monitor
those  constituents  for  which  there  is  a  known  discharge  and  for
which  the  Colorado  Water  Quality  Control  Colnmission,   in  consul-
tation  with  the  Areawide  Planning  Agency,  determines  may  inter-
fere  with  existing  or  anticipated  beneficial  uses.     In  the  case
of  proposed  new  point  source  discharges,   an  intensive  water
quality  sampling  program  should  be  initiated  in  the  appropriate
stream  segment  as  a  means  of  determining  appropriate  in-stream
standards,  if  warranted,  and  appropriate  effluent  limitations
other  than  those  recommended  previously.

C.       Revisions  of  Classifications

Examination  of  stream  classifications  will  be  made  periodically
by  the  Areawide  Planning  Agency,   but  no  less  frequently  than
once  every  three  years  in  a  manner  coinciding  with  the  review
of  classifications  and  standards  conducted  by  the  Colorado
Water  Quality  Control  Commission.     The  immediate  task  following
approval  of  the  208  Plan  will  be  to  examine  lakes,   reservoirs,
groundwater  basins  and  the  Laramie  River,   and  make  appropriate
recommendations  to  the  Commission.     Additionally,   emphasis  will.
be  given  on  strengthening  the  classification  system  by,   for
example,   examining  the  merits  of  establishing  levels  of  pro-
tection   (or  subclassification)   for  each  major  water  use  category.

D.        Enforcement

Enforcement  is  a  means  of  last  resort  to  ensure  protection  of
beneficial  uses  of  water.     Currently,   enforcement  actions
focus  on  violation  of  conditions  to  point  source  discharge
permits  and  in-stream  standards.     For  such  pollution  indicators
as  BOD  and  Suspended  Solids,   enforcement  has  been  an  effective
legal  means  of  insuring  water  quality  is  protected.     However,
less  success  has  been  achieved  in  enforcing  more  exotic  pollu-
tants,   such  as  heavy  metals,  due  principally  to  state-of-the-
art  considerations.    Nonetheless,  the  ability  to  enforce  is  a
necessary  part  of  the  pollution  control  program.
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The  process  outlined  previously  for  a  case-by-case  determina-
tion  of  standards  and  effluent  limitations,  will  serve  to
strengthen  state  enforcement  capabilities.
As  a  rule,  neither  standards  nor  criteria  should  be  used  in  and
of  themselves  as  a  basis  for  enforcement  action.     "However,
where  there  is  other,  more  reliable,   scientific  evidence  of
unacceptable  damage  to  an  aquatic  resource  or  a  use  of  water,
the  demonstration  of  a  violation  of  one  or  more  of  the  appli-
cable  standard   (or  criteria)   can  be  corroborating  evidence
facilitating  the  enforcement  action.    Wherever  there  is  such
independent  evidence  of  pollution,   those  demonstrably  contri-
buting  to  violation  of  the  standards   (or  criterion)   can  be
reasonably  asked  to  show  cause  why  they  should  not  be  required
to  meet  the  standards   (or  criterion)   and  undertake  monitoring
(or  other  appropriate  action)   necessary  to  demonstrate
compliance . " *

7.2.2          E±±§r  Quality  Monitoring  prog±

A  water  quality  monitoring  program  is  a  fundamental  need  to
insure  that  future  investments  in  water  pollution  control  are
made  in  a  wise  and  efficient  manner.     A  water  quality  monitoring
program  will  allow  making  of  investment  decisions  based  on  factual
data  developed  in  the  region  rather  than  opinions,  old  sayings,
rules  of  thumb,  inapplicable  broad-scale  regulatory  efforts,
and/or  arbitrary  decisions  at  the  federal,  state  or  local  levels.
The  monitoring  program  implemented  as  a  part  of  the  initial  208
program  development  provided  the  basis  for  the  realistic  planning
contained  in  the  208  Plan.     Without  such  information  on  the  water
quality  impacts  of  point  and  nonpoint  sources  within  the  region
and  information  on  regional  hydrology,  realistic  conclusions  and
recommendations  concerning  water  quality  control  measures  would
never  have  been  reached.    Acceptance  and  application  of  pollution
control  regulations  without  understanding  their  regional  applica-
bility  could  have  resulted  in  the  expenditure  of  millions  of
dollars  with  no  apparent  water  quality  benefits.     However,  the
208  program  does  not  contain  all  answers  for  all  times.     To
insure  that  the  region  will  have  the  factual  data  on  which  to
base  future  decisions,   a  water  quality  monitoring  program  should
be  implemented  in  the  region.

7.2.2.I       Overall  Approach  to  Water  Quality  Monitoring  Program

A  water  quality  monitoring  program  cannot  be
because  data  is  collected;  data  col 1e

justified  simply
on  is  required,  and/orfunds  are  available.    Water  quality  monitoring  i;  not  an  end  to__   _   __  ,         --_-_-,     _ _

Comments  by  Peter  Doudorof f  to  the
Colorado  Water  Quality  Control  Commission  regarding  proposed
revision  of  the  Colorado  State  Water  Quality  Standards  and
Stream  Classification  System,"  February  1978.     Full  text  of
these  comments   is   in  Appendix  A.
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itself .    A  justifiable  program  is  one  which  supports  overall
water  management  goals  of  the  Region,   the  State,   and  the  nation.
The  primary  objective  of  the  water  quality  monitoring  program  is
to  insure  sound  investment  in  water  quality  control  measures  for
the  protection  of  beneficial  uses.
The  monitoring  program  must  be  cost  effective  in  itself .     This
implies  that  the  program  must  produce  information  which  suppor.ts
overall  water  management  objectives  with  optimum  use  of  available
and  ongoing  monitoring  resources.     Program  cost  is  definitely  a
consideration  in  the  design  and  implementation  of  water  quality
monitoring  programs.

The  recommended  program  for  the  Larimer-Weld  Region  includes:

1.       A  statement  of  objectives  which  supports  overall
water  management  objectives  of  the  region;

2.       A  statement  of  criteria  which  guides  design  of
the  program;

3.       Designation  of  sampling  activities  in  terms  of
who  samples,   where,   what  and  how  often.

The  implementation  of  the  recon`mended  program  is  dependent  upon
cooperation  and  support  of  a  number  of  local,   state,  and  federal
agencies  and  private  organizations.     Improvements  in  program  design
are  anticipated  as  agency  representatives  gather  to  discuss  the
relationship  among  their  on-going  activities  and  the  recommended
Program.

7.2.2.2       Objectives  of  the  Water  Quality  Monitoring  Program

The  water  quality  monitoring  program  supports  the  following  overall
objectives  stated  in  the  "Goals  and  Objectives  in  Matters  of  Regional
Concern" ,   adopted  by  the  Larimer-Weld  Regional  Council  of  Governments
on   May   5,    1976:

"8.     Surface  and  Under round  Water  Qualit /Wastewater
Treatment

Goal :

(Supporting)
Objectives

Encourage  maintenance  and  enhance-
ment  of  surface  and  underground
water  quality  consistent  with  the
use  of  these  waters.

1.       Develop  and  implement  an  effi-
cient  and  ef fective  regional
management  plan  for  collection
and  treatment  of  wastewater.
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2.

3.

4.

Assure  that  the  quality  of
surface  and  underground  water
is  monitored  by  the  appropriate
agencies .

Support  controls  that  will  main-
tain  and  improve  the  region's
water  quality  consistent  with
its  use.

Encourage  communication  with
water  resource  management  and
wastewater  treatment  agencies. "

|n order to accomplish these  regional  goalsr  EEEife 9±
for  the  monitoring  program  include:

I.

2.

3.

4.

5.

Define  the  impacts  of  discrete  point  source  discharges
on  water  quality  within  the  region;

Def ine  the  impacts  of  nonpoint  sources  such  as
agriculture,  silviculture,  mining,  urban  runoff ,
septic  tanks  and  leech fields,  and  natural  background
conditions  on  water  quality;

Define  the  relationships  between  nonpoint  source
pollution,  natural  background  pollution,  and  point
source  pollution  in  the  region;

Define  the  relationship  between  water  quality  para-
meters  which  can  be  measured  and  the  beneficial  uses  of
water  recognized  in  the  region.

Provide  the  basis  for  evaluating  the  effectiveness
of  measures  implemented  by  municipalities,  industries,
and  others  involved  in  pollution  control  in  the  region;

6.       Provide  an  indication  as  to  the  degree  of  pollution
of  groundwater  supplies  in  the  region,  their  signi-
ficance  on  beneficial  uses,   future  trends,  and  sources
of  pollution;

7.       Provide  the  data  necessary  to  insure  protection  of
beneficial  uses  in  the  region;

8.       Provide  the  data  necessary  to  indicate  trends  in  water
quality.

Fulfillment  of  these  objectives  in  a  cost-effective  manner  will
require  implementation  of  an  initial  water  quality  program,
evaluation  of  the  data  resulting  from  that  program,  and  continuous
reevaluation  of  the  program  producing  that  information.
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All  objectives  will  not  be  met  initially.    Failure  to  revi.ew  the
program  in  light  of  its  overall  objectives  versus  results,  will
result  in  a  waste  of  taxpayers'  money  over  a  long  period  of  time.

7.2.2.3       Criteria  for  the  Monitoring  Program

Design  criteria  for  the  water  quality  monitoring  program  take  into
account  factors  influencing  the  parameters  to  be  sampled,   sample
locations,   frequency  of  sampling,   i.e.,   all  of  the  factors  which
control  the  cost  and  the  ef fectiveness  of  the  program.    The  criteria
for  the  Larimer-Weld  Regional  Council  of  Governments  208  Program
are  stated  below:

1.       Frequency  of  sampling  should  be  dependent  upon
the  following  factors:

a.       Time  over  which  changes  in  water  quality  can
be  anticipated,   i.e.,  hourly,  daily,   seasonally,
monthly,  years,   decades;

b.       Sensitivity  of  applying  water  to  various  bene-
f icial  uses  as  a  function  of  change  in  water
quality;

a.       The  magnitude  of  changes  anticipated  by
implementing  point  and  nonpoint  source
pollution  control  measures;

d.       Existing  NPDES  Permit  requirements.

2.       The  physical,   chemical  and  biological  constitutents
sampled  will  be  dependent  upon:

a.       The  characteristics  of  point  and  nonpoint
source  dischargers;

b.      The  significant  characteristics  related  to
the  beneficial  uses  of  water,   including
flow  variations ;

c.       Constituents  which  can  be  controlled  measur-
ably  through  implementation  of  point  and  non-
point  source  control  measures;

d.       Existing  NPDES  Permit  requirements.

3.       The  monitoring  program  should  identify:
\

a.       The  impacts  of  external  sources  on  the  region,
i.e. ,  pollution  from  upstream  areas.
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b.

a,

4.

5.

6.

The  significance  of  external  as  opposed  to
internal  sources  on  beneficial  uses  within
the  region  and  on  downstream  uses;

The  impacts  of  specific  point  sources  relative
to  other  point  sources,  non-point  sources,  and
natural  background  conditions.

Program  should  optimize  use  of  resources  for  data
collection  and  analysis  to  the  maximum  extent
possible,   and  should  recognize  and  incorporate  the
results  of  ongoing  federal,   state,   local  agency  and
private  programs.
Collection  of  f low  data  should  be  included  as  a
fundamental  element  in  the  monitoring  program  to
develop  an  understanding  of  fundamental  relation-
ships  among  hydrologic  and  water  quality  parameters.

The  location  of  sampling  points  should  be  based  on:

a.       Location  of  significant  point  and  nonpoint
source  discharges;

b.       Need  to  differentiate  impacts  of  specific
discharges  on  in-stream  water  quality;

a.       Ensuring  protection  of  high  quality  mountain
streams  in  the  region.

Meeting  all  criteria  may  not  be  possible  in  the  initial  program,
but  the  criteria  should  be  applied  as  the  results  of  the  initial
program  are  evaluated  and  the  monitoring  program  is  modified  based
on  experience.

7.2.2.4       Existing  Water  Quality  Sampling  Programs

Water  quality  programs  currently  being  conducted  in  the  region
include  those  by  municipalities,   industries,  State  of  Colorado
Water  Quality  Control  Division,   U.S.   Geological  Survey,  National
Park  Service, .,and  others.

Municipalities  and  industries  are  required  to  monitor  their  own
discharges  under  the  terms  and  conditions  of  their  NPDES  discharge
permit.    Self-monitoring  data  is  restricted  to  the  discharge  itself
and  no  requirements  are  set  forth  for  monitoring  downstream  impacts
of  the  discharge.

The  State  of  Colorado  operates  a  water  quality  monitoring
program  within  the  region  and  the  U.S.   Geological  Survey   (USGS)
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collects  periodic  water  quality  samples.    In  addition  to  its
routine  sampling  program,   the  USGS  may  undertake  special  hydro-
logic  and  water  quality  studies,   including  surface  and/or
ground  waters,   and  these  have  been  conducted  in  the  region.
The  National  Park  Service  has  initiated  a  program  to  define
impacts  of  recreational  use  within  Rocky  Mountain  National
Park .

Existing  water  quality  monitoring  programs  were  designed  with
specific  limited  objectives  in  mind.     Because  of  this,  existing
programs  did  not  meet  the  overall  objectives  and  criteria  defined
above ,

A.       Cause  and  Effect  Relationshi

Shortcomings  of  the  existing  programs  include:

I.       Lack  of  definition  of  cause/effect  relationships
among  pollutant  discharges,   in-stream  water  quality,
and  impacts  on  beneficial  uses.

2.       Inadequate  in-stream  biological  data.

3.       Inability  to  differentiate  among  the  impacts  of
point  and  non-point  sources.

4.       Lack  of  in-stream  flow  data  corresponding  to  water
quality  data.

These  factors  are  discussed  below.

A  major  shortcoming  of  existing  programs  is  lack  of  cause  and
effect  definition  among  pollutant  discharges,   in-stream  water
quality,   and  impacts  on  beneficial  uses.     Regulatory  agencies  must
rely  on  major  planning  efforts  such  as  the   "Comprehensive  Water
Quality  Management  Plan  -South  Platte  River  Basin",   completed  in
1974  and  the  current  208  program  to  define  the  impacts  of  municipal
and  industrial  discharges  on  water  quality.    This  is  done  without
an  adequate  historical  data  base  relating  specific  pollutant  dis-
charges  to  in-stream  water  quality  conditions,  or  in-stream  water
quality  conditions  to  actual  impacts  on  aquatic  life  and  other
beneficial  uses  of  the  Stream.

In  the  current  208  program,   an  extensive  water  quality  monitoring
Program  was  undertaken  to  identify  impacts  of  point  source  dis-
charges  on  the  stream.     However,   this  must  be  looked  upon  as  a
first  step,  since  inadequate  historical  data  is  available  to  fully
define  water  quality  impacts  of  point  sources  under  the  extreme
hydrologic  variations  which  occur  in  the  region.     In  order  to
provide  a  more  realistic  assessment  in  the  future,   information  on
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in-stream  impacts  should  be  collected  by  the  municipalities  and
industries  themselves,  both  to  understand  their  actual  impacts  on
water  quality  in  the  Region  and  to  guard  against  far-reaching,
costly  decisions  based  on  inadequate  technical  data.

a.       Biolo ical  Data

The  second  major  shortcoming  of  the  existing  monitoring  programs  in
the  region  is  the  almost  total  lack  of  in-stream  biological  data.
The  stated  goals  of  P.L.   92-500  are  to  provide  for  establishment  of
aquatic  life  habitats  where  attainable.    However,  very  little  is
known  about  aquatic  life  in  the  streams  of  the  Region,  the  State  or
the  nation,  or  the  physical  and  water  quality  requirements  for
actually  attaining  this  goal.

An  even  greater  unknown  is  the  relationship  among  water  quality
conditions  and  a  stream's  ability  to  support  various  types  of
aquatic  life.     Generally,  data  has  been  extrapolated  from  other
areas  or  from  highly  controlled  "tank  tests"  conducted  under  ideal
conditions.'    While  these  tests  and  research  may  meet  the  limited
objectives  for  which  they  are  designed,   they  may  not  be  directly
applicable  to  in-stream  conditions  in  the  Larimer-Weld  Region.
Ihus,  municipalities  and  industries  are  subject  to  the  best  judg-
ments  based  on  extrapolated  data  which  may  or  may  not  be  relevant
to  the  real  ecological  system  impacted  by  the  discharge.

C.       Point and  Non-Point  Source Dischar
A  third  major  shortcoming  of  the  existing  programs  is  lack  of
ability  to  dif ferentiate  among  the  impacts  of  point  and  nonpoint
sources.    This  results  directly  from  the  fact  that  most  munici-
palities  and  industries  sample  only  their  discharge  and  do  not
sample  ups€realn  or  downscream.     Thus,  while  significant  investments
in  point  source  pollution  control  have  been  made,   little  is  known
about  the  actual  benef its  when  compared  to  impacts  of  other  dis-
charges,   including  other  point  source  discharges.

D.        In-stream  Flow  Data

The  fourth  major  shortcoming  of  the  existing  program  is  the  absence
of  in-stream  flow  measurements  taken  at  the  same  time  water  quality
data  is  collected.    Water  quality  data  alone  is  of  little  value
unless  corresponding  flow  conditions  are  docunented  and  understood.
The  complex  system  of  diversion  structures,  reservoir  releases,
point  source  discharges,   and  nonpoint  return  flow  make  accurate
flow  estimating  based  on  upstream  or  downstream  gaging  data  abso-
lutely  impossible   (Interim  WQMP  Report  No.   22) .
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7.2.2.5       Recormended  Water  Quality  Monitoring  Program

The  recommended  water  quality  monitoring  program  is  directed  toward
(a)   eliminating  the  shortcomings  listed  above;   (b)   meeting  the
program  objectives  state  above  and   (a)   optimizing  the  use  of  avail-
able  resources  in  the  region.     The  fundamental  approach  to  be  taken
includes :

i.       In-stream  sampling  should  be  conducted  by  municipalities
and  industries  above  and  below  their  points  of  discharge.

2.       The  parameters  sampled  in  the  in-stream  sampling  program
by  municipalities  and  industries  should  be  expanded  so
that  impacts  of  point  and  nonpoint  sources  can  be  dif fer-
entiated;   flow  measurements  should  be  taken  by  municipali-
ties  and  industries  in  conjunction  with  in-stream  water
quality  data.

3.       The  program  is  designed  to  be  implemented  primarily  by
municipal  and  industrial  dischargers,  but  at  little
additional  cost  over  the  cost  of  existing  sampling
programs.    The  data  provided  will  be  vital  to  each
municipality  and  industry  in  clef ining  their  actual  in-
stream  impacts  and  will  provide  the  realistic  information
to  insure  factually-based  decision-making  in  the  future.

4.       Data  from  ongoing  federal  and  state  programs  will  be
incorporated  into  the  monitoring  program.

5.       Data  collected  by  municipal  water  suppliers  in  compliance
with  the  Safe  Drinking  Water  Act  will  be  incorporated
into  the  program.

6.       All  proposed  special  water  quality  studies  by  federal  and
state  agencies  will  be  reviewed  for  compliance  with
regional ,water  goals  and  objectives.

7.       Bioassay  data  will  be  collected  in  all  streams  of  the
region .

The  program  should  .be  reevaluated  after  one  year  in  light  of
experience  gained  and  to  insure  that  the  criteria  proposed  above
are  being  met.

A.        Recommended  Munici al  and  Industrial  Monitorin
The  municipal  and  industrial  monitoring  program  includes  the
following  elements :

i.       Continued  monitoring  as  required  under  NPDES  permits.
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2.       Monitoring  upstream  of  the  discharge,   including  flow
measurement.

3.       Monitoring  downstream  of  the  discharge.

4.       Monitoring  a  few  additiona
the  relationship  among  the
source  discharges  to  the  s

It  is  recommended  that  in-strealn  sam
palities  and  industries  on  a  monthlypl

_____    _---___   I_+, , -\--a  good  indication  of  the  seasonal  v;riation  of  the  impacts  and
the  variations  of  impacts  under  various  hydrologic  conditions.
The  parameters  recommended  for  in-stream  sampling  to  define  the
impacts  of  municipal  discharges  include  fecal  colifom,  dissolved
oxygen,   ammonia,   BODS,   suspended  solids,   and  temperature.     In
order  to  differentiate  the  impacts  of  nonpoint  sources,  primarily
that  of  irrigated  agriculture,  it  is  recommended  that  the  municipal
program  in-stream  be  expanded  to  include  sampling  for  total
dissolved  solids   (or  electroconductivity)   and  nitrates.    Along
with  the  information  on  suspended  solids  collected  upstream  and
downstream,  this  data  should  provide  an  excellent  indication  of
the  relationship  of  point  and  nonpoint  source  discharges  in  the
region.     The  additional  costs  which  might  be  incurred  include
those  costs  for  analyses  of  nitrate  and  total  dissolved  solids.
In  lieu  of  having  laboratory  analyses  for  total  dissolved  solids,
electroconductivity  readings  could  be  collected.     If  this  is
done,   the  meters  used  throughout  the  region  should  be  calibrated
with  a  standard  sample.

Stream  f low  should  be  measured  upstream  of  municipal  and  industrial
discharges  concurrently  with  water  quality  sampling.     Corresponding
flow  measuremencs  will  greatly  enhance  the  value  of  water  quality
data.

Implementation  of  this  program  would  meet  program  objectives
including  those  for  optimization  of  resource  use.     Though  addi-
tional  costs  will  be  involved,  in-stream  impacts  will  be  defined
and  relationships  between  major  point  and  nonpoint  sources  will
be  identified.    This  will  provide  long-term  historical  data  base
required  for  realistic  water  quality  planning.    The  program
recognizes  the  fact  that  the  most  expensive  element  in  any  water
quality  monitoring  program  is  getting  personnel  to  the  field  to
collect  the  sample.    Utilizing  existing  municipal  personnel  will
greatly  reduce  overal  program  costs.
8.       Additional  Sources  of  Water

elements  to  determine
discharge  and  nonpoint

e  stream.

es  be  collected  by  munici-
asis.     This  should  provide

Qualit Data

Additional  sources  of  water  quality  data  which  should  be  incor-
porated  into  the  water  quality  monitoring  program  including:
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I.       Special  studies  conducted  by  the  COG  as  a  part  of
the  continuing  208  planning  program;

2.       Water  quality  data  from  ongoing  federal  and  state
programs ;

3.       Data  collected  by  municipalities  in  compliance  with
Federal  Safe  Drinking  Water  Actj

4.       Special  water  quality  and  hydrologic  studies  conducted
by  federal  and  state  agencies.

C.       Continuin 208  Water  Qualit Studies

Recognizing  that  inadequate  data  presently  exists  to  deal  with
many  nonpoint  sources  of  pollution   (Interim  WQMP  Report  Nos.   15,
19,   and  22) ,  recommendations  were  developed  during  the  initial
208  planning  process  to  conduct  additional  water  quality  manage-
ment  planning  efforts,  particularly  in  the  areas  of  urban  runoff
and  agricultural  pollution  control.    While  implementation  of  these
planning  projects  will  be  dependent  upon  future  federal  funding,
project  recommendations  included  development  of  additional  water
quality  sampling  information  as  a  part  of  the  planning  process.
Development  of  additional  information  on  urban  runoff ,  agricultural
pollution  control,   and  other  nonpoint  sources  should  enable  incor-
poration  of  valuable  data  into  the  water  quality  monitoring  prograln
for  the  Larimer-Weld  Region  and  result  in  a  better  understanding  of
the  impacts  of  these  nonpoint  Sources.

D.       OLng_Qing  Federal  and  State  Programs

The  Colorado  Department4 of  Health   (CDH)   and  the  U.S.   Geological
Survey  currently  conduct  water  quality  sampling  programs  in  the
area.     Data  from  these  prograins  should  be  incorporated  into  the
regional  water  quality  monitoring  program.     These  programs  should
be  analyzed  in  light  of  the  criteria  defined  in  this  section  and
recommendations   should  be  made  to  CDH  and  USGS  concerning  future
sampling  locations,   frequencies,   and  constituents.     The  Colorado
Department  of  Health  should  focus  its  efforts  on,   and  have  primary
responsibility  for,   sampling  and  analyzing  for  the  most  exotic
constituents  which  might  impact  beneficial  uses.

E.       Municipal  Water  Supply  Data

The  Federal  Safe  Drinking  Water  Act  requires  routine  sampling
of  all  "public  water  supplies"  as  defined  in  regulations  for
a  variety  of  constituents.     Since  many  of  the  major  communities
in  the  I.arimer-Weld  Region  receive  their  drinking  water  supplies
from  high-mountain  streams,   these  analyses  should  provide  a  good
indicator  of  the  conditions  of  those  streams  with  respect  to
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constituents  analyzed  and  provide  a  valuable  addition  to  the
water  quality  data  base  at  no  additional  cost  to  either  water
Suppliers  or  the  regional  water  quality  management  planning  agency.

A  number  of  communities  in  South  Weld  County  rely  on  9roundwater
supplies  from  the  South  Platte  aquifers  for  municipal  drinking
water.     These  communities  will  also  be  required  to  routinely
monitor  water  quality.    This  data  will  provide  an  excellent
indication  of  the  condition  of  these  aquifers  now  and  in  the
future,  and  should  be  incorporated  into  the monitoring  program.

F.       ±Ee±±±l  water  Quality_  and__ H¥drolog±g  g±±

U.S.   Geologic  Survey  conducts  special  hydrologic  and  water  quality
studies  in  selected  areas  throughout  the  United  States.    These
studies  have  occurred  in  the  region  in  the  past  and  in  all
probability  will  occur  in  the  future.    The  State  Division  of
Water  Resources  has  also  conducted  hydrologic  analyses  of  streams
and  groundwater  basins  in  the  region..    Proposed  USGS  programs
should  be  reviewed  for  compliance  with  regional  goals  and  objec-
tives,   and  appropriate  recommendations  made  to  USGS  for  program
modification  to  `ensure  compliance.     USGS  and  the  State  should  be
informed  of  the  water  quality  monitoring  activities  within.jthe  `
Larimer-Weld  Region  to  insure  efficiency  and  program  coordination.

G.       ±±±±±_±onal  Regional  Monitoring  Nes_d±

Some  additional  information  will  be  needed  which  will  not  be
provided  by  the  papicipal  and  industrial  sampling  program  or
related  programs.     This  includes  information  on  the  external
factors  affecting  water  quality.    The  South  Platte  River  and
the  St.  ,Vrain  River  enter  the  region  from  the  Dehver  metro-
politan  area.     Other  streams  such  as  the  Big  Thompson,  Little
Thompson  and  Cache  la  Poudre  have  their  headwaters  within  the
region.    External  factors  affecting  water  quality  in  the  South
Platte  could  be  monitored  upstream  of  the  Fort  Lupton  discharge.
The  St.   Vrain  River  should  be  monitored  below  the  Longmont
discharge  at  the  Boulder-Weld  County  line.     There  are  essentially
no  point  source  discharges  directly  impacting  the  St.  Vrain  River
in  the  I.arimer-Weld  Region.

On  the  Cache  la  Poudre  River,   a  regional  water  quality  monitoring
program  should  include  the  sampling  point  above  the  conf luence
of  the  North  Fork  River  and  at  the  mouth  of  the  canyon.     On  the
Big  Thompson  River,  water  quality  monitoring  stations  should  be
established  at  the  mouth  of  the  canyon  to  define  impacts  of  urban
development  between  Estes  Park  and  the  mouth  of  the  canyon.     One
way  to  implement  this  program  is  through  arrangements  with  USGS.

A  regional  program  should  also  include  analyses  on  the  South  Platte
pear  the  point  where  it  leaves  Weld  County.     A  Seasonal  analyses,I.e.,   once  every  three  months,   is  recommended  at  that  location.
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ELi.!  I    -

H.       Bioas§ays

A  regional  planning  program  should  include  bioassays  of  streams
to  determine  relationships between  water quality  and aquatic
life,  and  the  viability of various  forms  of aquatic  life,  given
the  hydrologic  and water ,quality  conditions  existing  in  the
regionrty    Background  data  exists  on  the  Penrdre  as  a  result  of
the  CSU  sampling  program.    This  program  should  be  continued  and
expanded  to other  streams  in  the  region.    Initially,  a  semi-
annual  sampling  program  should  be  conducted,  once  in  the  winter
and  once  in  the  surmler.    Specific  locations  on  the  S±.  Vrain,
Big  Thompson,  I-ittle  Thonipson  and  South  Plat±e  should  be  defined
for  sampling  folloiiinng  discussion with  Division  of Wildlife  per-
sonnel.    The  program  should  indicate  the  variety  of  species  found,
relative  numbers  and  weights  of  species  to  the  total,  and  general
condition  of  the  species  found.    Aquatic  invertebrates  also  should
be  saxpled.    This  program  should  be  a  joint  regional-state
responsibility.
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FEB  141`j, ,.
AI)DITloNAL  ooMMENTs   BT  pRTm  DouDonoFF  iro  THE  coLaRAI]o  .wATm  QUAI,ITI

comoL  cOMMlsslon  REaAnDlro  moposED  RETlsloN  or  rl{E  ooLonADo  srAPE

RATE. QUAI,ITT  sTANDARDs  Arm  sTRmM  cLusslFlcATlon  srsT"

As  a  part  of  ny  verbal  testlnony  given  on  Febnrary  6.   1978,  at  the  prbllc  hear-
ing  in  I)envor  cone.rnin€  the  above  mtter.   I  T}re8ented  to  th.  Water  Qunllty  Control
Commi8§ion  a  8uggo§tion  to  be  considered  Should  the  Cormi891on  favor  adoption  for
8tatewlde  use  a8  regulatory  8tandarda  all  or  no8t  of  the  nany  rmtirical  crlterla  of
water  quality  that  were  being  disou88ed.    According  to  ny  nota8.   the  loraing  of  my
prooosal,   in  uhlch  Colml8aion  nomber.  ap"irontly  vere  lntero3ted.  ra8  nearly  thl8:

''It   ehould  b®  ®xpr®8.ly  fltated  and  under8tood  that   lt   ig  not  the  Comlc81on'8
intent  and  turpoae  to  regard  vlolatlon  of  a  rat®r  qunllty  Standard  as  bolng  ty
its.1f  8ufflciezit  evidence  of  inpalrnent  or  ro8trlction  of  any  rater  u8o.  that  la.
of actual  oollutloa.   or  a  sufflclont  to81s  for  enforc.nont  action.    Regular  monitor-
1ng  of  all  @trean8  for  t}os81blo  vlolatlon  of  some  8ij[ty  or  noro  Such  atandard8  18
quite  unnece8Sar"    However,  when  there  18  other  reliatile   (that   ls.   sclentlflc).
ilid.pendent  oviaenc.  of  u"iccoptatil.  damge  to  aquatic  ro8ource  valuo8  or  uoea  of
Water.  dononatration  of  Tiolatlon  of  an  appllcatile  Standard  can  be  corrot)oratlng
oviaence  greatly  facllitatlng  onforcen®nt  action.    A  dl8charger  can  then  bo  roqulrod
to  Show  cauee  vtry  he  8hould  not  b®  I.®qulred  to  De®t   the  8tendard  end  to  do  necegBery
monltorlng  to  d®non®trate  compllanc®."

I  now  see  a  need  for  8omo  lnproven®nt   or  chrifvlng  correction  of  the  wording.
of  that  8om.what  hastily  T]roperod  Statement   of  ny  proposal.     I  have,   thoreforo,
r®vi®®d  lt   to  road  as  follou8:

"  could  be  ezpre€€ly  .toted  that  lt  18  not  the  Corml8sion'81ntentlon  alveye
or  usually  to  regard  a  violatlo.i  of  a  unter  a.tnllty  standard  as  ti.1ng  I)y  lt8elf
§ufflcient  avla.nee  of  lxpairmont  or  re8trlctlon  of  a  boneflclal  uao  of  vcttor.   that
18Lof  actual  pollution.  or  a  8ufflciont  reason  for  .nforcomont  action.    Oon8tant
nonitorlng  of  all  .ater8  po88lbly affected  ty  humn actlvltleg  to  detect  vlolatlonB
of  any  of a8  may  aa  slJ[ty  or  more  appllcabl.  standards  i§  uunec.ssary  and  i8  not
po88ible.     However,  when  there  18  other.   more  rollatile.   gcientlfic  ovlaence  of un-
accet)table  damns.  to  an  aquatic  ro8Charco  or  a  a.a  of  voter.   th.  aonon8tration  of  a
violat,ion  of  one  or  noro  of  the  appllcatilo  standard.  can  bo  corroborating  evidence
facllitatlng  the  onforcer.ant  of  pollution  control  lay.    Whonovor  there  18  Such  ln-
dependent  .vidence  of  o.llutlon.   thoa.  aenonstrably  contributing  to  violation  of  the
8tandard8  can  be  rea6ombly  asked  to  Show  Gauge  .ky  they  ahoula  not  be  roquirea  to
no.t   the  otandarda  and  to  und.rta<kd  nonitoring  noce6aary  to  domon8trate  cont>11ance."

The  mln  reason  for  the  aue'ndnent  18  that   I  rant  to  mke  it  clear  that  ny
F,ngg.stlon  rag  not  meant  to  Tiertaln  to  .vary  prapoo.a  .ater  quality  stand,ard.    rhero
can  t)a  entirely  juatlflablo  ckd'optlon..   Ouch  aa  bacterlologlcal  8tandara8  and  gone
chenlcal  8tandf.raa  doalgned  f'pr  th.  protection  of  humn  hoalth.     I  had  ln  nlnd
chlofly  the  nany  highly  ro8trlctive  I)roT]o8.a  ataadp.rag  for  the  protection  of  aquntlc
llfo.  whose  etatevlde  apt>11cablllty  c®rtalnly  can  b®  g®rlouely  quefitlon®d.

I  hope  that   I  have  already  mde  lt  clear  enough  that  I  am  not  aavocatlng  and
do  not  approve  the  adoption  of  the  may  propoood  numerical  standards  for  8tatewide
regulatory  apt)llcation.    Ihe  'lmhoors"  1n  quoatlon  pertaining  to  tho  protection  of
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aquatic  11\fo{ are  not  uniformly  rellabl®  and  approprlat®  to  all  tr.a  voters  of  Colorado
to  which  they  vould  apT>ly.     Some  of  them  may  be  quite  lndef®nBlbl®.  as  ls   Buroly  the
llnlt  for  the  c6ncentratlon  of  total  cyanide  taken  from  the U.S.  Envlrormental  Pro-
tectlon Ag®ncy's  prbllcatlon  ''QAiality  Orlt®rla ,for  Vater'',   the  ao-called  ''Red  Bookl'
(EPA-111}O/9-76-023.  July  1976).  which  I  have  dlqcu88ed  rather  fully.     Oth®rB  are
®vld®titly  but  umvoldably  unrollabl®.   or  of  dou'btful  valldlty.  for  knowzi  rea8ono:
Still  oth®r8  may  bo  r®11ablo  enough  but  not  very  ug®ful  becouae  of  analytical  dlffl-
culti®8.     Therefore.   I  boliove  that  they  ctin  best  b®  adopted  (with  Some  changes)  for
8tatewld®  uo®  only  ag  crlterla  or  ''guldoline3]'   that  can  bo  helpful  ln  the  cholc®  or
formlatlon  of  regulator,v  gtandardB  for  lndivldunl  water  bodl®9  or  8troam  8eg7aentg.
or  perhlps  for  all  81nllar  watorg  of  certain  regions  or  parts  of  the  State.    Hy
e\1gg®@tion  quoted  above  veg  admnced  ozLly  a8  a  po€'gible  compromle.  between  wl.d®ly
dlff®rent  propo8ale  conc®rnltig  ua®  of  the  niinb®re  under  con8Ld®ration.

Tory  dlff®ront  cater  qufility  crlt®rla  and  gtandarde  can  be  Dost  approprlat®  to
different  vetore  and  to  dlff®rent  «1ev®18  of  protectlontl  of  th®1r  beneflclal u8®B
(that   18,   to  dlff®r®nt  d®gr®es   of  impalrm®at  or  rl®k  of  impalrmont  of  tho8®  uBoo
Judged  accept,able),   g®lect®d  on  the  baslg  of  8ocio-economic  con81deratlona.     It  Would
be  quito  unrea8onabl®  to  app].y  the  8am®  8tandard3  fur  protection  of  aquatic  11f®  1n
the  unt®r8  of  prlm®  r®cr®atlon&l  ar€a8  or  tho8®  on  whose  productivity  major  Sport
or  commercial  fl8h®rl®®  of  great   economic  lmpo=tance  d®p®nd.  and  lrater8   Of  den881y
populateil  and  highly  lndugtrlall8®d  reglon8  vh®re  sport  fl8h®rios  ®]tlst. and  need  to
be  I)rotoctcd  to  Some  ®xtont  but,  are  Of  relatively  minor  1`Iioortance  ®conomlcally and
oth®rwlB®.     I  `rant  to  roafflrm  ny  8apoort  for  cineBlficatlon  of  aquntlc  habitats  that
lndlcat®s  or  ltrpll®8  recognltlon  of  th®®®  fact®.    Unfortunately.   the.oregent  doflnl-
tlone  of  th.  propoe®d  clas8®s  of aquatic  habltatg  of  Colorado  are  riot  rLoarly  clear
etioLlgh.     It   18  not  at  all  clear  wh®th®r  Om€8  I  and  Cla38  2  habltatB  are  to  b®  dl®-
t.lng`1i8h6d  with  r®f®r®nc®  to  ti®rtinent   soclo-economic  con®1d®ratlons  (1.®..   to  onter
quaLllty  control  cost-ben®flt  ratios).   or  only  oa  the  ba®18  of  th®1r  8uppooad  natur|al
T>roT)ortle8  --characteriatlcs   often  no  longer  r®11ebly  d®t®rmlnabl®.     I  b®11®vo  that
the  r®1ovanc®  of  soclo-oconomlc  con®1doratlon®  to  the  a®€1grm®nt   of  aqqutlc  habltat8
to  the  dlffer®nt.  proT>os®d  clag8®8   (1ncludlng  the  di8tinction  betve®n  Closg®81  and
2)   Should  b®  fully  r®cognlz®d  and  clearly  lndlcat®d.     I  also  b®11®vo  that  the  rmt}®r
cf  r®cognlt®d  clasee€  of  aquatic  habltat8  could  Well  bo  groat®r.  end  c®i`tainly  8houla
not  be  Bmller.   than  thfi  propog®d  number  (thr®®).  and  that  the  proposed  trator  cin8B1-
flcatlon  8.vatem  could  be  profitably  ®pended  to  provld®  for  at  loagt  t'*o  to  four
cliff.r®nt  l®v®18  of  protection  for  each  naj-or  b®n®flcial  use  of  siirfac®  cater8.    Each
Of  the  utloo  Can  be  con®1d®r®d  8eparat®1y  ln  cla881fylng  the  water®.   8o  that  a  given
Water  can  be  a881gn®d  to  a  high  class  for  one  ug®  and  a  low  class  for  another  use,
the  asglgrment  d®p®ndlng  no8tly  on  the  r®latlv®  lmportanc®  of  the  u3®B.

For  further  clarlficatlon  of  ny'  ldoas.   exT>1.os9®d  above.  concerning  1®v®18  of
t}rotection  of  lrat®r  uge8  and  use  eke.9glflcation  bf  vat®r8.   I  Want  to  I.efer  the  Com-
nls81on  to  the  ]'Oen®ral  I)18cu991on  and  Prac.tlca-I  Recorm®ndatiozLB"   Section   (pp.   250-
275,  and  e8pocially  the  gut)8®ctlon  on  pp.   255-262)   of  the  treatise  on  ''I}ig8olved
Oxygen  Requirem€nta  of  Fr®8hwaLter  Fishe8'l  by-P.` Doudoroff  and  I).   I.  Shunway  (rA0
Figherle8  T®chnlcal  taper  No.   86,  Food  and` Agricthlturo  Organllatlofl  of  the  United
Natlon8.  Home.1970).  and   the  chapter  on  "Water  Qimllty  Standard®  and  Water  U®9
Clasglflcatlon''   (pp.   15-23)   of  the  book  ''Blology  and  Water  Pollut,ion  Control"  I)y
a.  E.  Warren.1n  colhaboratlon  with  P.  Doudoroff   (W.  a.  Saundorc  Co..  Philadel.phla.
19?I.  xvi  +  1134  T]p.).    Oapl®8   of  thl8  prbll.Shed  mt®rlal  have  been  or  can  be  pro-
vided  to  the  Commlsalon.
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I  want  to  Say  again.  also.   that  ln  ny  ot>1nion  the  untor  qunllty  crl+,aria  or
8tandrras  that  have  boon  proposed  for  Cla88  1  and  Ohs8  2  aquntlc  habitats  are  too
often  unjuatlflably  the  9amo.    rhe  ai8aolved  o]rygon  and  pll  9tandarao  are  nocablo
o][amplos.    Iho  dl.aolvod  oryg.,n  and  pH  crltorla  pertalnlng  to  four  dlfforant  lev.la
of  protoctlon  of  fr.8hvator  aquatic  llfo  that  havo  boon  rocomnondaa  ty  the  Oormltteo
on  Water  Qunllty  Orltorla  of  the  Envlrormental  Studlo8  Board,  mtioml Acaaeny  of
Sclenc.a  and  mtlonail  Acadeny  of  Englneorlng.   In  the  p`ibllcation  "Wa¢er  Quality  Crl-
toria,   1972''.   the  8o-called  ''Bluo  Book"   (EPA-n3-73-033.  U.S.  Envirormental  Protoctlon
Agenc*  Washlngtoa.   D.C..1973.  ][11  +  5qu  pp.).  are  docldealy  different   one  from  an-
other.     I  can  8.e  no  Sound  reason  vhy  Olas8  I  and  Olasg  2  aque.tic  habitat  criteria
or  standards  8houild  be  differ.nt  when  thor  are  limits  of  concentration  of  each  of
a  nunber  of  toxic  motala.  but  not  wh.n  th.y  ar.1lnlt@  of  diasolv.a  oJ[ygen  concantra-
tlon  or  pH.   or  of  concontratlons  of  mn}.  toj[1canta  other  than  the  above-mentioned
metals.     It  should  be  noted  that  thoro  are  wld.  mtural  variatloaa  of  th.  al88olved
o]iygon  cant.nt  and  pH  of  Surface  ratera.  as  wall  as  of  th.1r  metal  content.  and  that
these  varlacion8  can  mrkoaly  lnfluonco  the  composition  of  aq`iatlc  anlml  and  plant
counnlti.a  and  th.  VAi.iety  of  orgalilom8  oi.agent.    Lack  of  mterl,|l  mtural  variation
otivioualy  cannot  ba  the  ren8on  Why  tho  sane  llmlta  of  dl3Bolvea  ox]/gen  reduction  and
of  pH  w.re  propoaod  for  Olas81  and  Ola88  2  ha,bitat8.     rhl8  does  not  rake  good  8on8e
in  ny  oplnlon.    Crlterla  or  standaraa  of  mater  qua.1lty  for  the  two  habitat  claa8e8  1n
question  Should  bo  cliff.rent  in  most  ln8tanc.s  (i.e..  for  no8t  or  nearly  all  pars-
net®rB).     Then  they  are  not  dlffor®nt.   they  evld®ntly  Bhould  bo  recon81dor®d.

My  lnprosSlon  18  that   the  propos.d  atandardB  have  b.on  a88emblod  and  my  tio
adopted  b.v  the  Oorml8aion  tiomouhat  too  haBtlly.  without  bonofit  of  sufflciont  .xpert
aavico.   onongh  deteto.   otc.    Rocently  the  Illinois  Polhation  Control  Board  held  oom.
exton8lvo  hoarlnga.   in  which  I  TnrtlclTnted.   concerning  proposetl  revl81on  of  th.
St,ate's  rat.I  acollty  and  offluent  8tandaraa  or  roenlaLtlon811nlting  cyunld.  concon-
¢rations  onlH    Portln.nt  c*port  to8tlnony.  higli|y  technical  in  nature.  Was  taken  aLnd
the  nunercufl  vltno88e8  voro  thoroughly  exanlnoa  for  8evoral  da"  arid  "ch  propara-
torH   technical  work  (Study  of  data.   otco)  mag  dons  ty  participrnt81n  the  hca.rlng@
(leading  oJ[ports  like  ny8olf)  during  lntorvenlng  nonth8.     The  contrast  between  tho8o
procoedlngs  and  the  mnnor  ln  vhlch  th.  aaoptlon  of  a  groat  mrmber  of  new  Water  qunl-
it}.  standards   iB  now  being  conoldorod.  apnlrontl,v.   in  Ooloraao  i8  gtrlkln6..     I  am  not
at  all  convinced  that  moat  of  thg  effort  expend.a  on  recon8idoratlon  of  the  Illlnoio
cyanldo  r.gulatlona  ffag  not  wast.a:   I  beliove  that   lt  was.  for  the  outcome  Was  not.
in  ny  oplnlon.   8atiafactory.    But  I  also  tiollevo  that  th.  large  8ot  of  propo8.a  water
qunllty  6tandarag  for  Oolomao.  which  ao  not  all  8oom  to  bo  entirely  Sound  and  con-
81stent.   and   €omo   cf  which  ®vid®ntly  are  ba8®d  entlroly  or.  reco"m®nd®d  crlterlo  art.d
other  lnformtion  obtained  fran  a  so`jLrce  (or  Sources)  a8  urmut,horitatlve  and  unreli-
Bble  as  th.  U.S.   Envirormontal  Protection Agency'a   ''Red  Book".1s  not  yet  ready  for
adoption  by  the  Water  Quk`lity  Control  Oomml88ion.     I  rogp®ctfully  aavl8e  caution.
more  study.  and  more  conoultatlon  *.1th  c*pert8  whose  tacterounds  of  tralnlng  and
®xp®rl®nce  are  sufflclently  varl®d.

`   Thank  you.
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\CLOSING   REMARKS--AN   OLD    FROG   CROAKS   AN   APPEAL    FOR    LOGIC

P.   Doudoroff
Department  of  Fisheri.es   and  Wildlife

oregon  State  Uni.Versity
Corvalli.s,  `Oregon   97331

First,   I  want  to  express  to  the  sponsors-the  Department  of  Fi.sheri.es
and  Wildlife  of  Oregon  State  University  and  the   Uni.ted  States   Environmental
Protectl.on  Agency--ny  deep  appreciati.on  of:the  hoflor  that  hats   been  accorded
me  dy  the  dedication  of  this   symposium.     To  the   head  of  ny  department.   Dr.
Richard  Tubb.  who  conceived  this  means  of  recogniti.on  of  ny  services  to  the
department  and  my  profession  and  who  has  worked  diligently  toward  its  `success-
ful   realization  as  a  very  special   and  nemorab]e  occasion  at  the  tine  of  ny
retirement,   and  also   to  Mrs.   Alma  Rogers.   who  assisted  him  with  the  arrange-
ments.   go  my  particular  thanks.     Also.   to  all   the  parti.cipants  who   have   taken
the  trouble  to  preper\e  papers  for  p\resentation  here--contributions  that  ,have
been  of  great  interest  to  me-ndnd  all   those  who  have  trav`eled  long  di.staJ]ces
to  attend  this  symposi`um  or  have  wri.tten  to  pe  to  extend  their  g'reetings.   I
am  truly  grateful.     The  cosponsorship  of  the  symposium  dy  EPA  is   signally
gratl.tying  to  me.     Though  never  an  employee  of  EPA,--sonetines  even   its
opponent  i.n  adversary  proceedings--I  have  felt  since  its  i.nception  as  though
I  were  a   kin'd  of  honorary  member.     fry  many  years  as  a  \water  ,pollution   biolo-
gist  wi.th   the  U.S.   Public   Health  Service  and   the  encouraging  support  and  many
courtesies  extended  to  ne  ty  ny  former  associates  and  other  friends   in  EPA
laboratories.  and  dy  the  A
affinity  or  fellows,h].p,  al

ency,   have  generated  thi.s  special   feeling  `of
oug±   I   rEtired  core  than  11   yeLars  ago  f`iom  the

federal   govermnent.     To  A.   F.    (
Clarence  Tarzwell   (re€e,ntly  ret
Connecti.on.

Fritz)  Bartsch®   to  Donald-taunt,-and  to
ired),  I  am  particularly  indebted  in  this

Because   I.  have  some  highly  critical   remar,ks   to  make  today  about  one
particular  EPA  publicati.on.   I  want  to  make  it  very  clear  that  I   have  great
respect  for  ny  many  congetent  land  dedicated  icolleagues   in  IPA  and  for  their
notable   research  accomplishments.     In  no  may  can   I   hold  them  responsible
for  the  defects  of  the  report  in  question®  and  I  wish  to  fault  nobody  except
its   anonynrous  authors   in  the  Criteri.a   and  St-andards  Di.vision,   Office  of  Water
Planning  and  Standards.     I  well   realize  ttlat  in  our  overgro`m  .federal
bureaucracy,  ronster  agencies  such  as  IPA  can  be  many-headed   like   Hydra,
with  one   head  often  tnot  knowing  what  another  one   knows,   does,  or  thi.nks®   and
\not  bothering  to  ask  ®r  to  listen  c`arefu-1ly.     I   am  sure   that  soine  of  ny
fri.ends   in  I,P,A  are  or  will   be  as  unhapny  as   I  am  in.th  some  ,of  their
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tion  became  a  well-respected.   well-funded.   enthusiastically  acclaimed
r\f    ^nA-,"--            I_I_.._.._-_        ,     -__   _

organization's   products.   the  quality  of  which   they  had   no   power   to   control.
They   may  welcome   ny  sayi.ng  nrore  emphaticaHy   than   they  mould   rant   to   say  what
they   too   have   been   thi.nki.ng.

What  have  been  ny  thoughts  concerning  ny  career  as   the   ti.me   of  ny`
retirement  approached?     Naturally,   I  wl.sh   that  ny  contributions   to  water
pollution   biology  and  envi.ronnental   protection  were   as   important  and   in flu-
ential   as   some  of  ny  fri.ends   have   tried   to  assure  ne   they  have   been.\    Long
ago,   I   believed   that   they  mould  be.      I   started  out  as  a   smaHi.sh   frog   in   a
11.ttle   pond  disdained  and   shunned   dy   smarter   frogs.      It  was   the  early  40's.
when  water   pollution  control   was  prl.mitl.ve  and   my  colleagues   who   vere   making
significant  contm.buti.ons   to  water  pollution   biology  in   the   Uni.ted  States
could   be  coimted   on   the   fi.ngers  of  ny  hands,   or  even   on   one   hand.      One   did
not  have   to  be  great   to   be  one  of  the   top  frogs   in  ny  unattractive   puddle.
try  early  efforts   to  refi.ne  and  standardize  toxi.city  bioassays  and  to  promote
their  use   i'n  waste  disposal   control   seemed  weH   rorthwhi]e  and  were   soon
widely  approved.     Although   I   di.d  little  rare   than  expedite   inevitable

S;y:1:g#:€:;.a:!eagi8:ip;::dg:g#S;?:g?f,iSec:::?grin::8jg*°:SS:¥chne#°#ejn

:i:#:ii;Va:!i!i:d':£:::i#::t:ns:::fig:due?n:nm¥n8::,f?:#:::ee:fe:t:ew[SLg3:§'
from  Cinci.nnati   to   Corvallis   in   1953  at   Professor  R.   E.   Dimick's   invitation.
I   was   to   develop,   with   Charles   Warren   and   others,   an   OSU-PHS  .cooperative
research  program.     As  our  joint   research   facilities   and   staff  grew  and
I.mproved   rapi.dly.   the  opportunl.ties   to  make   important   contributions   seemed
greatly  enhanced.     The   need   for  a  irore   aggressi.ve  attack  on  water  pollution
was  evl.dently  being   recognized.      I   thought   that   a   rati.onal   plan  of  develop-
ment  of  our  pertinent--although  admittedly  still   very  limited--ecolog].cal,
chemical.   and   toxicological   knowledge,   and   an   equally   rati.onal   system  of   its
regulatory  application  would   soon   be   designed  and   agreed   upon   dy  those   I.n
charge  of  -the  effort.      I  was  eager  and   ready  to   be  one  of  those  leadl.ng   the
way,   proud  of 'our  expanding   laboratory  complex   here,   which   became  a   little
Mecca   for   the  S`ti.11    small   number  of  water  pollution   biologists.      But   then
came   the   flood.   the   unprecedented   rapi.d  expansion   in   the  middle   to   late   60's,
of  environmental   protection   activities   in  our  country.      I   had   become   a   bigger
frog   in   a   pond   somewhat   enlarged   dy   some   busy   beavers,   but  ny  pond   now
suddenly  became  a   large   lake.   whose  often   turbulent   waters   nere   soon   invaded.
by   frogs   comi.ng   from  many  other  pools   with   aH   kinds   of  conflicting  opinions.
try   influence   there   consequently  waned;   it   is   now  almost   negligible,   in   spi.te
of  ny  conti.nued,~  soneti.mes   franti.c  activity.

Impressed  wl.th   signs   of  ny   apparent   success   and   1.mportance,   such   as   the
extent  of  ny  travel   and   the  size  of  ny  consulting   fees,   1.n   recent  years   my
late   brother  Mi.chael,   the   distinguished  microbiologist,   mas   no   longer   caHing
me   a   "sewage  work`err      (`This   appellation   he   had   gleefully  assigned   to   ne   long
ago  when   he   found   ne  perusing   the   Sewage   Works   Journal ,   an   early   predecessor
of  tne  Journal   of  the  Water  Polluti.on   Control    Federation.)     Environmental

JL_,   _  ._        \       _

-'..___,     -''-''-.'`.`J\,I\,\+,  |J'    ullltl  'll't=u
of  endeavor.      However,.  I   was-not   very   pleased,   for   its   too   rapi.d,   almost
-A -,.- Ill__-__i    L_  _    ___  ,     , .     ,   _  ______,      '_'       ''`,     '`,`,     ,t*t,'u,     (|l„UJchaotic   development   has  not  been   conducive     to   careful   discrimination   between

fact  and  fancy.   right  and  wrong,   sense  and   nonsense.      Now   that  my  pretensl.on
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of  outstandi.ng  intellectual   leadership  can`  no   longer  be  maintai.ned.   I   am  just
another  frog  contn.buting  to  a  discordant  chorus  dy  croaking  ny  discontent.
Wow  is   a  good  time  for  me  to  reti.re  conpletely  from  the  frajl     But.   speaking
out  on  controversial   issues   in  defense  of  rational   pos].tioms.  ro  nratter  how
futile  it  may  be.   is  a  ha'bi.I  diffic,ult  for'me  to  Break.

What  future  do  I  "  see  for  aquatic  toxicologists  and  aquatic  biologists
in  general   in  the  fi.eld  of  water  pollution  control?    I  must  say  frankly  that
I  am  not   very  optimistl.c.     I  see  much  bitter  di.`sappointnent  and  frustration
for  those  competent,   dedicated.  and  perceptive  investigators  who.like  nyself.
would  like  to  See  the  results  of  their  research  promptly  and  intelligently
applied  dy  the  regulatory  agencies.     I  see  continued  expenditure  of  much
talent.  nroney`.   and  effort  on  research  of  high  quality  that  leads  to  no
visi.b]e,   practical   benefits.  except  perhaps.  in   the  distant  future.     We  can
hope,  of  cours`e.   that  some  day  things  will   be  different.   the  administration
of  environmental   protection  laws  will   become  entirely  national  and  truly
scientific.   and  tncompetence.   superficiality,  and  ch.sregard  for  the  e]emen-
tary  principles  of  logic   in  the  appli.cation  of  our  re`search  re§u]ts  in.11   no
longer  be  tolerated.     Encouraged. `by  this  hope.   or  siapl.y  driv.en  by  intellec-
tual   curiosity,  many  of  ny  younger  collungues  doifetless  will   continue  to
exert  their  best  efforts  ].n  seeki.ng  to  advance  knowledge  I.n  tour  fiel`d.     But
the   value  of  their  nDst  significant  factual   contributitons  and  nDst  pregnam`t
new  ideas--even  ideas  that  atre  not  ve,ry  profound  or  difficult  to  understand--
they  should  not  `expect  to  be  soon  `recognized  \exeept  dy  a  small   nu'mber  of

€?::ei i:::1 :i::yjnE:g:gj ::s r::e;#:`:i  tg::g gi:TrT9bE::g::a:#  }!::sagg#: :±]r;-
have  a  direct  beaLr].mg  wi."  ,be  i+nflueneed  and  adjtusted  `correctly  to  reflect
the  new  whowledge.

Why  do  I  `hold   this  pessi.mistic  iyi.lew?     Wello   1e{t  me  give  an  example   of
the  ikinds  of  frustration  that  I  bave  necent]y  ,experienced.    fry  disappointmen't
wa's  not   uniqueD  but  it  was  somewhat  mre  distresrsimg  and  hurm.]iating  than  rest
of  the  others  <of  1.ts  ki.nd.     And.  i±  should  be   remembered  that  I  am  far  from
being  a  beginner  in  ny  field:  ny  views  and  contr].bu.tion  sthould  rot  be  quite
as  easily  ignored  as  those  of  numero\us younge'r  co]]eagues.

Last  ronth.  I  exami[ned  a  new  publication  just  released  dy  IPA
_ ._ ___  ._  i  _  1       4\           ,             ,   ,4                ..IEnvironmental   Protection  Agency  ]976},  a  510Tp;i: -da;L=;3-8;€i€.i:.a  '.Qu;1ity

Criteria   for  \Water".   a  copy  of  which  had  kindly  been   Supplied  to   me.      Its
perusal   in  part  left  Tine  qui.te  shaken.     The  foinula,tion  of  sound  \water  quality
criteria  pertainiing  to  the  protection  of ,aquatic  life  and  fi.`she,ripes  has  been
ny  pre`dominant  imtemest  or  objective  during  'frost  `of  the  last  35  years.     ``With
that  .end   in  view,   I  tia\ve  done  much  thi,.hki+ng  and  `ha¥ve  conducted   citntensive
`\experimenta.I   and  1 ite'rature  res@a.rcwh  in<  the  to.xicology  'of  the  simple  and
complex  `eya`nides®   the  dissol ved  oxygen` I.equi.`renents  <of  fishes.  and  other  such
matters.     Naturally,  I  Want  to  rfuow  to  ,what  extent  the  water  quality  cH.teria
being  proposed  or  used  i.n  meter  poll`ution.`corrtrol   and  the  `current  regulatory
piractices  are  being  influenced  ,dy  ny  e`ffor{ts  and  recommendations.     So,   it  mas
with  much  into,/rest  that  I   began  to  eramine  t`he  document  presenting  \mater
quali.ty  criteria  now  ben.ng  recomerided  dy  'EPA.   that  pDre`.rful   \gotvernment
ageney  changed  wi.th  the  edmitiist`rat].onof fede'ra]   meter  pollution  control
1 _ _I - 1  _ i _. _ -_1etgislati`on.
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First,   I   looked  at   the   section   dealing  with   eyanides.     As   some   of  you
know,   I   have   been   able   to   deronstrate  quite   conclusively.   with   the   invaluable
assi.stance  of  student  and   faculty  colleagues,   that   the   "total   cyani.de"   con-
centratl.on   I.n  water  containing  complex  cyanides   is   toxi.cologically  alrost

T;;: ;Tg' :;:  i::¥:?:;f:o 1 :i::g#,u::rg::.e#:,C:, a:I :::::i.Se:o;;:6€y::¥:: roff
solutions  with   total   cyanide   concentrations   as   low  as   1   or  2  mg/1   or  less   is
determi.ned  entirely.  or  almost  entirely,   by  the   concentrations  of  free

fi¥fi:'dsh?:.ref::i:::`::.;`i:'|¥:a?,fymat}::u::rt{:n:::?:i:;)ofy£::;ya#::ig:n.
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present   as  HCN.   the   mare   toxl.c  of  the   two   forms   of  free   cyanide   (i.e.,   nrore
toxic   than   the  CN-ion),   therefore.   the   distinction   between   HCN   and   free
cyanide   is  of  little   practical   importance.     The   level   of  one   can   be  easily
calculated   from  that  of  the  other  when   the   pH   is   known.      Undissociated
meta]1ocyanide   complex   ani.ons,   which   can   be  much   rare   abundant   than   free
cyanide   in  cyanide-bean.ng  wastes  and  polluted  waters,   are  much   less   toxic
than  HCN.   or  virtually  nontoxic.      For  these   reasons,   it   seemed  obvious   to
me  that  an  entirely  sound.  ,basic.   chemical   water  quality  criterion   pertaini.ng
to   the  suitability  of  eyanl.de-polluted  waters  for  aquatic   life  has   to   be
expressed   as   a   concentratl.on  of  free   cyanide  or  of  rrolecular  HCN,   and   not  of
total   cyanide.     A   rell.able  and   sensi.ti.ve   chemical   analytical   method   that
distinguishes   between   the   hl.ghly  toxic   and   relati.vely  harmless   or  toxicolog-
ically   inactive   forms  of  cyanl.de  clearly  was   needed,   I   told  my  colleagues
long   ago.     Largely  because   of  ny  early  findings  and   urging,   several   quite
satisfactory  methods   for  determi.nati.on   of  meTecular  HCN   have   been   developed

;I;:#::i:;::i;g:i:!i::i::;:i:;i:T!:ii:i;i,i;c:!i!::im:::::::::.i;i;i::
used   in   confirming   the   toxicological   conclusl.ons   stated   above.     Thus,   through
intensive   research,   the   technical   problem  to  which   I   had   addressed   nyself  was
essentially  solved,   and   I   was   very  well   pleased   indeed  with   the   accomplish-
ment,   which  seemed   to   call   and   point   the  way  for  much  nrore   research  of  the
sane   general   kind.

But  what   did   I   fi.nd   in   the   EPA   report?     I   found   that   the   great  toxici.ty
of  HCN   is   duly  noted,   as   is   the   fact  that  the   rati.o  of  How   to  total   eyanide
in  waters   polluted  with   eyanides   is   highly   variable.   dependi.ng   not  only  on
the   nature  of  the   cyanide   compounds   introduced   but  also   on   the   pH,   iHumina-
tion,   and  other  conditions.      In   addition,   I   found   thi.s   poorly  rorded   but
nevertheless   devastating   statement   (p.    132):      "Since   such   chemi.cal   and   physi-
cal   conditi.ons  will   dictate   the  form  of  cyanide,   the   cyanide   criteria   must   be

:33:g, :n ;::o:3T::T;:a:i,:;a:fd#c:%:#ofr:;:T€ :: ;h:gy:t,5:,oj;m£FTs js
recommended  as  a  criterion   for  aquatic   11.fe  without   specifying   that   this
anrount  of  cyani.de   must   be  free  or  present   as   molecular  HCN.

repor:st#:rkq::::dj:o:a:¥:::Tyaj::g{::;  ::::  n3pg#:::]¥6  #:t;#h3:sd:fe;ge
their  assertion.  although   it   flatly  contradicts   the   published   recommendation
of  the  'National   Acadeny  of  Sciences   and   Nati.onal   Acadeny  of  Engi.neering
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(1973),  which   I   helped   to   prepare.     Well,   if  that  conclusion   is   accepted  as
reasonable,   then   corresponding, conclusions   Surely  must   be  reached  also  with
respect   to  arrmnia,   sulfides.   heavy  metals.   and  other  toxicants.     It  i.s  well
known   that   the   ratios  of  highly  toxic   lrolecular   (un-ionized)   all]nronia   and
hydrogen  sulfide  to  total   amonia  and  total   sulfide.   respectively.   in  polluted
waters   vary  widely.   depending  on  such  factors   as   pH.   temperature.   and   ionic
strength,   and  that  their  variation  is  toxicologl.cally  important.     Thus,   if
the  EPA  authors  were  at  all   consistent  in  applying  the  questionable  reasoning
on  which   the  statement  quoted  above   is   based.   they  should  certainly  have
concluded  that,.   si.nce  Chemi.cal   and  physical   conditions   dictate  the   forms  of
armonl.a   and  sulfide.   the   amronia  and  sulfide   criteria  must  be  based  on   the
concentrations  of  total   atrmonia  and  sulfide  present  inifiJ meter.     But  what
actually  are   the  afiffi6fiTa   and  sulfide  criteria   recomended   by  them?    The
rrl.+arinn    fhr   amn^ni]    /n      lc\    :-A   A.   __J|    _I   ._._    _._     ....criterion   for  amonia   (p.   16)   is  0.02  mg/l
I_  _  I_  _   .total   armronia,   for  whl.ch   no   11.nit   is  proposed

\--\      -         __            ._           _
(p.   410)   is   2-ug/1   of  undissoci;ted
solved   sulfi.de).      Evid

of  un-ionized  armionia

S   Only
ently.   the  auth6rs  conc

only   (not
and  the  sulfide  cri.terion
t  total   sulfide  or  total   di.s-

uded  that,   since  chemical   and
physical   conditions   di.ctate   the   forms  of  ammonia   and   sulfide.   the   ammonia   and

::i;:d:i::::::i;ngrsthtebie::S;gr#u,th:rc°#::?::]t;0::n::x¥'erfe:la:n8His3n€o#3:

What  can  be  the  reason  for  the  obvious   inconsistency?    There  can   hal.dly
be  any  nice,   logical   justification.     The  only  explanation  that  I  can  suggest,
other  than  sheer.   negligent  incompetence` or  dishonesty  of  the  authors.   is
that   logic  has  gone  out  of  style  and  consistency  is  no  longer  highly  valued
in  our  field  of  environmental   protection.     Now,   appeals   to  erotion  and

_,,. _    _ i,     __r r _-'  .  _      __     -..- I, ,I,,,    a*,,|J
judice  prevail   all   too  ofteh  over  sound  arguments.   and  a  host  of  confused
erts"   have  sprung  up  almost  overnight  lik€  mushrooms.      Immutable   laws  of

_      _  __---`   _-`-`-`            --`1.,\1,\*1,1  -       ,+^\,+,     \J  I
chemistry  and  ptrysics  dictate  the  tran;mutations  of  eyanide  and  aiilronia,   but
the  choice  of  the  water  quality  criteria  evidently  has  been  dictated  only  dy
whim  or  caprice.     Capriciously,   the  results  of  thorough.   painstaking  research
into   the   toxicology  of  the  complex  metallocyanides  and  careful   development  of
needed  analytical   methods   that  have  made  possible  the  establishment  of  sound
cyanide  criteria   like  those  previously  developed  for  amrom.a  are  totally
ignored--not  even  mentioned--in   the  EPA  publitation.     They  have  been  brushed
aside  and  made  to  seem  irrelevant  with  a  single.   flat  assertion   that  sounds
like  a  statement  of  an  indisputable  corollary  of  some  natural   law.   but  which
actually  is  groundless  and  contrary  to  reason.     If  this  assertion  were  true.
there  would  be  no  good  reason,  of  course.   further  to  test  or  s].mplify  the  new
analytical   methods   for  determi.nation  of  HC-N.

The  possibility  that  a  harmless  form  of  eyanide  present  in  water  will   be
soon  converted,   under  certain  conditions,   into  a  highly  toxic  form  should  not
be  overlooked  in  controlling  water  pollution.     Houever.  only  after  this   trans-
mutation  has  actually'occurred.  a   fact  now  readily  demanstrable  by  chemical
analysis,   is  the  suitability  of  the  water  as  a  medium  for  aquatic  life  af-
fected  and  it  may  or  may  rot  occur  effectively.     Photodecomposition  of  non-
toxic   iron-c.vanide  complexes.  for  example,   may  be  negligible  in  deep,   turbid,
or  shaded  waters.   and  slowly  liberated  eyanide  may  decay  or  escape  as  rapidly
as   i.t  is   released,   free  cyanide  not  bel.ng  a  presistent  pollutant.     A  large

:;O:t:g;:::n:xg3:nt#:unjT:sj:3:I:£y::ne::::::i::i::cE;g;n9sw:tLrc:scot;:thy
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uv   ii  iit:i-iuH   daoptea   Dy   IPA   is   that   proposed   40  years-':g6-i;   E7'1i;[{i937)
I  warm-water   fish   habitats,   sl.mply  a   mi.nimum  of   5  mg/1.      Its   recommended

ll.Cation   has   now  been   extended  to  all   fresh   wa+are     I,ia~  ^h   ^-u     -.--.    I
_,,-,.-_

a#;i;i#:i;:;:;;:i;e##:i;:::!i;,;;;:i;j#;i:;;,:;fj::i;:;;i;:j;:;;i;:;g
fore,   that  sound  water  qua"y  criteria  for  the  protection  of  aquatic   h.fe
agai.nst   the  oxygen-depletl.ng  effects  of  putrescib]e  organic  wastes  must   be
appropm.ate   H.mi.ts   of  D0  and   not  of  BOD.      In  what   fundamental   way   is   the
problem  presented  dy  the   potentl.al   toxicity  of  nontoxic,   compTexed   tyani.de
di.fferent  from  that  presented  by  the  oxygen-depleting  potential   of  organic
wastes?     I   can  see  no  difference  requiring  dl.ametrl.caHy  different  approaches
to   the   two  problems.

Because  of  EPAts   prestige  and  power,   its   illlconsl.dered  pronouncements

:::t,pL:S}:ct::cs|a::v::c:i,,f::j¥ei:s;ups:::n#ya]p#:;:s:rei:;t:;:#::Sjye
the   IHinoi.s   Petroleum  Council   and  others)   that  a  free  cyanide  standard  of
water  quality  be  substituted  for  an  outdated  total   eyanide   standard  that   had
long  been   in   force   i.n   that  state.     I   hoped  soon   to  see  wi.de  approval   of  such
improvement  of  standards   dy  state  regulatory  agencies  and   I   strove   to   bring
i.t  about.     But  having  seen   the  EPA   report  stating  flatly  that  pertinent  water
qua"y  criteria   "must  be  based  on  the  concentration  of  total   cyani.de"  and
implying   that  each  recommendation  contai.ned   in   the   report   represents  a  con-
sensus   or  majority  opinion  of  experts   based  on   the   latest  available  scientifi.c

#;:¥:!§:!o:::iw#::::::ui::i:;;:::i::;;:;#h;:::::;i::;:#;#'i]:gT::#;:uid
S::::i:.,.n]E#P:„tia:es:#,?:g¥njn#,u:n::a!:k:e:::!a::::c#gew::i;:#f?:::!ng
to  early  correcti.on  of  the  mistake.

In   the   sectl.on  of  the   report  on  eyanide,   I   found  other  statements   i.n
addition   to   the  one  quoted  that  are  erroneous;   some  are   incompatible   (contra-
di.ctory).     These  errors  are  not  of  critical   import,   hovever,   so   they  need  not
be  pointed  out  and  discussed  here.     The   treatment  of  the   subject   is   generally
inadequate,   and   I   think   that  attribution  of  the   content  of  the  entire   volume

i§r;';;jo:;f;#sS§;:i#gg§;:::i;§:]p:::;:i:i;c;#!:!'!:::::;:}#i:::;§i:;::;:s„
EPA   research  staff.

After  exami.ni.ng   the   section  on   cyanide,   I   turned   to   that   dealing  wi.th
dissolved  oxygen  criteria--another  subject  of  outstandi.ng   i.nterest   to  ne--
and   found   it  no   less  depressing.     There   is   no   relati.on  or   resemblance  at   aH
between   the   new  EPA   recommendations  and   the  much  rare  elaborate  ones   of
Doudoroff  and  Shu"ay   (1970)  ,or  those  of  the  National   Academy  of  Sciences   and
National   Acadeny  of  Engineerl.tng   (1973),   whi.ch   were   based   1.n   large   part   on

#:Sgo°:r?:::?::f:d:;ge§hgy"i¥A  i :h:i:t i:8g::8az6°;:a :3V:g:e:;  !iT?:e{i g37 )
for  Warm-Water   fish   hahitatc      ei.nlihl„   i   n ..-.--.-..----.--

....., i .,., ai   waier`b   oT   the   gravels   Of   Sa]ronid   Spawnl.ng   beds.      APPll.Ca-
tty  of  his   criterion   to  cold-water  fl.sh~ habitats  was   not  claimed  dy  EHis.

..u..v„   ,loo   IIiiw  ljeEn   extenaea   to   all   fresh   waters;   warm  or   cold.   includ-
interstitT.al   Waters   Of  the   gravels   of  sa]m)hid   €nawnim   hah.        ^hni -.--
L-.       _   +    1,     ,
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said   t.o  be  based  primerily`on  observations   made   in   the
I,    r,  .   ,  _              ,,,,

The   EPA
fi.eld   (mostly   those  of  Ellis  and  his   a;sociate's)   on   the   relation  be€w6en ----
observed  D01evels   in   various  sampled  waters   and  the  variety  of  fishes  found
there;   the  presence  of  a   "well-rounded   fish +population"  was  taken  as  an   indi-
cation  of  satisfactory  conditions.

The
that   is,   reasons
Doudoroff   and pp.   241-247).     Thei.r  carefully  developed

the   evidence   on  which   E11is'   conclusi.ons   were   based,
unreliabili.ty.   have   been   fully  discussed   dy

argument  and   the   suppporti.ng  data.   not  mentioned   dy   the   EPA  authors,   can-
not  be  adequately  summarized  here.     It  was   shorn   that  good,   mi.xed   fish   faunas.
as  defined  by  Ellis,   actually  can  occur  in  waters  where  D0  levels  do  not   ex-
ceed  4  mg/1   for   very  long   periods.   are  oftenr  below  3  ng/1,   and   sometimes   are
as   low  as   1.4  mg/1   or  less.     These   results   do  not  prove,   of  course,   that   fish
production   1.s   not   se`riously   impaired  at  such   low  D01evels.      Neither  does
the  observation.   cited   in   the  EPA  report,   that   rainbow  trout  thrive  in   Lake
Titicaca.   where,   because  of  the  altitude.   D0  does  not  exceed  5  ng/1,   signify
that  trout  production   is   not  reduced  materially  dy  reduction  of  cO  to  5  mg/1
i.n  other  waters  with  much  higher  natu'ral   D01evels.

I  was  amused  dy  the  statement  1.n  the  E,PA  report  that.   jn  seeking   to
relate  fish  abundance  and  distribution  to  cO   in   the  fi.eld,   "enough  observ\a-
tions   have  been  made  under  a  variety  of  conditions  that  the  importance`  of
oxygen  concentration  seems  clear."     I  cannot``quarrel   with  that  statement,   but
1.s  the  mere  demonstration  of  the  1.mpertance  of  an  environmental   factor  suf-
ficient  for  the  establishment  of a  water  quality  \cri.terion?    The  pertinent
experimental   data,  frost  of  which  have  been   thoroughly  anLd  critically  reviewe,d
by  Doudoroff  and  Shu"ay  (1970).  also  stow  very  clearly  the  i'mportance  of  DO.
Why,   then.   has   the   vast  aTrount  of  such  information  obtained  duri.ng  the  past
40  years.   in  our  laboratories  and  others,  ^been  mstly  di.sregarded  dy  the  EPA
authors?    Quite  disturbing  to  ne  was  this  jus.tifi\cation  givven  try  them  of
their   reliance  predominantly  or  almost  entirely  on  data  from  t`he   field:     "The
requirement  that  the  data  be  applicable  to  `naturally  occurring  populations
imposes   limits  on  the  types  of  research  that  can  be  used  as  a  basis  for  the
criterion.     Aside  from  a  few  papers  on   feeding.   growtho  and  survival   in
relation  to  oxygen  concentrati.on.  very  littl`e  ,of  the  labora.tory  based  litera-
ture  has  a  direct  bearing;   field  data  .are  in ;general  mre  useful."

How  many  of  the  other  wate'r  .,quality  criteria.   that  have  been   recommended
in  the  sane  publication  as  defensible  c`riteria-pertaining  to  the  re`quirenents
of  aquatic   life  (mostly  criteria  for  toxic  pollutants}  are  based  predominantly
on   field  data?    How  many,   I   should  ask,.  are  ,ba'sed  on  any  data   other  than  data
from  Taboratory  experiments?    Not  marty.   I  am  s'ure.     rmat  is   the  cyanide  Cri-
teri.on  based  on,   for  example?    Only  on  laboratory  data.   and  particularly  on
observed  effects  of  10  ug/1   of  free  cyanide  a.n  the  swimming  performance  of

3:]tapg:grf:;h6nA#u3;]yisq:::e#:€saoT#s3:se#::jT:n%;:#:g,:at3:::o:%,

::f#:g°fb?9i :;:u::i::;o:: ;::;j#:I ,:a::V:,:3PBT:;;6nf::#:E£3t#3ri; :e;::;: t"
for  water  quality  criteria  that  is  far  Ira,re  satisfactory  than  the  bases  for
most  of  the  other  recommended  criteria.     By  contrast.   the  available  data
from  fiel,d  studies  on  fish  distribution  and  ab'undance   (natural   fish  POP-
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recommended  water  qual
of  thi.s   work  ever   been

y  criteri.a  would  not  have  been  any  differeTlt  had  none

ulations)   in   relation  to  D0  are  still   extremely  limited,   and  their   usefulness
in   the  veri.fication  or  refinement  of  D0  criteria   is   almost  negligible.     Again.
logic   seems   to   have  been  abandoned.      If  the^ extensive  data   from  laboratory
studi.es   are   indeed  of  almost  no   value  or  pertinence   to   the   formulation  of  D0
criteria,   does   1.t  not  follow  that  there  are  no  adequate   bases  at  all   for
most  of  the  other  water  quality  criteria  pertaining  to  aquatic   life  that
have  been  advanced?     Should  not  these  other   recomended  crl.teria   have  been
withheld   (not  published)   for  lack  of  suffici.ent   foundati.ons?

natur:im¥::!Tft|:X::::nt:r3i:?r°:i::1::}::t{8:;::;a#yp:¥thro::g::Set:1.3To:a
energeti.c   considerations)   in  the  design   of  experiments   directed  toward   better
understanding  of  the  effects  of  water  pollution   on   aquatl.c   life   (Doudoroff
1977;   Doudoroff  and   Shu"ay  ]970).      I   know   that   fish,   in   their   natural
habitats,   are  not   usually  exposed  throughout  their  life   cycles.   or  for  very
long  periods,   to  nearly  constant  concentrations  of  pollutants,   or   to  unlim-
ited   amounts  of  food  obtainable  almost  without  effort, 'or  to  an  arti.fi.ci.ally
restricted  food  supply.     I   have  repeatedly  pointed  out   that   i.nterference  wi.th
reproducti.on   1.n  polluted  waters  of   limited   extent  can   be  often   fully  compen-
sated   for  dy  increased  growth  rates   (due  to   reduced  competition   for  food)  or
by  the   1.mmigration   of  young   from  contiguous  waters.      I   believe   that   some   of
our  water  quality  criteria  based  on  results  of  unrealistic  experiments  may  be
mi.sleading,   and  some   regulatory  water  quality   standards   directly  derived   from
them  can   be  enti.rely  too   restrictive.   particularly  when   the  criteria  derive
from  life-cycle  tests  at  constant  concentrations  of  toxicants.     But  I  certain-
ly  would  not  go  so   far  as  to  say  that   the  experimental   work  of  the   past   has
provided  little  useful   information.      I   do  not  propose   that  ve  abandon  our
laboratories   and  all   take   to  the  fi.eld   to   sample   various   polluted  waters   and
thei.r  fish  populations   in  order  to  arrive  at  the  best  water  quality  criteri.a.

My   impressi.on   1.s   that,   in   the  eyes  of  the   authors  of  the   EPA   report,   the
intensive  experimental   work  on   the   D0   requirements   of  fish   and   the   chemistry
and   toxicology  of  the   complex  cyanides   that  ny  co-workers  and   I   have  done
over  the  years   has   been  almost  completely  wasted   effort.     Certainly,   their
.__ _____._  J_  J    _     _   ,

one.      One  nray  well   be   impelled   to-ask   if   it   is   not-a
pi.ty   that   so  much   t.1.me  and  nroney  wer'e   spent   so   unproducti.vely,   because  of  ny
poor  judgment.      And   1.s   not   Gary   Chapman   of  EPA,   who   spoke   to   us   about   the
different  forms  of  copper  and  their  relative   toxl.city.   perhaps   largely  wast-
ing   his   time   also  when   concerni.ng  himself  with   such   matters?     If  water  qual-
i.ty  criteria   for  copper  must,   for  sons   reason,   be   "based  on"  total   copper,   no
matter   how  successfully  the   toxl.c   forms   may  be   1.denti.fl.ed,   their   i.nteracti.ons
described.   and   analytical   methods   for   thel.r   separate   determination   developed,
the   subject  of  Chapman's   report  can   be  of  academl.c   1.nterest  only.      Perhaps
he   too   `shoul,d   be  out   1.n   the   field  collecting'  and   i.dentifying   fish.      Has
Wi.lliam  Spoor  also   been  wasting   federal   government  nDney   in   Duluth   dy   study-
i.ng  effec.ts-of  D0   reduction`on   fish   development?

I   must  say  that   I   havetrot  always   felt   that  ny  efforts   have   been   unap-
preciated  or  that  ny  recormendati.ons   relati.ve   to  water  quality  criteri.a   have
been   1.gnored.     On   the  contra,ry.   I   have  been  often   gratified  by  the  attention
given.  to   ny   fi.ndings  and  conclusions   dy  my  rest   respected  professional
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colleagues.   S`ncluding  leadin,g  IPA  biology.sts.     Th`e  t`onor  ac,co<rd`ed  ue  tat  .this
ti,me  clearly  ,bespea.ks  `/abundant  appreciation  of  ny  msqest  at\ccomplishments.     And
the  a'uthors  iof  the  important.   recent  publitcation   "Water  Qual ity  'Criter`fi,a

i:?t::,£e:h:ni°fi:|i :#ai'Bi::d::;k:i E::?::::if3r I f893}¥ that:i,#tT*,:::  g:a:e¥gu:f
teous    and  attentive  `hearing  at  no  expense lo  me.  ,a`c\ciepted   in  large  part
tho\se  of  ny  views   that  were  presented  to  t,hem.     As  'roted  al.ready.   the  cyani.de
criteria   rec®rmende\d  dy  that  prestigious  group  are  comcent\rati®n  limits  of
free  cyanid£®  not  total   eyanide.     T`he  D0  criteria  recommen)ded`,  altho,ugh  not
entirely  in  agreement  with  the  retc®mmendati®ms  that  I  pnesenteid  and  defended,
did  refliect  ,ny  views  im  large  deg'r.ee,  an/a  1'  feat  i,hat  t`heir  adopti,om  was   an
itmport`ant  step  in  the  ri.ght  direction.     The,  adopti®'n  of  gra\ded  crit`eria  of

Y#:r(i:a`£t¥ei8:::3r;:t€h:Obg:f:e:Sn:®;'i:¥::§n3£i8n::::,±;:::t'?:n:i:a`#:ch
were   recoimiemde,d   in   dealing  with  pH  and  with  `§uspended  and   settlea.bl\e  solids
as  well   as  with  80.  was  mst  gratifyin`g.  because  it  had  been  first  .proposed
and  stro,ngly  advocated  by  ne.

Unfortunate]y®   some   important  imcomsi`sten'cies  'oar  illoigica3   ffieatur\es
s6milar  t®  t'hose  ®f  the  recomemdati®ms  in   th.e  new  EPA  nep'ort  mapr  also   the
reooTrmendati®ms  pre`se.nte,d  in   the  '''Blue  BBDk"<.     At  `]ea.st  One  ®f  th\e  rodifica-
tio'ns  \ma,de  ®f  t`he  pro.p®se`d  B0   criteria  -®f  Doud®roff  and  Sintlrmy  {197io)  and
thei`r  relate,a  .mectome,ndations  mas  met,   i'n  ny  \®pini'om®   japstifi,abl.e;  that
chan,ge®   a,in  imc'®ngmu®us  ki/nd  of  trybridization  ®f  Old   and   new  app`roa\cthes9
£1ea`rly  was  adopted  `as   a  cD`mpr`o`rri.se  because  Of  rel<ucta,nee  ®f  some  ®f  the
aut`hons  to  ,depe`rt  enti,rely  ff`rom  `precedemts.     S®me  seurB.ous  e\rroys  and  imcoTa-
sisten`cies  are  to  be  exp@cte{d  in  a  .frork  prepa'red  6m   the  RE\nnepr  and  short
time  i\n  which  the  "B1,ue  B®ok"  uns  p`repened.     But  it  seems  t®  me  t!hat   in   t`he
course  `of  .the  preparation  of  the  m'er  E:PA  publicatiDna   on  whicta  eemk  has  been
going  ®n   for  \a  ]ong  ti'ne,   the  imc\omsistencies  rind  Other  `mistakes  fro  be  found
in   the  tsomEwha€  too  hastily  preparaed  "JB1`ue  B®`®k"  sfrould  haye  beet,n   largely
corrected  ®r  tavoided.  rot  `mu|ti.pl fed  'opr  aggy:ayat'`ed.

T-he   1976   ne,port   is   not  t,he   ffiprst  -such  rfepert  pepa`ned  fry  IPA.     This  'new
volume   is  a   revi'siem  of  proposed  E,RA  Water  Qarality  Criteriao  pmesented  in  a
publication  that  was  ,not  widely  distribute,a  but  whe`se  li."ited  atyailability
was  ann,ounced  dy  nean`€  ®f  a  notic,e  p\ubli.shed  in  October,  1973.   in  the  Federal
Register   {U.   `S.   En`vironmantal   Protection  Age.may  1973,a}.     .It  is  m®`tew®rttry
that  the  cyanide  c'ritetria  proposed  try  IPA  in  the  earlier  ;{1973a)  f`eport  are
essentially  ide'ntfi-c`al   with  those  nec®whended  ,i-n  the  "Blue  8ookfl.     The  in
critEria  proapsed  at  t'hat  time  are  somewhat  diifferent  fmm  the  "Blue  Book"
criteria.  but  were  said  in  the  Stotice-®f  Publication  to  b£  Cmgenerally  consis-
tent"  with  them.     I  ray  have  Seen  these  propesed  cO  criteria  fat  cannot  now
`recall   egtamiming  them;  a  sin.gle  sO   level  '®f  5 mg/1   was  certainly  rot  given  as
a  tgenerally  applficable  water  quality  criterion.     The  disagreeneflt  between  the
most   recently  publishe`d  eyanide  and  DO +cpritepia   rec®wuemded  fry  SPA  and   those
pro,posed  in  the  "B1,ue  Book"  obviouslgr  are  not  attributab]e  to  imadverteLnce.-
Wdy  the  criteria  initially  propesed  try  SPA  have  now  been  rejected  and  differ-
ent  ones  substituted,  and  who  fi`rst  propesed  the  drastic  €hamges®  I  do  met
know.     (n  t`he   1976  r`ep®rt.   it  q.s  stated`.that  the  r`eryisi®n  pf  the  previously
proposed  criteria  was  "'base,a  ®n  a  conside`ratio'n  of  corrments  greceived  from
other  federal  agencies.  state  agencies.  special   interest  groups.  and  q.ndivid-
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ual   sci.entists."     But   I.t   is   not  apparent   that  authors   of  the   "Blue   Book"   and
other   leading  experts   had   an  opportunity  to   review  and   comment  on   all   the   new
or  revised  criteria   before  publication,   to   object   to   proposed  changes,   and   to
explain   thei.r  objections.      I   understand   that   "pre-publication"   copies   of
"Quali.ty   Criteri.a   for  Water"  were   distributed   1.n   October  or  November  of   1975

to  a   number  of  scientists   or  laboratori.es   outside   EPA   for   revi.ew.      Honever,
I   do   not   know  how  many  of  these   copies  were   distributed  or   to  whom  they  were
sent,   and   I   have   learned   that  the   proposed  D0  criteria   presented   in   those  cop-
i.es  were  sti.11   quite   simi.la+  to   the   "Blue   Book"   cri.teria   and   those  of
Doudoroff     and  Shun"ay.     Thus,   i.t   seems   reasonable   to   suppose   that  nobody  of
the   scientific   cormunl.ty  outside   EPA  was   given   the   opportunity   to  exami.ne
and   object   to   the   finally   published   D0   cri.terion   and.supporti.ng   statement;
revi.ewers   of  the  prapublicatl.on   version   had  good   reason   to   believe   that   the
"Blue   Book"   recomnendati.ons  would   not   be  entirely   ignored   or   contradicted   in

the   publi.shed   EPA   report.      I   was   never   consulted   nor  asked   ny  opinion   of   the
new  eyani.de   and   D0   criteria   by  EPA.   although  ny   perti.nent   expertise   could
hardly   have   been   overlooked.      Thei.r  publication   was   a  complete   surprise   to
me,   like   a   bolt   from   the   blue.

It  has   been   suggested  to  ne  that  the  real   reasons   for  the  drastic
revision  of  the   ori.ginal   EPA  criteria   may  perhaps   have   been   poll.tical   rather
than   sci.entifi.c,   having   somethi.ng   to   do  with   possible   dl.ffi.culti.es   of  en-
forcement`of   regulatory  standards   based  on   them.     The   suggestion  was   that   the
authors  may  have   understood  perfectly  that   the   cyani.de  cri.teria   can   very  well
be   "based  on"   reliably  determinable   free   cyanide   or   HCN   levels   and   that
limits   of  free  cyani.de  or  HCN   concentration   are   scientl.fi.cally  much   sounder,
rare   reli.able  criteri.a   than   liml.ts  of  total   cyani.de   concentrati.on,   but
deci.ded   that  acknowledgment  of  these   scientl.fi.c   facts   would   be   poll.ti.cally
inexpedi.ent  or  embarrassing.      However,   deliberate   obfuscation   or  concealment
of  the   truth   obviously  would   have   been   1.ntellectually   di.shonest,   and   I   do   not
want   to  accuse  anyone   of   intellectual   dl.shonesty.     The   administrator  of   EPA
had   been   directed   by  Congress   to   publi.sh   "criteri.a   for  water  quality   accur-
rately  reflecting   the   latest  sci.enti.fi.c   knowledge"   and   not   reflecti.ng   his
staff 's   latest  noti.ons   of  how  sci.ence  or  truth   can   best   be   twi.sted   to   achieve
some   practi.cal   objective.      In   preparing   ny   criti.cal   comments,   I   assumed   that
the   authors   of  the   EPA   report   strove   to   fulfill   thi.s   charge   (as   they   1.mplied
they   did)   and   so  were   not   intentionally   inconsistent  and   purposely  misleading.

It   is   noteworthy  that   the   authors  of  "toxic   pollutant  effluent   standards"

i;;33;e:e::  ::£r:b::tt::r::p¥::::c:g:f (:iesd,. ::¥::#::n:::w:::t::::0:nfgency
complexed   cyani.de.      My  cli.ents,   the  Aneri.can   Iron   and   Steel    Institute,   and
many  others   objected   to   those  proposed   standards   for   vari.ous   reasons,   among
which  were   termi.nologi.cal   and  nethodologi.cal   vagueness   and   errors.      At  a
hearing   in   Washington,   D.C.,   in   1974,   I   expounded   extensi.vely   on   the   chemis-
try   and   toxicology  of  the   eyanides,   as   di.d   also   ny   former  student,   Steven
Broderi.us,   at  a   later  hearing.      I   had   hoped   that  our  efforts   to   clarify   the
complicated   problems   involved  would   lead   to   a   better   understanding   by  all
those   i.n   EPA   concerned  with  effluent  and  water  quality   standards   and   cri.teri.a.
Because  of  the   various  objections   raised.   the   proposed  effluent  st'andards,
which  .had   some   sensi.ble   features   and   could   have   been   improved   enough   wi.th   a
few  changes   to   make   them   fairly   reasonable,   were   fi.nally  wl.thdrawn   dy   EPA.
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But   the  water  quality  criterion   for-dyanide   now  being   recommended   by   EPA   sug-
gests   that  understanding,   if  it  has   Changed  at  all,,   has  deteri.orated.     New
proposals   concerning   regulatory  standards  could  well   be   totally  wrong.      I   am
reminded  again  of  the   nature  oif  Hydra.   wl.th  which   I   have  already  drawn  an
analogy.     When  you  chopped  off  a   head  that   threatened  you.  you  vere  norse  off
than  before.   because  two  rare  dangerous  h?ads  grew  in   its  place.

I   want  to   repeat,   however,   that  ny  purpose   here  has  not  been   to  attack
EPA.   an  organization  to  which   I   still   feel.   justifiably  or  unjustifiably,
that   I   somehow  belang.     What   I   am  really  attacking   is   the  shallow.   careless,
and   irresponsible  thinki.ng  that  pervades   the   environmental   protection  rrDve-
ment.     This   irrati.onality  i.s   to  be   found  outside  EPA,   in   state   regulatory
agencies   for  example.   probably  at  least  as  often  as   in   the   powerful   federal
agency;   it  is  often   to  be   found  even  in  our  universities,  where  ve  expect  to
fi.nd  models  of  detached   rationality.      I  am  objecting   to  all   indifferent
tolerance   1.n   ny  profession  of  gross   inconsistency,   which   betokens   gross   error.
for  it  can   exist  only  when  there  is   such  error.     I  am  croaking  an  appeal   for
logi.c.      If  even  old  frogs   like  ne  refrain  from  raising  thei.r  voices   in  pro-
test,   for  fear  of  offendi'n,g  sons  other  frogs   in   our  Take,   who  will?    To  whom
will   the  tadpoles   in  the  lake  be  able  to  look  for  inspiring  tntellectual
guidance?     At  thi.s   stage  of  ny  career.   I   have  nothT.ng  to   lose  dy  being  out-
spoken.   and   I   am  sure  that  many  of  you*  as  well   as  others.   no  matter  where
they  work  or  seek  support.  will   share  ng  sent,imertts.

I   thank  you  and  wish  you  all   a  ggod  year  and  successful   researching
through   1977.
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Dr.   Charles  E.  Warren  presented  a  paper  on  "The  Interpretation  of
Laboratory  Results."    The  manuscript  was  not  available  at  the  time  of
printing.     Exclusion  is  not  meant  to  imply  any  criticism  of  the  paper
or  the  presentation.
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LARIMEPl   -   WELD   PIEGICJNAL   COUNCIL   CJF   GOVEF]NMENTS

PHONE  (303)  667.3288
ROOM  201

M I NUTES                                                    LovELAN2: ,1 cEOAf:R4AhD3TBROE5::
NOVEMBER   |7,    1976,    F'ISHERIES   MEETING

The  I.arimer-Weld  Regional  Cotincil  of  Governments   sponsored  a  .
meeting  dealing  with  fisheries  in  the  streams  and  rivers  of  the
region.     The  meeting  was  held  in  the  Dean's  Conference  Room  of  the
New  Natural  Resources  Center,   Colorado  State  University  campus,
Fort  Collins,   Colorado,   at   I:30  p.in.,   November  17,1976.     Attendees
Were :

Bob  Aukerman,   CSU,   Recreation  Resources
Bob  Hiller,   CSU,   Agricultural  Engineering
Dave  Hendricks,   CSU,   Civil  Engineering
John  Goettl,   Colorado  Division  of  Wildlife
James  Ward,   CSU,   Zoology
Stan  Ponce,   CSU,   Earth   Resources
Pat  Davies,   Colorado  Division  of  Wildlife
Clarence  Carlson,   CSU,   Fishery  Biology
Rick  Claggett,   U.   S.   Environmental  Protection  Agency,   Region  VIII
John  W.   Neutze,   Poudre  River  Water  Commission,   Water  Resources
Rolf  Nittman,   Colorado  Division  of  Wildlife
Wayne  R.   Seaman,   Colorado  Division  of  Wildlife
Bill  Mcconnell,   CSU,   Colorado  Coop  Fishery  Unit
Eric  P.   Bergerson,   CSU,   Coop  Fishery  Unit
Don  Brosky,   Eastman   Kodak   Company
S.   M.   Morrison,   CSU,   Microbiology
George  Post,   CSU,   Fishery  and  Wildlife  Biology
Norman  Evans,   CSU,   Environmental   Resources   Center
Tom  Pitts,   Toups  Corporation
Rich  Drew,   Toups  Corporation
Terry  Trembly,   I.arimer-Weld  COG
F.   A.   Eidsness,   Jr.,   Larimer-Weld  COC]

I.       PURPOSE   OF   MEETING

The  purpose  of  the  meeting  was  to  discuss  the  basic  problem  of
determining  the  attainability  of  fisheries  in  waters  of  the  region.
The  Federal  Water  Pollution  Control  Act  Amendments  of  1972  establish
a  goal  of  fishable,   swirmablestreamsby  1983  where  attainable.     Section
?08  of  the  Federal  Water  Pollution  Control  Act   (Prd.   92-500)   author-izes  the  Larimer-Weld  Regional  Council  of  Governments,   in  this  case,
to  undertake  an  areawide  or  regional  water  quality  management  study
and  to  clef ine  those  things  which  are  attainable  and  what  the  priorities
will  be  in  water  pollution  control  in  this  region.     The  approach
utilized  by  the  I.arimer-Weld  COG  is  t.o  use  this  opportunity  to  evaluate
the  current  laws  and  regulations  and  how  they  have  been  applied  in  the
context  of  this  region  so  that  corrections  can  be  made  through  the
Environmental  Protection  Agency  and  the  Water  Quality  Control  Commission
if needed  and  to  insure  that   good  water  pollution  control  investments
are  made.     The  uniqueness  of  the  water  quality  and  hydrology  in  the
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West  complicates  the  administratively-set  flow  criteria  under  which
all  water  quality  analysis  and  waste  load  allocations  must  be  done  -
that  of  seven-da -once-in-ten- ear  low  flow.     In  this  area  where  the
application  of  this  principal  may  involve  no  native  flow  at  all,
advanced  treatment  of  waste  discharges  may  be  the  only  way  to  meet
water  quality  suitable  for  fishable,   swimmable  waters.     The  question
of  whether  cities  and  towns  should  be  required  to  provide  advanced
treatment  in  the  hopes  of  future  low  f low  augmentation  to  sustain
f isheries  along  the  rivers  must  also  be  answered  in  this  program.

11.       TECHNICAL   HYDROLOGIC   ANALYSES   BY   COG   208   PROGRAM   -INTERIM   FINDINGS

Tom  Pitts,   Toups  Corporation  and  technical  engineering  consul-
tant  to  the  Larimer-Weld  COG,   summarized  the  findings  of  their
hydrologic  analyses.     Emphasis  was  placed  on  extensive  analysis  of
hydrology  and water  quality,  especially  the  impact  of  irrigation
diversions  and  return  flows  on  streams.     Colorado  water  law  allocates
water  through  historic  uses  to  divertors.    It  is  distributed  towards
satisfying  water  rights;   consequently,   rivers  can  be  dried  up.     The
storage  season,   from  October  through  April,   and  the  irrigation  season,
from  May  to  September,   affect  stream  flows.     It  is  the  direct  respon-
sibility  of  the  District  Water  Commissioner  to  manage  the  river  flow
and  diversions.     The  point  was  made  that  the  State/  Engineer  denies
that  personnel  make  the  diversion;  they  prefer  to  say  that  they
regulate  the  up-stream  diversions  to  protect  the  biota  of  the  region.
Toups  Corporation  found  that  overland  flaw returning  to  the  river  is
negligable.     Seepage  and  tributary  inflow  data  has  been  verified;   this
is  an  important  element  of  the  supply  system.     The  U.S.G.S.,   the
Water  Commissioners,   and  Toups  Corporation  have  all  conducted  seepage
flow  analyses.     They  found  that  to  a  significant  degree,   steam  flows
are  maintained  by  seepage  and  tributary  return  flow.     Even  though
diversions  dry  up  the  rivers,  a  few  miles  below  water  will  appear  in
the  stream  again.     Zero  flow  may  exist  in  the  Poudre  at  at  least  eight
points  of  diversion.     During  the  storage.  season,   diversions  dry  up
the  Poudre  at  every  possible  point.

On  the  Big  Thompson  River,   the  Colorado  Big  Thompson  Project  is
the  most  significant  feature  affecting  stream  flow  and  drainage.
Diversions  on  the  Big  Thompson  dry  up  the  river  at  several  ditch  loca-
tions.     Diversions  on  the  South  Platte  may  dry  up  the  river  immediately
down  stream  in  at  least  five  locations.     Even  though  diversions  dry
up  the  rivers  at  several  points,  the  flow  returns  a  few  miles  down
stream.     Summarization  of  findings  by  Toups  include  the  following:

1.     Sampling  on  the  Poudre  has  shown  that  as  one  progresses
down  stream  and  as  d`iversions  increase  and  stream  flows
drop,  TDS  increases  to  the  point  that  it  almos.t  matches
the  TDS  of  the  tile  drain  effluent.     In  daily  runs,   this
finding  was  fairly  consistent.     Toups,  Corporation  was  lead
to  the  conclusion  that  the  f low  of  the  Poudre  is  made  up
entirely  of  return  flows  at  certain  times  of  the  year.    The
extensive  system  of  irrigation,  water  supply,  and  diver-
sion  control  all  affect  stream  f lows  in  the  plains.  area  of
the  region.
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waste  treatment  needs  is  made  meaningless  by  the  complex
system  of  supply  and  diversions.     Both  water  quality  and
hydrology  will  determine  the  feasibility  of  maintaining
fisheries  in  the  rivers  of  the  region.

Ill.       OPEN   DISCUSSION   ON   THE   VIABILITY   OF   FISHERIES

-

Dr.   Post  volunteered  that  CSU  has  been  conducting  a  five-year
program  of  identifying  fish  in  the  Poudre  River.     Twenty-eight
species  of  f ish  have  been  identified  between  the  Cities  of  Fort
Collins  and  Greeley.     A  survey  was  conducted  by  using  direct  observa-
tion  techniques  and  also  fish  tagging.     The  presence  of  fish,  not
the  condition  of  fish,  was  the  important  aspect  of  the  study.     This
testing  has  been  conducted  year  around  for  five  years.     The  tests  are
conducted  once  prior  to  freeze  up  in  the  fall,   once  after  freeze  up
in  the  spring,   and  once  after  high  water  in  the  summer.     Dr.   Post
did  note,  however,   that  a  condition  of  ulcers  was  observed  in  some
fish  present  below  various  municipal  discharges.     Of  the  fish  iden-
tified  by  the  survey,   99  percent   (biomass  be  weight  rather  than  nufroers)
were  rough  or  forage  fish.     I.ess  than  I  percent  of  the  total  identi-
fled  would  be  considered  game   fish.     These  include  primarily  green
sun fish,   although  occasionally  a  large  mouth  bass  or  perch  was  observed.
No  trout  were  found  in  the  lower  reaches  of  the  Poudre.     In  the
summer  sampling,  occasionally  a  trout  was  found  at  the  first  one  or
two  collecting  stations.    These  trout  were  not  present  in  the  fall
testing,   however.     Rough  fish  cannot  be  discounted  as  undesirable
since  their  effect  on  plant  life  and  insects  has  not  been  measured.
Residual  chlorine  tests  were  not  developed;   tests  have  indicated  no
toxic  levels  of  heavy  metals.

Dr.   Hendricks  suggested  the  possibility  of  zoning  the  Poudre  and
South  Platte  Rivers  to  obtain  a  f ishery  by  providing  for  storage  and
the  release  of  storage  waters  to  maintain  the  flows  and  maintain
the  quality  of  certain  waters  without  having  to  go  into  expensive
treatment  processes.     Off-stream  reservoirs  could  be  used  for  the
ef f luent  from  treatment plants and  substitution  of  cleaner  waters
to  maintain  fisheries  in  certain  stretches  of  the  river  could  occur.
The  blanket  idea  of  P.I"   92-500  to  make  the  entire  stream  system
fishable  an.d swimmable is  out  of  the  social  equilibrium  of  the  stream
according  to,.Pr.   Hendricks.     The`  law  was  not  made   for  Western  streams.

::mb:i:::a:fyr::::I:3::o:::±~::b::i:::€o:u5u±3::e::ter  does  not  seem
-I-,    \.    ,

Mr.   Jack  Neutze,   Water\ `Commissioner  for  District  No.   3,   indi-
cated  that  a  very  promising  way  of  keeping  water  in  the  stream  system
would  involve  aggregating  the  decrees  held  by  small  reservoirs  upstream.
In  Colorado  water  law,   the  p-remises  of  storing  water  out  of  priority
is  acceptable.     High  mountain  reservoirs  possessing  low  flow  priorities
can  therefore  be  filled  early  in  the  season.     A  large,  new  structure
in  the  upstream  end  of  the  Poudre  system  would  provide  a  great  deal
of  flexibility  in  maintaining  flow  in  the  System  for  fish  maintenance.
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Under  present  operating  practice,  trfe  system  of  exchange  dries  up
the  river  between  an  upstream  point  of  diversion  and  a  downstream
point  where  the  exchanged  water  is  reintroduced  to  the  stream  from
storage.     Mr.   Neutze  felt  that  he  wou,1d  be  able  tQ  maintain  continuous
flow  down  to  the  Whitney  Ditch  under  the  propos{ed  new  reservoir  pro-
cedure.     He  felt  that  the  reservoir  would  be  "the  best  way  to  go
in  the  long  run,"   (water  man`agement  for  quality)I.     Mr.   Neutze  felt
that  more  reservoirs  are  needed  in  the  upstream  end  of  the  system.
Dr.  Aukermann  felt  that  from  a  recreaticmal  standpoint,  high  mountain
reservoirs  would  be  beneficial  to  meet  recreationalists'   demands.

Dr.   Seaman  stated  that  he  felt  the  1983  goals  should  be  addressed
with  reasons  and  justifications  for  backing  off  on  the  goals  after
they  have  been  investigated.     The  type  of  fisher.y  desired  must  be
defined.     Temperature  is  also  an  important  factor  in  this  fishery
determination.     One  attendee  noted  that  there  is  no  better  fish  suited
to  the  temperature,   pH,   and  DO-type  conditions  existing  than  the
carp.    The  question  of  the  type  of  fishery  to  be  supported  with  the
available  tax  dollars  must  be  answered.

Iv.      ATTAINABILITy  OF   FlsHERrEs   -   caN-slDERATIQNs

1.     Benefits  Vs.   Costs

Any  efforts  to  greatly  modify  the  type  of  fish  life  present
in  the  lower  end  of  the  Poudre  system  should  consider  the  actual
benefit  to  be  realized  therefr®m.    Value  of  a  program  of  introducing
trout  or  other  desirable  game  fish  shotild  consider  angler  days
before  such  a  program            implemented  and  those  anticipated  after
such  a  program  would  be   implenented;   how  a  program  Qf 'this  type
would  fit  in  with  the  local  lifestyle;  how  it  would`  affect  the
quality  of  life  in  the  area,    Perceptions  of  peQpie  in  the  county
concerning  the  modification  of  fig,h  life  must  be  cohsidered,  as  must
the  future  outlook  for  the  two-county  area.    At  this  point  a  proposed
greenbelt  in  the  region  of  the  lower  Poudre  was  mentioned.

Dr.   Post  pointed  out  that  in  many  cases  municipal  discharges
were  beneficial  to  stream  life;  that'is  the  stream  life  presently
existing  in  the  Poudre  system.    From,the  standpoint  of  total  biomass
produced  and  sustained  by  the  river,  the  nutrient  content  of .munici-
pal  dischargers  is  Very  advantageous.     I.ack  Neutze  indicated  a  way  of
reducing  impact  of  agricultural  returns  on  the  system would  be  to
recycle  these  returns.     This  would  be  done  by  practices  implemented  on
individual  farms.     Returns  would  be  collected  in  a  downstream  seep
ditch  or  tailwater  pond  and  pumped  up  for  reuse.

2.     Seasonal  Variations   in  Water Quality
The  point  of  maintaining  an  expendable  "put-and-take"  seasonal

fishery  was  discussed.     It  was  pointed  out  that  major  angler  demands
occur  during  the  season  Qf  traditi®na.lly  low  f low  in  the  Poudre
system.     Discussion  oriented  about  rna,intaining  a  cool  and  cold  water
fishery  upstream  from  the  City  of  Fort  Collins  Treatment  Plant  No.   2
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Access  by the  public  to.  the  main-stem  channel  is  geri`erally  -
regarded  to  rieed  improvement.     It  was  brought  out  in  the  meeting
that  there  are  other  enjoyable  uses  of  thTe  river  besides  just  that  r'
of  a  fishery,   such  as  good  aesthetics,   good  small  game  habitats,   and`     6\

5f:n:::;i::o::::t::sior:!:gp:i:: ::: g:::n:::ta:h:h:a:::nE;a!:5:I.  .,
The  presence  Qf  mud  flats,   silt,   turbid  returns,   and  odors  gener-
ally  decrease  the  aesthetic  value  of  the  river.     It  was  pointed  6uti•that  dry  stretches  in  the  river  below  the  headgates  of  ditches  that

•  :::::::::s;;::::::::;:::p!:::I::I:;t:::b:;:::::::a:::i::;::::::!o::;
end  of  the  Poudre  River  and  the  SC.   Vrain.     These  re`ptiles  are  ideally
suited  to  feed  off  the  abundant  small  fish.     Certain  individuals  seem
to  feel  that  silt  apparent.Iy  attributable  to  agricultural  returns  was.
a  major  factor  in  the  lack  of  a  fishery  in  the  downstream  end  of  the
Poudre.     Dr.   Post  felt  that  a  silt  problem  would  exist  even  with  a
stabilized ,water  flow.     Odor  problems  were  identified  below  the  City
of  Lovel.and  an`d  the  City  of  Longmont  treatment  plants.     Sediment
problems  were  id4enjtified  downstream  from  the  Windsor  discharge.     Such
conditions,  can {be  tolerated  by,]=ough  and  forage   fish  such  as  green
sunfi`sh  and~.tblack  bullheads=,-rsboth  of'which  are  game   fish.      The                  I
Presence  gf~algae  in  th~e=.Pro-udre  corresponds  to  a  cycle.     In  the  fall,
diatom;  are  the  most  abundant  form.     fln  the  spring,  blue-greens  and
greens  take  over.     Filamentous   forms  were  observed  below  Windsor..
Problems  are  also  experienced  with  algae  when  high  mountain  reservoirs
are  flushed  out.

4. f icial  F isher
-,`.-1 .,.,-,    ``:.      `.',,-          ;,.    -;i-.```    -,

The]-public  rel.ations,'.va`spect  of  maintaining  an  artificial  fishery
were  discussed.     What  would  be  the  effect  of  promoting  a  fish  kill  in
an  artificial  fishery  by  conditions  necessitated  by  irrigation
supply?    They  felt  that  the  public  relations  from  a  fish  kill  would  not
be  totally  negative.     It  would  stimulate  public  concern  and  interest,

--i      .            '                                                                                                                                                                                                                                                      '                  ,         ,
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and  would  also` serve  as  a  mrlit6rin.g  device.    Dr.  mrrison  painted
out  that  f ish  kill  reportedly occured  in  the  Big qhxpson  River  in
mid-July. of  1976:     Follow-tap  observations  failed  ±a  provide  any  con-i
firming  data.    The  whole  issue  tJas  scan  ahand[onea  a§  a  result  of
the  Big  Thompson  Flood.    ura¥ne  Seanap  of  the  Di¥ision  of  Wildlife
indicated  that  his  agener tgr®una  definitely  consider maintaining  a
fishery  ahove  Fort  Calling  H®.  I.    Because of the  risk  involved,
the  Division  prefers  t® enhance  an  existing  fishery rather  than
establish  a  new  fishery  in  a  possibly  pcor  area.    mucH  ptiblic  land
eixsts  between  the  Cit¥  of  F®rt  Collin§  RT®.   1  and  I-25,  which  prompts
many  people  to  look  upon,  tfris  area  as  des'irable  for establishing
a  fishery.    Dr.  Post  felt  that  the  1983\  gaels  were  attainble,  but
he .didn't  know  if  the  taxpayer  could  afford  the  meeting of  this
goal.    The  desire  of  more  water  for  treatrment  plants  must  not,however,  destroy  higrher  quality  fisheries  in  the  muntains  than  are
being  augmented  in  the  plains.

5.     Enhancenent of  a  Hountain  Fisfaerg  Versus E.stablishme}}t  of  a

These  goals  may  not  necessarily  be  adverse  to  one  another.    The
Division  of "ildlife  printed  ®u€  their uork  is  direc=±ed  touerds
satisfying  public  wants  and uisbes  aHa  the  erfuar}cenent  of  existing
fisheries  rather  than establishent.    meg trfull  respond through -public
pressure  to  whatever desire  the  general  populous might.  voice.    Thecurrent  attitude  of  the ptrfulic  seers  ta be that  a mountain  fishery
is  the  more  desirafole  alternative. `
6.     The South  Platte River §¥S€em

It was  pointed oat  that the Sout.h  Plat€e generalrty  stlpports  bass
and  bullheads  only  as  the  main  gang  fish.    TIte  St.  Vrain  Creek  is
reportedly  cinannelizea  thr®ugh®ut "ch of  its  lQver  end  greatly
reducing  its  desirability  as  a  fishery.

The  question  was  voiced  as  to  whether  an¥orie  is  really  aware  of
the  historic  distribution  of  trout  and Other  gffl[ie  fisb  in  the  Poudre
and  other  river  systems.    dac=k  REeutze  stated  that  hee  used  to  catch
trout  down  ky  Greeley  mQ.   2,  but  hasn='t:  heexp  able  €o  do  so  for  a  nun-
her  of  years.    There  may  be  sons  infolrmation  in  master's  theses  and
dissertations  at  CSU  on  this  su'bject.,    T'here  affe  also  staff  merthers
at  CSU  who.  may  be  a  useftil  resot]rce.

V.      FUTURE   REETINGS

It  may  be  t}seful  to  hange  fat:are  mreetings  €o  discuss  additional
findings  of  the  hydrQ|ogic  analyses of  the  208  consultants  and
historical  data  on  fishierie§  irl  the  regi®m.a  screams.    Jtoother
meeting  in  FebruarF  or  march might.  be  appropriate.
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