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A B S T R A C T  OF THESIS

A P P L IC A T IO N  OF A U TO M A TIC M ONITORS FOR

S T A T E  W A T E R  Q U A LITY  SU RV EILLAN CE

F ie ld  use o f  autom atic  w ater  quality m o n ito rs  began during the 

m id  1 9 5 0 's .  E x p e r ie n ce  gained s in ce  that t im e has r e v e a le d  that 

the b e s t  app lication  of autom atic  m o n ito r s  is  to supplem ent grab  

sam plin g  su rv e i l la n ce  s y s te m s .  When em p loyed  on a r e a l - t im e  

b a s is  using te le m e tr y  and com pu ter  p r o c e s s in g  of c o l le c te d  data, 

autom atic  m o n ito rs  are  capable  o f  sa tis fy ing  the abatem ent o b je c t iv e s  

o f  state w ater  quality m anagem ent ag e n c ie s .

P re se n t ly ,  on ly  f ive  r e l ia b le  s e n s o r s  (DO, T, pH, Cond, and 

Turb) are  ava ilab le .  With this lim itation , autom atic  m o n ito rs  are  

not p re se n t ly  able to p rov id e  100 p e rce n t  pollution  event d etect ion  

e f fe c t iv e n e s s .  H ow ever , the p resen t  s t a t e - o f - t h e -a r t  on s e n s o r  

d e tect ion  ability  ind icates  that a d etect ion  e f fe c t iv e n e s s  o f  g re a te r  

than 50 p e rce n t  is  p o ss ib le  using DO, T, pH, Cond, and T u rb  

s e n s o r s .  With this detect ion  cap ab il ity  the abatem ent o b je c t iv e s  o f  

a state w ater quality m anagem ent agency  can  be fu lfi l led  by design ing  

an autom atic  m on ito r in g  s y s te m  w hich  w ill  op t im ize  t ra ce a b il i ty  

(the a c c u r a c y  and exp ed ien cy  with w hich a pollution  event can be 

tra ce d ) .
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The n etw ork  of autom atic m on ito r in g  stations w hich  op t im ize s  

t ra ce a b i l i ty  is  ca l le d  the e f fe c t iv e  p r im a ry  netw ork . The d es ig n  

p r o ce d u re  d eve lop ed  in this study p ro v id e s :  (1) A  quantitative 

b a s is  fo r  determ in in g  the lo ca t ion  o f  e f fe c t iv e  p r im a ry  stations 

and (Z) A  m ethod  of re lating  abatem ent e f fe c t iv e n e s s  to the num ber 

o f  e f fe c t iv e  p r im a ry  stations.

The re la t ion sh ip  betw een  c o s t  and num ber of e f fe c t iv e  p r im a ry  

stations is d eve lop ed  by com puting  the c o s t  o f  autom atic  m on itor in g  

netw ork s  (1 -3 0  stations in s ize )  using average  co s ts  fo r  pu rch ase  

p r ice ,  installation , and f i r s t  year op eration  and m aintenance 

expend itures .

The c o s t  e f fe c t iv e n e s s  re la t ion sh ip  is generated  by co m p a r in g  

co s t  and abatem ent e f fe c t iv e n e s s  while sum m ing o v e r  the num ber 

o f  stations c o m p r is in g  the e f fe c t iv e  p r im a ry  netw ork . The c o s t -  

e f fe c t iv e n e s s  re la t ion sh ip  re v e a ls  the benefits  gained in abatem ent 

e f fe c t iv e n e s s  per in crem en t  o f  c o s t  f o r  the a cqu is it ion  o f  each  

e f fe c t iv e  p r im a r y  station. A  schedu le  f o r  e f fe c t iv e  p r im a r y  station 

a cqu is it ion  is a lso  indicated .

M a rc  S y lvester  
Z o o lo g y  D epartm ent 
C o lo ra d o  State U n iv ers ity  
F o r t  C o llin s , C o lo ra d o  
August, 1972
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C H A P T E R  I

INTRODUCTION

" A c c o r d in g  to John E sp os ito ,  one o f  Ralph N a d e r 's  R a id e rs ,  

'm o n ito r in g  is  not v e r y  s o p h is t i c a t e d -----at one e n fo rce m e n t  c o n -

fe re n ce ,  o f f i c ia ls  had to go out in a row  boat and s co o p  up w ater 

s a m p l e s . ' "  The above quote appears in the June-Ju ly  1971 is su e  

o f  National W ild life .  P erh a p s  the w ord ing  is  a bit harsh , yet at 

the National S ym p os iu m  on Data and Instrum entation  fo r  W ater 

Quality M anagem ent held at M adison , W isco n s in  July 21 -23 , 1970, 

s im ila r  view s w ere  a ired  by w ater quality m a n a g e rs .  At this 

sy m p o s iu m  " fe w  if any regu la tory  agen cies  w ere  p re p a re d  to o f fe r  

an sw ers  to the frequ en tly  asked question  of whether our w aterw ays  

a re  in better  o r  w o r s e  condition  today than they w e re  at variou s  

p e r io d s  in the past" (E. J. C leary , 1970).

A n sw ers  w e re  not available  b e ca u se  w ater quality su rv e i l la n ce  

s y s te m s  had fa iled  to p rov id e  the n e c e s s a r y  data. In part, this is 

due to the inab ility  o f  state ag en c ies  to d e term in e  data needs to m e e t  

their  o b je c t iv e s .  A lso ,  su rv e i l la n ce  techn iques  had not been 

evaluated  as to their  ab ility  to supply the type o f  data n e c e s s a r y  to 

m atch  state w ater quality co n tro l  o b je c t iv e s .



The p u rp ose  o f  this study is to elucidate  the r o le  autom atic  

m o n ito rs  can play in sa tis fy ing  the data needs o f  state w ater quality 

m anagem ent a g e n c ie s .  This  r o le  w ill  be d e term in ed  on the bas is  of 

a c o s t - e f f e c t iv e n e s s  an a lys is .

In d eve lop ing  the c o s t - e f f e c t iv e n e s s  analysis , the subsequent 

steps are  fo l low ed :

1 . A rev ie w  o f  l ite ra tu re  perta in ing to the explanation, a p p l ica -

tion, cap ab il it ies ,  and l im ita tions  o f  autom atic  m on itor ing ;

2. D eterm ination  of sp ill  d etect ion  ability  based  on sam pling  

freq u en cy  and p a ra m e te r  lim itation ;

3. D eve lop m en t o f  a re la tionsh ip  betw een abatement e f fe c t iv e n e ss  

and num ber of m on itor in g  stations;

4 . D eve lop m en t o f  a re la t ion sh ip  betw een  c o s t  and num ber of 

stations; and

5. G eneration  o f  the c o s t  vs e f fe c t iv e n e s s  re la tionsh ip .



C H A P T E R  II

R E VIEW  OF L IT E R A T U R E

D efin ition  and Explanation o f  Autom atic  M on itor in g  System s

To begin, a c o n c is e  defin ition  o f  autom atic  m o n itor in g  is , 

"C ontinu ous  m u lt ip a ra m eter  m e a su re m e n t  o f  w ater quality 

c h a r a c t e r is t i c s "  (B a llinger , 1968a), The d es ig n  s p e c i f ica t io n s  of 

s y s te m s  fu lfi l l ing  the above req u irem en ts  are  d e s c r ib e d  by Mentink 

( 1968). In general, such a s y s te m  re q u ire s  three  functional m od u les  

as shown in F ig u re  1. (1) f low  ch am ber ;  (2) ana lyzer ; and (3) ou t-

put com ponent.

Support equipm ent is n e c e s s a r y  unless  an im m e r s io n  m o n ito r  

is em ployed . U sually  a she lter  is needed  to house the m o n ito r  and 

p rov id e  w eather p rotect ion .  A lso , a p os it iv e  d isp la cem en t  sub-

m e r s ib l e  pump is re q u ire d  (United States D epartm ent o f  Interior, 1966). 
«

Im m e r s io n  m o n ito rs  do not req u ire  a f low  ch am ber  s in ce  the 

an a lyzer  and output com ponents  are  su b m erged  in the w ater  body 

being sam pled  (F igu re  2). F o r  the sam e reason , support equipm ent 

such as she lter  and pump is not n e c e s s a r y  (P a lm e r ,  1969)»

O peration  o f  an autom atic m o n itor in g  sy s te m  entails sam ple  

c o l le c t io n  by su b m e rs ib le  pump and intake line, ana lysis  by 

p a r a m e tr ic  s e n s o r s  lo ca ted  in the f low  ch am ber ,  signal condition ing



Output Component

Analyzer

Flow Chamber

F ig u re  1. A u tom atic  m on itor  showing functional m od u les .
(C ou rtesy  of A utom ated  E nvironm ental System s, In c .,  
AES)
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Figure 2. Im m ersion  m onitor showing sensor  assem bly . (Courtesy of P lessey  
E lectron ics)

U1



in the ana lyzer  phase, and data r e c o r d in g  and/ o r  t r a n s m is s io n  in 

the output m od u le  (C leary ,  1967).

A  fa ir  amount o f  f le x ib i l i ty  is a llow ed  in the ch o ic e  o f  r e c o rd in g  

m o d e .  The m ethods  ava ilab le  include on site  s tr ip  chart  r e c o r d in g  

(F ig u re  3), punched paper tape (F ig u re  4), o r  m agn etic  tape (Mentink, 

1968 cind A n d e rso n ,  Jam es J., 1970b). R e c o r d in g  fo rm a t  can be e ither 

analog  o r  d igital (Mentink, 1968). When te le m e tr y  is  em ployed , 

output d e v ic e s  a re  lo ca ted  at a cen tra l  r e c e iv in g  station containing 

the co m p u te r .  The sam e ch o ice  o f  r e c o r d in g  m o d e  is  availab le  

e x ce p t  that here  it is  adv isab le  to p e r fo r m  te letype  lo g  sheet d isp lay  

in addition to other data logg ing . Thus, rapid detect ion  o f  w ater 

quality changes as w ell  as data s to ra g e  fo r  la te r  s ta tis t ica l  ana lyses  

a re  p rov id ed  (United States D epartm ent o f  In ter io r ,  1966).

T e le m e tr y  re q u ir e s  tra n sm itte r  com pon ents , com m u n ica t ion s  

link, in ter fa ce ,  com pu ter , and output d e v ic e s  as i l lu s tra ted  in F igu re  

5 (A nderson , Jam es J., 1970b and Mentink, 1966). The tra n sm itter  

m odule  is  c o m p o s e d  o f  a p ro g ra rn m e r  w hich sequ en ces  s e n s o r  

re co rd in g ,  an input a d d r e s s o r  w hich  ass ig n s  se n so r  s ignals  to the 

ap p rop ria te  m e m o r y  storage  m odule , and an output a d d r e s s o r  w hich 

c a l ls  f o r  t r a n s m is s io n  of va lues conta ined  in the m e m o r y  s torag e  

m od u les  (F igu re  6). The com m u n ica t ion s  link  m ay  be te legraph , 

telephone, radio, m ic ro w a v e  o r  a com bination  of these (Smoot, 1970). 

The in te r fa ce  shown in F ig u re  6 contains the r e c e iv e r  w hich  a ccep ts



F ig u re  4. Punched paper tape r e c o r d e r .  
(F r o m  Ballinger, 1968)



F ig u re  5. C o m p u te r -b a s e d  data acqu is it ion  sys tem . 
A nderson , Jam es J. , 1970b).

(F r o m
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F ig u re  6 . T e le m e tr y  s y s te m  functional b lo c k  d iagram , 
f r o m  Smoot, 1970).

(M od if ied



1 1

s ignals  f r o m  the m o n ito rs  and co n v e r ts  th ese  fo r  d isp lay  o r  r e c o rd in g  

(A nderson , Jam es  J. , 1970 and Mentink, 1966). F o r  a d is c u s s io n  of 

the co m p u te r  fa c i l i t ie s  available, see  A nderson , Jam es J. , 1970).

T e le m e tr y  m ay  em p loy  e ither cinalog o r  digital fo rm a ts  fo r  data 

t r a n s m is s io n  (Shubrooks, 1968). A lso , a te le m e tr y  s ts tem  m ay be 

adapted fo r  sim ultaneous tw o -w a y  com m u nication , duplexing 

(Sm oot, 1970). T w o -w a y  com m u n ica t ion s  a llow  functional com m ands  

(pum p and autom atic  s a m p le r -a c t iv a t io n ,  A. C. pow er  con tro l ,  e t c . )  

to be sent to the m o n ito r  f r o m  a cen tra l r e c e iv in g  station. Thus, 

c o m p u te r  co n tro l  o v e r  the op era t ion  o f  the entire  te le m e tr y  and 

m on ito r in g  netw ork  is p o ss ib le  as shown in F ig u re  7 (A nderson ,

Jam es  J . , 1970b).

T h ere  are two ap p roach es  to continuous m e a su re m e n t  o f  w ater 

quality  c h a r a c t e r is t i c s .  One em p loys  e l e c t r o - c h e m ic a l  p robe  type 

s e n s o r s ,  w hile  the other u t i l izes  autom ated w e t - c h e m ic a l  ana lyses  

(B a ll in g er ,  1968a and Jones and J oyce ,  1961). A  d is c u s s io n  on the 

b a s ic  op era t ion  o f  e l e c t r o - c h e m ic a l  p robes  is given by F ick e n  (1970).

M ost  o f  the fo llow in g  d is c u s s io n  on the application  o f  autom atic 

m o n ito r in g  sys tem s  w ill  be r e s t r i c t e d  to e l e c t r o - c h e m ic a l  p ro b e -ty p e  

m o n ito rs ,  b eca u se  p resen t  w e t - c h e m ic a l  m o n ito rs  are  not suitable 

fo r  f ie ld  use  re q u ir in g  unattended op era t ion  (O 'B r ie n  and O lsen , 1970 

and B a ll in ger ,  1 971 b and Maylath, 1970a).
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F ig u re  7. C o m p u te r -b a s e d  data a cqu is it ion  and co n tro l  system . 
(M od if ied  f r o m  A n derson , Jam es J. , 1970b).



A pplication  of A utom atic  M on itors

T o  avoid a lengthy d is c u s s io n  on the use o f  autom atic  m o n ito rs  

f o r  both fresh w a ter  aind effluent m on itor ing , applications  are  

s u m m a riz e d  in T a b le  1. The table is intended to be usefu l as an 

index w h ereby  the re a d e r  m ay  loca te  those  app lications  w hich  m o st  

c l o s e ly  p ara lle l  his in terest .  Once d e term in in g  the app lication (s )  of 

in terest ,  the re a d e r  m ay  loca te  l ite ra tu re  on the app lication (s )  by 

r e fe r r in g  to the r e fe r e n c e  s o u r ce  given  in the far right co lum n o f the 

table .

13

Initial D eve lop m en t of Instrum entation

Initial d eve lop m en t o f  autom atic  m on ito r in g  instrum entation  was 

undertaken by variou s  in dustr ies  to p rov id e  a m eans o f  p r o c e s s  c o n -

tro l  (M arks , 1966). Beginning in the m i d - 1 9 40 's  with the in troduction  

o f  the la b o r a to r y  pH m e te r  fo r  on line use, m any la b o r a to r y  in s tru -

m ents have been adapted fo r  p r o c e s s  s tre a m  m o n ito r in g  (C onsid ine, 

1965 ). A  l is t  o f  availab le  p r o c e s s  s tre a m  m o n ito rs  and their  

app lication  in va r iou s  in d u str ies  is given by Kehoe (1965).

L a b o r a to ry  instrum ents  are used  in a co n tro l le d  env iron m en t 

with frequent standardization  (B abcock , 1970). This is not the ca se  

in a natural w ater  body w h ere  the m on itor  op era tes  unattended and 

m ay  be su b ject  to w ide and rapid  varia tion s  in env ironm enta l 

cond itions  (F e ltz  and Sm oot, 1969)- The s ig n if ica n ce  o f  this



T A B L E  1. A p p lica tion  o f  A u tom atic  M on ito rs

System  Name 
and /or

Agency Involved

Where

Employed

When

Employed

Type of 
Water 

Sampled

Number Type of 
of

Stations System

Param eters

M easured

R ecording

Technique Purpose Data Use

R eference 

Source( s)

uses Delaware
Estuary

1955-- Estuarine 8 In situ DO, pH.Cond, 
T. Turb, S 
Rad, Cl, 
Stage, ORP

Strip chart 
w /o  te le -
m etry & 
ppt.

Suppl. grab sa. 
program . D e-
tect rapid flucu- 
ations in w. q.

Regulation: 
Water & 
Waste T rea t-
ment control

M cCartney and 
B eam er, 1962 
K eyser, 1964

uses Patuxent
R iver
Estuary

1963-- Estuarine 1 In situ T,DO, Cond, 
Turb, Stage

Strip chart 
w /o  te le -
m etry

Suppl. grab sa. 
program . Rapid 
flucuations & 
Diurnal variations

R esearch : 
E ffects of 
therm alpol- 
lution on b io -
log ica l life  
o f estuary

C ory and Davis. 
1965. Nauman 
and Cory, 1970

EPA/W QO Potom ac 
R iver & 
Estuary

Freshwater
&

Estuarine

4 In situ DO, T, Cl T elem etry P rovide real 
time continuous 
record s  o fw .q .

PI anning: 
m athem ati-
cal m odels

M cDerm ott, 
B allinger and 
Sayers, 1968

EPA/W QO New York 
Harbor

1963-- Freshw ater
&

Estuarine

5 [n situ pH, Cond, T 
DO, Turb, 
ORP, S R ad

ppt at the 
site &r te le -
m etry / twls 
& ppt

H istorical, con -
tinuous record s  
o f water quality

Planning: 
m athem ati-
cal m odels

B rom berg and 
C aram es, 1970

EPA/W QO Hudson-
Delaware
Basin

- - Freshw ater
&

Estuarine

M obile
Van

- - C ollect w. q. 
data in rem ote 
areas

Dewling, 1969

E P A / WQO Oregan 1968-- Freshw ater 3 M obile 
T ra ile r

pH, Cond, DO, 
T

Strip chart 
w /o  te le -
m etry

O'neal, 1971

EPA/W Q O & 
M etro. St. Louis 
Sanitation D istrict

M is s is -
sippi R iver 
in M issouri ■■

Freshwater M obile
Boat

DO, T, Cond, 
pH

Determ ine ex -
tent o f pollution 
in 1 00 m i. stretch 
of M ississ ip p i R.

Regulation; 
Water & 
Waste trea t-
ment con trol

Anon. , 1969

Bureau o f 
Reclam ation

C alif. Cen. 
Valley P ro -
ject

'9 6 5 - - Fre«hw ater
&

Estuarine

M obile
T ra iler

Cond, T, Turb, 
DO, pH, S Rad

Strip chart 
w /o  te le -
m etry

C ollect w. q. 
data in rem ote 
areas. D eter-
m ine flucuations 
in salinity

Regu' ation; 
Water quality 
to control 
quality. 
Planning;
New
rese rv o ir ( s)

A non ., 1 967 
M arks, ' 966

Ohio R iver V alley 
Water Sanitation 
C om m ission  
(ORSANCO)

Ohio R iver 
Valley

I9 6 0 -- Freshwater 27 In situ 
&

1 Mobile

pH, T, Cond, 
DO, Cl, ORP, 
S Rad

T ele /ppt 
& Computer 
con trol & 
processin g

Suppl. grab sa. 
program  with 
realtim e system

Regulation: 
Evaluate p o l-
lution control 
efforts

C leary, 1962 
Klein et a l . , 
1968



T A B L E C ontinued

S ystem  N am e W here When T ype o f N um ber T ype o f P a ra m e te rs R e co rd in g R e fe re n ce
a n d /o r W ater o f

A gen cy  Involved E m ployed E m p loyed Sam pled Stations S ystem M ea su red T ech n iqu e P u rp o se Data U se S ou rce ( s)

In tersta te  C om - 
n u s s io n  fo r  the 
D ela w a re  R iv e r  
B asin  (IN CO DEL)

E m p ire  State 
S ystem

New J e r s e y  
State D ept, o f  
E n viron  P r o -
te c t io n  & USGS

P enn sy lvan ia  
D ept, o f  H ealth

W iscon sin  D ept, 
o f  N atural 
R e s o u r c e s

W isco n sin  D ept, 
o f  N atural 
R e s o u rce s

D ept, o f  
E co lo g y  State 
o f  W ashington

T exa s  W ater 
P o llu tion  C on -
tr o l  B oa rd

D elaw are
R iv e r
B asin

New Y ork  
State

1959-

1966-

N ew  J e rs e y  I 968 - -

P enn sy lvan ia  1 9 6 5 --

W isco n sin  1 9 6 8 --

W isco n sin  1 9 7 0 --

W ashington 1969- 
State

G alveston  1963- 
Bay

F re sh w a te r  12 
&

E stu arin e

F re sh w a te r  12

F re sh w a te r  10

F re sh w a te r  2

F resh w a ter

F resh w a ter  11

F resh w a ter

E stu arin e

In situ

In situ

T , pH, Cond, 
DO, T u rb

pH, C ond, DO, 
T, T urb , Stage 
C l, F, S R ad.

In situ Cond, T , pH, 
T urb, DO

In situ pH, C ond, T

M ob ile  T , DO, pH, 
T r a i le r  C l, ORP,

Cond, S Rad

In situ DO, T , pH, 
T u rb

M ob ile  DO, T , Cond,
T r a i le r  T urb, pH,

Cl

M o b ile  DO, C ond,
B oat pH, T

S trip  ch art 
w / 0 t e le -
m etry

Suppl. grab  sa . 
p ro g ra m

P lanning; 
M ath em ati-
ca l  m o d e ls

P a rk e r , 1961 
Sm ith and 
M o r r is ,  1969

T e le m e tr y / 
C om pu ter 
C on tro l & 
P r o c e s s in g

Suppl. g rab  sa . 
p ro g ra m  & p r o -
vide  ra p id  in te l li -
gen ce  sy s te m  to 
p ro te c t  state 
w a ters

R egu lation : 
W ater & 
W aste tr e a t -
m ent co n tro l 
P lanning: 
M ath em ati-
ca l  M od e ls

M aylath , 1970a 
M aylath, 1970b

ppt w / 0 
te le m e try

Suppl. g rab  sa . 
p ro g ra m

P lanning: 
T ren d s  in 
w . q .

A n d erson  et. 
a l . ,  1970

ppt &
p rin ter  w /o  
te le m e try

Supply data on 
A c id  m in e 
d ra in a ge

- - M entink, 1970

S trip  ch art 
w / 0 t e le -
m e try

Suppl. grab  sa . 
p ro g ra m . S pecia l 
su rv e y s , diurnal 
va ria tion s

R egu la tion :
F orm u la te
s td s . L oca te
pollu tion
s o u rce
R e se a rch :

A n on ., 1968 
Schaufnagel,
19 71

T e le m e try / 
C om pu ter 
P r o c e s s in g  & 
co n tro l

A n o n ., 1968 
S chaufnagel, 
1971

- - C o lle c t  H is to r ica l 
data

- - P a lk o, 19 7 1

- - D e te rm in e  a ffe cts  
o f  Indus. St M u nic. 
pollu tion  o f w . q.
& fish

Planning;
W ater
pollu tion
m an ag e -
m ent

D a v is , 1966

(in



T A B L E  1. Continued

S ystem  Nam e 
a n d /o r

A gen cy  Involved

W here

E m ployed

When

E m ployed

Type o f 
W ater 

S am pled

N um ber
o f

Stations

T yp e  o f 

S ystem

P a ra m e te rs

M ea su red

R eco rd in g

T echnique P u rp o se Data U se

R e fe re n ce  

S ou rce ( s)

G reater  C h ica g o ’ s 
M etrop o lita n  Sanita-
tion  D is tr ic t

C h icago,
111.

1 9 6 8 -- E ffuent
&

F re sh w a te r

In situ DO, T , Cond, 
pH, O R P , C l. 
T urb, S R ad

S trip  ch art 
ppt & tw ls

Obtain a better 
a p p ra isa l o f 
w . q . con d ition s

R egu lation : 
W ater & 
W aste tr e a t -
m ent co n tro l

Lanyonand 
K urland. 1971

D e tro it  S ew er 
M on itorin g  & 
R em ote  C on -
tro l  S ystem

D etro it ,
M ich .

C o lle c tio n
system

In situ B etter  u n d er-
stand b eh a v ior 
o f  s e w e r  & 
d ra in age sy stem s

R egu lation : 
w ater & 
w aste  tr e a t -
m ent co n tro l

Sahre, 1970

U n iv ers ity  o f 
N orth  C aro lin a

Chapel 
H ill, N .C .

I 9 6 0 - - F re sh w a te r
R e s e r v o ir

1 Sub-
m e r s -
ib le

T , DO, T e le m e tr y / 
s tr ip  ch art 
& ppt

Study m a te r ia l 
t ra n s fe r  through 
m eta lim n ion  in 
im poundm ent 
r e s e r v o ir s

R egu la tion :
W ater
Im poundm ents

W eiss  and 
O g lesb y , 1963

G e o rg ia  Institute 
o f  T ech n o logy

G eorg ia F resh w a ter M ob ile
Van

DO,. T , Cond, 
T urb , S tage,
Depth, S R ad

S trip  ch art 
w /o  t e le -
m e try

Study the 
a ffe cts  o f  s to rm s  
on w . q.

R e se a rch : 
R ela tion  
betw een  w ater 
flow  & 
quality

In g o ls , 1970

O n tario  W ater
R e so u rce s
C o m m iss io n

Lake E r ie 1 9 6 9 -- F resh w a ter 2 Im -
m e rs io n

pH, T , Cond, 
T urb , Depth, 
C u rren t (v e l -
o c ity  & d i r e c -
tion)

M agnetic
tape

D eterm in e  the 
d isp e rs io n  
ch a r a c te r is t ic s  
fo r  near sh ore  
a re a s  o f  G reat 
L akes

Planning: 
M ath em ati-
ca l M od els

P a lm e r and 
Izatt, 1970 
P a lm e r , 1970

O

N .C . = N orth  C aro lin a  
111. -  I llin o is  
M ich . -  M ich igan
E P A /W Q O  = E nviron m en ta l P ro te c t io n  

A g e n cy /W a te r  Q uality O ffice  
u s e s  = U nited States G e o lo g ica l S urvey  
M etro  = M etrop o lita n  
# = n u m ber
ppt = punched papertape 
w , q , -  w ater quality

A b b rev ia tion s

tw ls = typew ritten  lo g  sheet 
«td « = «standard«
Suppl. = Supplem ent 
sa . = sam plin g  
R = r iv e r s  
m i = m ile s  
w / o = w ithout 
indus = industia l 
m unie = m u n icip a l 
C a lif . = C a lifo rn ia

Cen = C en tra l
nH = n egative  lo g  o f  h ydrogen  ion  a ctiv ity  
DO = d is s o lv e d  oxygen  
T = tem p era tu re  
Cond = C onductiv ity
O R P  = O xidation  red u ction  potentia l 
C l = C h lor in e  (D is so lv e d  C h lorid e )
T urb  = tu rb id ity  
S R ad = S o la r  R adiation  
F  = F lu orid e



r e l ia n ce  on la b o r a to r y  se n so rs  fo r  in co rp o ra t io n  into autom atic 

m o n ito rs  w ill  be exam ined  la ter  under the sect ion :  N eeded  I m p r o v e -

m ents  in Autom atic  Instrum entation.

17

G enera l C om m ents  on Autom atic  M on itor in g  A pp lica tions

E xam ination  of Table  1 re v e a ls  that the app lication  o f  autom atic 

m o n ito rs  can be d iv ided  into the fo l low in g  c a te g o r ie s :

1 . F  edera l;

2. Interstate;

3o State;

4 . M unicipal; and

5. U n ivers ity  R e s e a r c h .

This  is the o r d e r  in which they appear in T a b le  1. A lso ,  note that 

actual f ie ld  use  o f  autom atic  instrum entation  did not take p la ce  until 

the m id  1 9 5 0 's (USGS - D e law a re  E stu ary ) .  In fact, m uch  o f  the 

in itia l w o rk  on the application  o f  autom atic  m o n ito rs  to m e a su re  w ater 

quality c h a r a c t e r is t i c s  was p e r fo r m e d  by the U. S. G e o lo g ica l  

S urvey . T h ese  initial sys tem s  w e re  only capable  of m e a su r in g  one 

o r  two w ater  quality c h a r a c t e r is t i c s  ( i . e . ,  e le c t r i c a l  conductiv ity  

a n d /o r  w ater tem p e ra tu re ) .  A lso , s tr ip  chart  r e c o rd in g  was 

standard, w hich  re q u ire d  manual e x tract ion  o f  the data. B ecau se  

this p r o c e s s  was v e ry  t im e con sum ing  and cost ly ,  c o n v e r s io n  to 

punch paper tape a n d /o r  t e le m e tr y  was c o m m e n ce d  in 1965. Both 

m ethods  have the advantage that r e c o r d e d  data is  com pu ter
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com p a tib le ;  that is , data r e c o r d e d  are  ready  f o r  com p u ter  p r o c e s s in g  

without p r io r  m anual m anipulation . M ost  o f  the som e  300 autom atic 

m on ito r in g  stations now op era ted  by the USGS e m p loy  this p r e fe r r e d  

type of data r e c o r d in g  (Blakey, 1970).

S im ila r ly ,  USGS insta llations have p r o g r e s s e d  to s y s te m s  

m e a s u r in g  m o r e  p a ra m e te rs :  D is s o lv e d  oxygen  (DO), Tu rb id ity  

(T urb),  Solar R adiation  (S. Rad), C h lorine  (Cl), Oxidation 

R eduction  Potentia l (ORP), pH, and Stage. All s e n so rs  are  packaged 

in one cabinet (See Table  1 - USGS applications  and r e fe r e n c e  

s o u r c e s ) .

Without rev iew in g  all app lications, perhaps other im portant 

advancem ents  and ach ievem en ts  in autom atic  m o n itor in g  can be 

d isp layed  by exam in ing  tw o v e r y  notable s y s te m s :  (1) O RSAN C O 's 

R ob ot  M on itor ing  N etwork, and (2) New Y o r k 's  E m p ire  State System .

The e a r ly  1960 's  saw the beginning o f  the app lication  o f  auto-

m a tic  instrum entation  to m on itor  w ater  quality on a reg iona l, 

dra inage basin  b a s is .  F ir s t  d eve lopm ents  o f  this kind w e re  u n d er -

taken by the Ohio R iv e r  V a lle y  Sanitation C o m m is s io n ,  ORSANCO 

(A n on .,  1963). M uch p re l im in a ry  thought and investigation  was 

g iven  to an autom atic w ater  quality data a cqu is it ion  b e fo r e  a fo rm a l  

p r o g r a m  was initiated in 1958. The f i r s t  phase of this p r o je c t  was 

to investigate  instrum ent availability , cap ab il ity  and re l ia b i l i ty .

This  was fo l lo w e d  by the se le c t io n  of instrum ent type and the
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insta llation  o f  a prototype  sy s tem . E le c t r o - c h e m ic a l  p rob e  type 

a n a ly ze rs  w e re  found p r e fe r a b le  to autom atic  w e t - c h e m ic a l  units 

b eca u se  of the s ignal req u irem en ts  o f  the te le m e tr y  com pon en t and 

the re m o te  lo ca t ion  of the m on itors  m ade reagent rep len ish m en t 

d iff icu lt .  The p rob e  type unit ch osen  was des ign ed  by Schneider 

Instrum ent Com pany and te rm e d  " R o b o t  M o n it o r ."  T h e se  an a lyzers  

w e re  capable  of m e a su r in g  pH, tem p era tu re  (T) conductiv ity , (C on d .) ,  

DO, c h lo r id e s ,  O R P , and so la r  radiation . The prototype  unit was 

an in tegrated  s y s te m  co n s is t in g  of the th ree  b a s ic  m od u les  m entioned  

e a r l ie r .

O perationa l as of S eptem ber I960, the prototype unit em p loyed  

t e le m e tr y  with data being transm itted  to ORSANCO h eadqu arters  in 

Cincinnati, Ohio. T h ere ,  a data logg in g  fa c i l i ty  was p rov id ed . 

S u cce ss fu l  operation  o f  the prototype unit a llow ed  fo r  expansion  of 

the s y s te m . The resu ltin g  n etw ork  co n s is te d  o f  s ix  te le m e tr y  units 

on the upper Ohio R iv e r  and five o n -s i te  str ip  chart r e c o r d in g  units 

stationed on the lo w e r  Ohio (C leary ,  1962).

The ORSANCO sy s te m  now c o m p r is e s  27 autom atic  m on itor in g  

stations (17 on the Ohio and 1 0 on tr ibu tar ies )  (Ohio R iv e r  V a lley  

Sanitation C o m m is s io n ,  1969)* In addition, a m o b ile  v e r s io n  o f  the 

rob o t  ana lyzer  has been used in sp ec ia l  studies w hich em p loys  o n -s i te  

s tr ip  chart r e c o rd in g  (A n on .,  1963).
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The in situ sy s te m  is  fu lly  integrated  with data t e le m e te r e d  to a 

cen tra l  r e c e iv in g  station w here  an IBM  1130, 2B com p u ter  p r o c e s s e s  

the data (K lein  et. al. , 1968). Data are not just  c o m p ile d  and s tored ; 

s ta tis t ica l  ana lyses  are p e r fo r m e d  resu lting  in m onthly and annual 

r e p o r ts .  R ep orts  contain  tab les , graphs, charts  and qu a ligram s show -

ing m axim um , m in im um , and average  va lues fo r  each  p a ra m eter  in r e -

lation  to station, tim e o f  year, and w ater quality c r i t e r ia .  N aturally , 

these  re p o r ts  are  exce l len t  fo r  public re la tions  and aid state and 

ORSANCO o f f ic ia ls  in evaluating the e f fe c t iv e n e s s  o f  the ir  pollution  

con tro l  e f fo r ts  (Ohio R iv e r  V a lley  Sanitation C o m m is s io n ,  1970 and 

Ohio R iv e r  V a lley  Sanitation C o m m iss io n ,  1969)-

M any states have en tered  the f ie ld  of autom atic  w ater  quality s u r -

v e il la n ce  (T ab le  1). M ost notew orthy  is New Y o r k 's  E m p ire  State S ys -

tem . The m ain  pu rp ose  of this autom atic  netw ork  is  to " p r o v id e  a rapid 

in te ll igen ce  sy s tem " to p ro te c t  the w aters  and w ater u s e r s  o f  the state. 

E m phasis  is  p laced  on rapid  r e t r ie v a l  and analysis  o f  data to y ie ld  instan-

taneous rep orts  on the preva il in g  w ater quality cond itions  (Maylath, 1970b).

L ike  O RSAN C O 's R obot  N etw ork  m entioned  p rev iou s ly ,  m uch  p r e -

l im in a ry  r e s e a r c h  w hich began in I960 was n e c e s s a r y  b e fo re  any in s ta l la -

tions cou ld  be m ad e . A  prototype n etw ork  was insta lled  in 1966 with the 

purchase  of two e le c t r o - c h e m ic a l  p ro b e -ty p e  m o n ito rs  (Maylath, 1970a). 

An exhaustive study o f  w e t - c h e m ic a l  m o n ito rs  r e v e a le d  that they w e re  

re a l ly  not s a t is fa c to ry  f o r  unattended f ie ld  use  (O 'B r ie n  and O lsen ,

1970).



F ie ld  e x p e r ie n ce  using the prototype  p rob e  s y s te m  y ie ld ed  the 

fo l low in g  co n c lu s io n s :  (Maylath, 1970a).

1 . A u tom atic  m o n ito rs ,  i f  applied in a true r e a l - t im e  com p u ter  

approach , are n e c e s s a r y  to supplem ent a grab  sam pling 

p rogra m ;

2. A  w ell tra ined  team  of en g in eers  and tech n ic ian s  is 

n e c e s s a r y  to m aintain  the system ; and

3. The m on ito r in g  s y s te m  should be expanded.

2 1

Thus, steps w e re  taken in 1969 to p rodu ce  a s m a l l - s c a le  m on itor in g  

n etw ork  co n s is t in g  o f  1 2 m o n ito rs ,  with te le m e tr y  and cen tra l  

com p u ter  p r o c e s s in g  o f  data. A  B u rroughs  B3500 com p u ter  was the 

heart o f  the sy s tem . E v e r y  attempt was m ade to in c o r p o ra te  the 

la test  d es ig n  fea tu res  into the m o n itor in g  sy s te m . M o n ito rs  w e re  

equipped with se n so rs  m e a su r in g  pH, d is s o lv e d  oxygen, conductiv ity , 

w ater  tem p era tu re ,  turbidity, stage, d is s o lv e d  ch lo r id e s ,  d is s o lv e d  

f lo u r id e s ,  so la r  radiation  and a ir  te m p e ra tu re .  In addition, 

env ironm enta l p a ra m eter  a la rm  s e n s o r s ,  autom atic  sa m p le rs ,  

equipm ent status s e n so rs ,  and functional com m a n d  equipm ent w ere  

included  f o r  better  co n tro l  o f  ana lyzer  operation . M on itors  w e re  

housed  in t r a i le r s  equipped with a lab plus a ir  condition ing and 

heating. L e a se d  te lephone lines  w e re  e m p lo y e d  to tran sm it  data to 

the cen tra l  com p u ter  station (Maylath, 1970a).
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M on itor in g  stations w e re  po lled  e v e r y  hour with data t ra ve lin g  

to the co m p u te r  and re m o te  te r m in a ls .  R em ote  te rm in a ls  are  an 

in tegra l part o f  the o v e r a l l  s y s te m  s ince  they are  insta lled  at w ater 

and w aste  treatm en t plants. Data r e c e iv e d  h ere  are  instantaneously  

ava ilab le  f o r  a lter in g  plant p r o c e s s e s  in re la tion  to p reva il in g  w ater 

quality and quantity. Data r e c e iv e d  at the com p u ter  cen ter  is  a lso  

d isp lay ed  fo r  rapid  co n tro l  o f  the wa.ter r e s o u r c e .  H ow ever, 

s ta tis t ica l  ana lyses  are a lso  p e r fo r m e d  w hich are the b a s is  f o r  

daily, m onthly  and annual re p o rts  (Maylath, 1970b).

Future plans are  to en large  the sm a ll  s ca le  s y s te m  into a basin  

netw ork , with data te le m e te re d  to the cen tra l com p u ter  p r o c e s s in g  

station. M athem atica l m o d e ls  o f  each  basin  are  being p rep a red .

Data f r o m  the basin  netw orks w ill  then be fed into the m ath em atica l 

m o d e ls  to a s ce rta in  (Maylath, 1970b):

1 . The w ater  quality at all points in a s tre a m  (not ju st  at the 

m on itor in g  station);

2. P r e d ic t io n  t im es  fo r  pollutant sp il ls  to tra v e l  dow n stream ;

3. The s o u r ce  of a pollutant; and

4 . The best  location , design , and op era t ion  of w ater and waste 

treatm en t plants.

The above d is c u s s io n  w il l  hopefu lly  s e rv e  to in fo r m  the rea d er  

o f  the cap ab il it ie s  o f  fu lly  integrated, r e a l - t im e  autom atic  m on itor in g  

s y s te m s .  Note that som e states u t i l ize  m o b i le  m o n ito rs  (T ab le  1).



The advantages and shortconaings o f  these  m o b i le  units, in c o m -

p a r ison  with in situ m on itors  m entioned  above, w ill  be d e s c r ib e d  

la ter  under the section : N eeded Im p rovem en ts  in Autom atic  

Instrum entation . F o r  a com p le te  re v ie w  o f  other applications, 

the re a d e r  m ay  e ither r e fe r  to the l ite ra tu re  c ited  in T ab le  1 or  

consu lt  Section  7 of "D ata  A cqu is it ion  S ystem s in W ater Quality 

M anagem ent" (W ard, 1971).
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The A b il ity  o f  A utom atic  M on itor ing  
to Satisfy  the Data N eeds of 

State W ater P o llu tion  C on tro l  A g en c ies

The p rev iou s  d is c u s s io n  has shown how autom atic  m o n ito rs  are 

applied  in w ater quality su rv e i l la n ce  p r o g r a m s .  H ow ever, two v e r y  

b a s ic  and im portant questions rem a in  unansw ered ; (1) why are  

autom atic  w ater  quality data c o l l e c t e d , and (2) what are  the data used 

f o r  once  they have been c o l l e c t e d . A n sw erin g  these  questions  w ill  

help  to define the ability  o f  autom atic  m o n ito rs  to sa t is fy  the data 

needs  o f  state w ater pollution  co n tro l  a g e n c ie s .

The foundation fo r  understanding the need  for  and the utility of 

autom atic  m o n itor in g  data a re  based  on two fa c ts :  (1) grab  sam pling  

has m any sh o r tco m in g s  when applied  to situations w here  w ater  

quality fluctuates rapidly , and (2) w ater  quality m anagem ent is 

b e c o m in g  m o r e  co m p lex ,  requ ir in g  r e a l - t im e  data.
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T o begin, Klein, et. al. (1968) states that there  are  three  

d e f ic ie n c ie s  in grab  sam pling p r o g r a m s :

(1) c o s t

(2) l im ita t ion s  on the fre q u e n cy  with w hich  ana lyses  can be m ade

(3) t im e  lag  betw een c o l le c t io n  o f  sam p les  and r e c e ip t  of 

ana lytica l resu lts  fo r  s tr e a m  evaluation p u rp o se s .

C o s t  and l im ita tions  on fre q u e n cy  m ust be c o n s id e r e d  togeth er .  

F re q u e n cy  lim itations  are m a in ly  re la ted  to m an p ow er  lim ita t ion s .  

As applied  to g rab  sam pling, in c r e a s e d  sam pling rate m eans 

in c r e a s e d  f ie ld  and la b o ra to ry  p erson n e l to c o l l e c t  and analyze 

sam p les  with a co n cu rre n t  in c r e a s e  in op eration a l exp en ses  (Anon. , 

1970).

In c o m p a r iso n ,  the m a jo r  advantage o f  autom atic m o n itor in g  

is  the in c r e a s e d  capability  fo r  high fre q u e n cy  sam pling  (B a llinger , 

1971a). N e v e r th e le ss ,  autom atic  instrum entation  d oes  not elim inate  

f ie ld  and la b o r a to r y  p erson n e l b eca u se  o f  the n e c e s s i ty  o f  p e r io d ic  

m aintenance  on autom atic equipm ent (S ayers , 1971). Indeed, 

p erson n e l req u irem en ts  are  such  that h igher sa la r ie s  are  req u ired  

to obtain peop le  with the n e c e s s a r y  qua lif ica tions  (S ayers , 1971).

While autom atic  m o n itor in g  has som e  advantages with r e s p e c t  

to m an p ow er  lim ita tions , the wealth  o f  data produ ced  in c r e a s e s  

op era t ion a l c o s ts  due to the n e c e s s i t y  of expensive  data handling 

p r o ce d u r e s  (S ayers , 1971). E ffe c t iv e  data in terp reta tion  and
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ana lys is  req u ire  d igital co m p u te rs  (B a ll in ger ,  1971a). O RSAN C O 's 

robot  m on itor  s y s te m  c o l le c t s  so m uch  data that it w ould  take 150 

m a n -y e a r s  to p r o c e s s  all the data c o l le c te d  during only one year 

(Klein, et. a l . , 1968).

Taking the above fa c to rs  into con s id era t ion , as w e ll  as in s ta l la -

tion and m aintenance c o s ts  a s so c ia te d  with autom atic  m on itor ing , 

autom atic  instrum entation  is  fa v o re d  on a lea s t  c o s t  b a s is  when a 

sam pling fre q u e n cy  g rea ter  than d a ily  is  d e s ir e d  (B a llin ger , 1971a).

H ow ever, the t r a d e -o f f  betw een autom atic  and m anual sam pling 

in v o lves  other co n s id e ra t io n s  a lso .  A c c o r d in g  to Klein, et. al. 

(1968), the th ird  d e f ic ie n c y  of grab sam pling  is the t im e lag  between 

c o l le c t io n  and r e c e ip t  o f  analytical r e su lts .  This top ic  w ill  a lso  be 

d is c u s s e d  la ter  in re la tion  to the need  for  rea l  t im e data fo r  water 

quality m anagem ent. F o r  the p u rp oses  here , it w ill  be su ff ic ien t  

to  note that grab  sam plin g  p ro g ra m s  entail t im e con su m in g  c o l le c t io n  

and analysis  p ro ce d u re s  (C leary , 1962). Grab sam pling  p ro g ra m s  

applied  to situations involv ing  rapid fluctuations in w ater  quality 

m ay  be v e r y  ine ffic ien t  and exp en sive  due to the la rg e  p rop or t ion  o f  

t im e spent in c o l le c t io n  o f  sa m p les  and tra v e l  betw een stations and 

to the la b o r a to r y  (Mentink, 1970).

Another p r o b le m  in grab  sam pling  a sso c ia te d  with t im e  consum ing 

c o l le c t io n  and tran sporta t ion  is  the r e t r ie v a l  of a rep resen ta t iv e  

sam ple .  "In  genera l,  the so o n e r  the sam ples  are  analyzed  after the
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co l le c t io n ,  the m o r e  r e l ia b le  the data" (Ball, 1970). Th is  is  true 

b eca u se  a fter  sam ple  co lle c t ion ,  changes in co m p o s it io n  m ay  o c c u r  

rap id ly  (Glenn, 1970). P a ra m e te r s  such as tem p era tu re ,  d is s o lv e d  

ga ses ,  and pH are sub ject  to rapid  a lteration  upon c o l le c t io n  and 

"m u s t  be m e a s u re d  in the f ie ld "  (Ball, 1970). Other p a ra m e te rs  

w hich are  not now  re l ia b ly  m e a s u re d  by autom atic  m o n ito rs  such 

as b io c h e m ic a l  oxygen  dem and, (BOD), n itra tes , (NO^), and 

phosphates, (PO^) can change s ign if ican tly  with t im e  requ ir in g  

precautions  such  as r e fr ig e r a t io n  in o rd e r  to a ssu re  m in im u m  

sam ple  d egrad ation  betw een f ie ld  c o l le c t io n  and la b o r a to r y  analysis  

(Ball,  1970).

Another im portant co n s id e ra t io n  in co m p a r in g  m anual and 

autom atic  m on itor in g  is the re la t ive  com p a tib il ity  o f  a p art icu lar  

w ater  to e ither m ethod  o f  evaluation . To explain, s om e  w aters  

exhibit rap id  fluctuations in w ater  quality w hile  o thers  show 

r e la t iv e ly  s low  changes (Thom ann, 1970). " In  any sam pling, the 

freq u en cy  o f  sam pling is d i r e c t ly  re la ted  to  the rate o f  change o f  a 

given p a ra m e te r "  (B a llinger , 1971a), Thus, som e  w aters  are 

natura lly  m o r e  conducive  to autom atic  m o n ito r in g  than oth ers  

(Thom ann, 1970; B a ll in ger ,  1971a ; B a ll in ger ,  1968). The p ro p e r  

sam plin g  fre q u e n cy  fo r  any w ater can  be d e te rm in e d  by s p e c tr a l  

an a lyses .  Iro n ica l ly ,  this r e q u ir e s  a " r e la t iv e ly  la r g e  amount of 

data" (B a llinger , 1971a).
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The above d is c u s s io n  has d e s c r ib e d  som e  o f  the d e f ic ie n c ie s  

o f  grab  sam pling . M ost  o f  these l im ita tions  are  re la ted  to m o n i -

tor in g  p r o g r a m s  requ ir in g  detect ion  of rapid  fluctuations in w ater 

quality . As pointed out, h ere in  l ie s  the m a jo r  value o f  autom atic 

m on itor in g ,  the cap ab il ity  fo r  high freq u en cy  sam pling . The 

question  now is ;  Why is it n e c e s s a r y  to d e tect  rapid  fluctuations in 

w ater  quality? Sm oot (1970) g ives  the explanation;

T oday m any c o m p le x  w a te r -q u a lity  p ro b le m s  
a s so c ia te d  with p rotect in g  and im p rov in g  
our env ironm ent frequently  re q u ire  im m e d -
iate evaluation and p rom pt action . M o r e  
and m o r e ,  rea l  tim e data netw ork s  are 
be ing  r e c o g n iz e d  as es se n t ia l  in prov id ing  
the cu rren t  in form ation  n e c e s s a r y  fo r  good 
w a te r -q u a lity  m anagem ent.

F o r  som e  tim e, w ater  r e s o u r c e  m an ag ers  have d e s ir e d  to keep a 

continuous w atch  on u p s tre a m  conditions  so  that good w ater  quality 

cou ld  be m aintained  fo r  d ow n strea m  u se rs  (Jones, 1961). The need 

fo r  continuous su rv e i l la n ce  of w ater quality is a d ir e c t  resu lt  o f  

the in c r e a s e d  quantity and v a r ie ty  o f  w aste  m atter  en ter ing  our 

n a t ion 's  w aters  (Jones and Joyce , 1961) (C r o s s ,  1968). True, 

so m e  w aters  a r e  still b le s s e d  with good  quality due to sp a rse  

population and la r g e  s tre a m  flow s  in re la t ion  to pollution  loa d s .  In 

these  areas ,  only m o d e s t  sam plin g  p r o g r a m s  m ay  be su ffic ien t  

(M cD erm ott ,  B a ll in ger  and Sayers , 1968). H ow ever, E lv ing  (1967) 

states that any flow ing  w ater  constitu tes  a constantly  changing and 

dynam ic  s y s te m  w hich  m ust be m o n ito re d  continuously . M o r e o v e r ,



2 8

in som e  a re a s  o f  dense  population, c o m p le x  w aste  s o u r ce s ,  in tensive  

w ater  use, and rap id ly  fluctuating w ater  quantity, day to day w ater  

quality m anagem ent re q u ir in g  continuous autom atic  m o n itor in g  

is  needed  (M cD erm ott ,  B a ll in ger  and Sayers , 1968).

Now that the gen era l  need  fo r  and utility o f  autom atic  data has 

been d e s c r ib e d ,  the m e r i ts  o f  autom atic m on ito r in g  in re la t ion  to its 

ability  to sa t is fy  the data needs  o f  state w ater  pollution  con tro l  

agen c ies  can be d is c u s s e d .  The data req u irem en ts  o f  a state w ater 

pollution  c o n tro l  agency  are  a function of its p r o g r a m  o b je c t iv e s .  In 

genera l, these  o b je c t iv e s  are :

(1) planning:

(2) r e s e a rc h ;

(3) aid;

(4) te ch n ica l  a ss is ta n ce ;

(5) regulation ;

(6) lega l  en fo rce m e n t ;  and

(7) data c o l le c t io n  and d isse m in a t io n .

The data req u irem en ts  fo r  each  o b je c t iv e  need  not be c o n s id e r e d  in 

detail b e ca u se  data esse n t ia l  fo r  planning and regu la tion  are  a lso  

the data needed  fo r  the o ther  o b je c t iv e s  (W ard, 1971).
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A b ility  to Satisfy  P lanning Data N eeds

L on g  range planning frequently  connotes  the use  o f  m athenaatical 

m o d e ls .  Data needed  fo r  m ath em atica l m o d e ls  "m u st  be p e r fe c t  

continuous r e c o r d s  with no sags o r  bad read in gs"  (P a lm e r ,  1970). 

This  b a s ic  re q u ire m e n t  is  sa t is f ied  by autom atic  m on itor in g  which 

supplies  la rg e  quantities o f  continuous inexpen sive  data (P a lm e r ,  

1970). B a ll in ger  (1971a) a g re e s  in that autom atic  m o n ito rs  p rov ide  

la r g e  amounts o f  data in short t im e in terva ls  w hich are  va luable  as 

input into p re d ic t iv e  r iv e r  basin  m o d e ls .  A lso , autom atic  data are  

v e r y  suitable to ce r ta in  s ta tis t ica l ana lyses  often used  in w ater 

quality m o d e ls :  t im e s e r ie s  and M a rk ov  chain ana lyses  (P a lm e r ,  

1970) (M cC artn ey  cind B ea m e r ,  1962).

R iv e r  basin  m o d e ls  based  on autom atic  data have m uch  planning 

utility . T h ey  are  usefu l as an aid in lo ca t in g  m unic ipa l and 

industria l intakes and outfa lls  (P a lm e r ,  1970; Glenn, 1970). In 

New Y ork , the E m p ir e  s y s te m  p ro v id e s  pertinent data to " im p r o v e  

the p r e c is io n  o f  math m o d e ls  p re d ic t io n s "  (Maylath, 1970a). T h ese  

p re d ic t io n s  a re  the bas is  fo r  fo rm u la tin g  design  and op eration a l 

c r i t e r ia  guiding the co n stru ct ion  and op era t ion  o f  w ater  and w aste 

treatm en t plants. N ew Y o r k  a lso  plans to use m o n ito r  data in the 

prepara tion  o f  s t r e a m  m o d e ls  usefu l fo r  w ater  quality fo re c a s t in g  

(Maylath, 1970a). U sing d e te rm in is t ic  and p ro b a b il is t ic  B O D -D O  

m o d e ls  based  on continuous DO m e a s u re m e n ts  and BOD w aste  load



d eterm in ation s , d ow n strea m  DO p red ic t ion s  can be m ade knowing 

u p strea m  conditions  and events  (B oes ,  19^70). A u tom atic  data 

plugged into p red ic t iv e  m o d e ls  can a lso  y ie ld  in fo rm a tion  on w ater 

quality cond itions  at non sam pled  s ites  and at any t im e o f  day 

(Glenn, 1970; M aylath, 1970a).

30

A b ility  to Satisfy  the Data N eeds fo r  Regulation

A  state w ater  pollution con tro l  agency  c o n ce rn e d  with regulating 

w ater quality is  in terested  in d etect ing  pollution, d e term in in g  its 

s o u r c e ,  and see ing  that the pollution is  abated. One o f  the p r in -

c ip a l a sse ts  of autom atic  m on ito r in g  l ie s  in its ability  to detect  

abn orm al w ater  qualities  (K lein , et. a l . ,  1968). In this re sp e c t ,  

autom atic  m on ito r in g  s u rp a sse s  m anual m o n ito r in g  as " g r a b  

sam pling, even at frequent in terva ls ,  m ay  not d etect  un d es irab le  

le v e ls  in t im e to p erm it  e f fe c t iv e  counter m e a s u r e s "  (B a llin ger , 

1971a). A utom atic  instrum entation , h ow ever ,  has the capab ility  

o f  sounding an a la rm  a n d /o r  c o l le c t in g  a sam ple  fo r  further 

ana lys is  once  an abn orm al varia tion  in w ater  quality has 

been d etected  (K ey ser ,  1965; P a rk e r ,  1961). A ls o ,  as 

m entioned  e a r l ie r ,  one o f  the d e f ic ie n c ie s  of grab sam plin g  l ie s  in the 

d iff icu lty  of m aintaining a re p re se n ta t iv e  sam ple  Sam ple degradation  

can o c c u r  due to the tim e lag  betw een c o l le c t io n  and analysis  

(B all,  1970). S u rve illan ce  by autom atic  m o n ito rs  does  not red u ce
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the p r o b le m  o f  sam ple  degradation  s in ce  the p a ra m e te rs  reliably- 

m e a s u r e d  by autom atic  m o n ito rs  a re  p re se n t ly  m e a s u r e d  in the f ie ld  

when grab  sam pling .

The cap ab ility  o f  m o n ito rs  to d etect  abnorm al changes in water 

quality and c o l l e c t  a sam ple  at th ese  t im e s  has s ig n if ica n ce  fo r  

d eterm in in g  pollution  s o u r c e s .  A n a lys is  o f  the c o l le c te d  sam ple  m ay  

ind icate  the p art icu lar  w aste causing  the abn orm al w ater  quality. 

Knowing the nature o f  the pollutant m ay  be va luable  fo r  loca ting  

its s o u r ce  (B a llin ger , 1971a). A  good  exam ple  is the t ra c in g  of two 

f ish  k ills  to a c o m m o n  cause  by the ORSANCO R obot  M on itor ing  

S ystem  (Klein, et. a l . , 1968). The advantage o f  the la rg e  spacia l 

d istr ibu tion  o f  the ORSANCO netw ork  was brought out in t ra c in g  the 

s o u r ce  o f  w id e sp re a d  low  DO read ings  to natural ca u se s  (Klein, et. 

a l . ,  1968). A  s im ila r  situation ex is ted  on the USGS D elaw a re  s y s te m  

in A p r il ,  1963 when DO va lues  w e r e  d e p r e s s e d  b e low  3 parts per 

m il l io n  (ppm ). Again, the m on ito r in g  n etw ork  tra ce d  the s o u r c e  to 

natural ca u ses  (A n on .,  1963a).

E le c t r o n ic  m o n ito rs  are  a lso  am enab le  fo r  detect ing  diurnal 

fluctuations in w ater  quality c h a r a c t e r is t i c s ;  e s p e c ia l ly  fo r  d o c u -

m enting  DO sags (B a llinger , 1968a; K le inert, 1971).

Making data re a d ily  availab le  to w ater quality a g en c ies  is an 

im portan t part o f  pollution  abatem ent. " T h o s e  who a re  act ive  in 

w ater r e s o u r c e s  m anagem ent a g re e  that any pollution  abatem ent
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p r o g r a m  m ust be p re ce d e d  with the a cqu is it ion  o f  a continuing in te l l i -

gen ce  on the quality of all our r iv e r s  and s t r e a m s . "  M e r e ly  co l le c t in g  

data is  not enough, data m ust a lso  be m ade re a d ily  a c c e s s ib le  to those 

co n c e rn e d  with co n tro l l in g  w ater  quality (Shubrooks, 1968).

O nce  the data are  m ade available, they m ust a lso  be u.sed.  ̂ A  

rapid  in te ll igen ce  s y s te m  of autom atic  m o n ito rs ,  te lem etry ,  rem o te  

te r m in a ls  and centra l data logg in g  and analysis  fa c i l i t ie s  p ro v id e s  a 

h ighly  e f fe c t iv e  m eans  of w ater quality regu la tion  (Maylath, 1970a).

As m entioned  e a r l ie r ,  instantaneous re la y  o f  w ater quality conditions 

a llow s  fo r  a lteration  o f  treatm en t plant p r o c e s s e s  to c o n fo r m  to the 

quality  o f  r e c e iv in g  w aters  (Maylath, 1970a; Lanyon  and Kurland, 

1971). M on itored  data is a lso  usefu l fo r  d eterm in in g  low  f low s  and 

the am ount o f  w ater n e c e s s a r y  to supplem ent s tr e a m  flow s  so that 

standards are  not v io la ted .  Using autom atic  d a ta ,d is ch a rg e s  of 

pollutants can be t ra ce d  and the ir  e f fe c t  on the entire  w ater  s y s te m  

evaluated  (B a ll in g er ,  1971a).

M on itored  data cou p led  with m a th em a tica l  m o d e ls  can be usefu l 

f o r  es tab lish in g  effluent con cen tra t ion s  fo r  in d u str ies  and w aste  

treatm en t plants. In this way, the a s s im ila t iv e  ca p a c ity  o f  r e c e iv in g  

w a ters  is  not e x ce e d e d  and c o m p lia n c e  with w ater quality standards 

is  a ssu re d  (P a lm e r ,  1970).

P r o c e s s in g  o f  t e le m e te r e d  data a llow s  fo r  rapid  r e p o r t  g e n e r -

ation. Such re p o r ts  on an hourly , daily, w eekly , m onthly, o r  annual 

bas is  a re  e x tr e m e ly  va luable  as aid in regulation , s in ce  graphs.
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charts ,  and tab les  can be d e v ise d  to show the p ercen t  o f  t im e w ater 

quality p a ra m e te rs  are  in v io la tion  o f  standards . In addition, c o m -

puter analysis  can  d e term in e  the extent o f  da ily  pollution  loading, 

including : d is s o lv e d  oxygen  d e fic its ,  suspended  so lid s  load s , salt 

w ater  intrusion , ac id  loads  f r o m  m in es ,  c a lo r i c  loading f r o m  th erm al 

pollution  and w aste  treatm en t plant effluents (B a ll in ger ,  1971a;

Elving, 1967).

N eeded  Im p ro v e m e n ts  in A utom atic  Instrum entation

The p rev iou s  sect ion  has c ited  the advantages o f  using autom atic  

instrum entation  fo r  w ater su rv e i l la n ce .  N e v e r th e le ss ,  even with 

soph ist ica ted  t e le m e tr y  s y s te m s ,  p resen t  day w ater quality s u r -

v e i l la n ce  le a v e s  m uch  to be d e s ir e d .  The fa ct  is that m o s t  state and 

fe d e ra l  agen c ies  are  s till  not able to d e te rm in e  w hether our nation 's  

w a te rs  are  getting better  or  w o rs e  (C leary ,  1970).

D isadvantages  o f  P re s e n t  Instrum entation

A g e n c ie s  are  handicapped b e ca u se  m on ito r in g  s y s te m s  still 

fa il  to supply the right s o r t  o f  data (C leary , 1970). A utom atic  

m on ito r in g  has m any sh o r tco m in g s  in this r e s p e c t .  In I960, at a 

"C o n fe r e n c e  on W ater Quality M anagem ent and Instrum entation" 

held  in Cincinnati, Ohio, it was pointed out that data p r o c e s s in g  

te ch n o logy  was su ffic ien t  fo r  w ater quality m on itor in g ,  but that 

m u ch  r e s e a r c h  on sensing  d e v ic e s  was needed . Ten ye a rs  la ter  at 

a s im i la r  c o n fe r e n c e  held  in M adison , W iscon sin , the sam e
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co n c lu s io n s  w e re  rea ch ed  (L y o n ,  1970). Data r e c o r d in g  and p r o -

c e s s in g  re p re s e n ts  the s tron gest  link in the autom atic  w ater quality 

data a cqu is it ion  s y s te m  becau se  it is  fu lly  d eve lop ed  and re la t iv e ly  

troub le  f r e e  (Smith, 1970). S im ilar  w ord s  cannot be spoken fo r  

sensing  d e v ic e s .  M ost exp erts  a g re e  that in the la s t  ten yea rs ,  

litt le  p r o g r e s s  has been m ade in d eve lop in g  new autom atic  s e n so rs  

(L y o n ,  1970).

The re a so n  fo r  this lag in the deve lop m en t o f  new s e n s o r s  is 

tw ofo ld . One, as m entioned  e a r l ie r ,  initial em phasis  on deve lop ing  

autom atic  w ater  m on ito r in g  instrum entation  was fo cu s e d  on 

supplying m o n ito rs  fo r  industria l p r o c e s s  co n tro l  (s e e  sect ion  on 

application  o f  autom atic  m o n ito rs ) .  Two, instrum ents  d e v is e d  fo r  

this p u rp ose  w e re  m e r e ly  adaptations o f  ex ist ing  la b o r a to r y  

instrum ents  (C onsid ine, 1965). Thus, deve lop m en t o f  autom atic  

f ie ld  equipm ent p a ra l le le d  and was dependent on the d eve lop m en t o f  

la b o r a to r y  and p r o c e s s  co n tro l  instrum entation , th ereb y  resu lting  

in the d ep lo ra b le  situation d e s c r ib e d  by B a ll in g er  (1968a) w here  

f ie ld  s e n s o r s  " r e p r e s e n t  p a ra m e te rs  fo r  w hich  e le c t ro d e  sys te m s  

are  re a d ily  a v a i la b le - -a n d  do not include m any m e a su re m e n ts  vital 

to the adequate ch a ra c te r iza t io n  o f  w ater  quality" (T a b le s  2 and 3).

The past ten ye a rs  have not been  co m p le te ly  f ru i t le s s .  

D eve lop m en t o f  s p e c i f ic  ion e le c t ro d e s  and wet c h e m is tr y  m o n ito rs  

have had som e  im p act  on a llev iating  the se n so r  l im itation
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T A B L E  2. W ater quality  c r i te r ia  in state s tan d ards . (F r o m  
B a ll in ger ,  1971a. . .U n d e r l in e d  c r i t e r ia  re p re s e n t  
p a ra m e te rs  fo r  w hich s e n s o r s  a re  a lread y  available).

W ater Quality C r i te r ia

A cid ity C h loride

A lkalin ity C h ro m iu m

A m m on ia C o lo r

A r s e n ic C opper

B a riu m Cyanide

BOD D is s o lv e d  O xygen

B oron E le c t r i c a l  Conductance

B ottom  D ep os its F loa tin g  Solids

C adm ium F lo u r id e

CCE H ardness

C o l i f o r m H ydrogen  Sulfide

Iron Setteable Solids

L ead S ilver

M anganese Sodium

MBAS Sulfate

N itrate Suspended Solids

P e s t ic id e s T a ste  & Odor

pH T em p era tu re

P henols Tota l D is s o lv e d  Solids

Phosphates T o x ic  Substances

Plankton T u rb id ity

R a d ioa ct iv ity Z inc

Selenium
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T A B L E  3. P a ra m e te r s  for  w hich sensors  a re  not ava ilab le  but are  
needed . ( F r o m  Green, I 966).

P a ra m e te r

R anges  of 
C one entr ation 

D e s ir e d  
m g /1

L M  H *

R anges  o f  
C on cen tration  

D e s ir e d

L M H

O rg an ic  n itrogen 0-1 - 0 -10 0. 01 - 0. 5

A m m on ia  n itrogen 0-1 - 0 -10 0. 01 - 0. 5

N itrate  n itrogen 0-1 - 0 -10 0. 01 - 0. 5

N itr ite  n itrogen 0 -0 .1 - 0 -2 0 .01 - 0. 1

In organ ic  phosphorus 0 -2 - 0 .2 0 0. 01 - 0. 5

O rgan ic  phosphorus 0 -2 - 0 -20 0. 01 - 0 .5

COD 0-50 - 0 -500 1 - 10

MBAS=:< 0-1 - 1 -10 0 .01 - 0 .1

A c id ity  or  alkalinity 0 -250 - 0-1000 5 - 50

H ardn ess 0 -250 - 0 -1000 5 - 50

Sulfate 0 -100 - 0 -1000 2 - 20

Ph enols 0 - 0 .5 0 -5 0 -50 0 .01 - 0. 1

C a lc iu m 0-100 - 0-1000 2 - 20

Cyanide 0 -0 .1 0 - 1 .0 0 -10 0 .0 0 5 0 .0 5 0 .5

M anganese 0 - 0 .5 - 0 -5 0 .01 - 0. 1

Z inc 0 -2 - 0 -10 0 .01 - 0. 5

Sodium 0-100 0 -500 0-5000 2 10 100

P otas  s ium 0 -1 0 0-100 0-1000 0. 5 5 50

C op p er 0 - 0 .5 - 0 - 5 .0 0. 01 - 0 .1

* M ethylene blue act ive  substances
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p r o b le m  (T ab le  4 ) .  S p ec if ic  ion e le c t r o d e s  can broaden  thè 

sp e c tru m  of s e n so r  d etect ion  to include som e  s p e c i f ic  w ater quality 

p a r a m e te r s .  In genera l,  ion se le c t iv e  e le c t r o d e s  d etect  ions in 

solution, th ereb y  deve lop in g  an e le c t r i c a l  potential in p ro p o r t io n  to 

the act iv ity  o f  the ion (R isem an, 1970; Kam inski, 1969)» The 

ch lo r id e  ion is an exam ple  o f  such an e le c t ro d e  p resen t ly  used  in 

autom atic  w ater  quality m on itor in g .  H ow ever, other s p e c i f i c  ion 

e le c t ro d e s  availab le  fo r  la b o ra to ry  use are "n o t  s a t is fa c to ry  fo r  

m on ito r in g  p u rp o se s "  (B a llin ger , 1971b). This includes  e le c t r o d e s  

fo r  m e a su r in g  im portant nutrient p a ra m e te rs  ( e .g .  , n itra tes  and 

p hosph oru s) .  E le c t r o d e s  f o r  these p aram en ters  do not p o s s e s s  

adequate sen sit iv ity  and fail to tru ly  m e a su re  the d e s ir e d  constituents 

(B a ll in ger ,  1971b).

Another ser iou s  p r o b le m  is  in te r fe r e n c e  f r o m  like ion s . 

P re tre a tm e n t  o f  a w ater sam ple  can be p e r fo r m e d  in the la b o r a to r y  

to m in im iz e  these e f fe c ts ,  but this is  d iff icu lt  under f ie ld  conditions 

(R isem an , 1970).

Wet c h e m is tr y  m o n ito r s  can a lso  b roaden  the s co p e  o f  se n so r  

d etect ion . H ow ever, s e v e r e  haindicaps m ust be o v e r c o m e  b e fo re  

these m o n ito rs  are  suitable fo r  f ie ld  app lication  (B a llin ger , 1971b). 

Som e o f  the d isadvantages  are  in te r fe re n ce  f r o m  c o l o r  and turbidity, 

b io lo g ica l  fou ling  o f  sam pling lines, fa i lu re  o f  so len o id  va lves ,  

reagent supply and d isp osa l ,  buildup o f  c o lo r  c o m p le x e s  on the



T A B L E  4. C u rren t ly  ava ilab le  s p e c i f ic  ion  e le c t r o d e s  ( F r o m  R isem a n , 1970).

Ion M em bran e
L o w e r  l im it  of 

de tect ion *

B r o m id e c r y s ta l 0 .4 m g /I
C adm ium c r y s ta l 0. 01 m g /I
C a lcu im ion  exch an ger 0 .4 m g / I
C h lor id e c r y s ta l 1 .8 m g /I

ion  exchanger 0 .4 m g /I
C u pric c r y s ta l 0 .0 0 6 m g /I
Cyanide c r y s ta l 0 .0 3 m g / I
F lu o r id e c r y s ta l 0 .0 2 m g /I
F lu o ro b o ra te ion  exchanger 0 .1 m g / I  as B
Iodide c r y s ta l 0 .0 0 7 m g /I
L ea d c r y s ta l 0 .0 2 m g /I
N itrate ion  exchanger 0 .6 m g /I
P e r c h lo r a te ion  exchanger 1 m g / I

14 +,
pH glas s pH 14 (10 MH )
P otas  s lum ion  exch an ger 0 .4 m g /I
S ilver c r y s ta l 0 .01 m g /I
Sodium glass 0 .0 2 m g /I
Sulfide c r y s ta l 0 .0 0 3 m g /I
W ater H ardness ion  exch an ger 0 .001 m g / I  as C a C 03

00

A ssu m in g  no e le c t ro d e  or  m eth od  in te r fe r e n c e .
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m e a s u re m e n t  ce ll ,  and s low  re sp o n se  o f  the s y s te m  (typ ica l t im e is 

two h ou rs  f r o m  sam pling to r e co rd in g )  (O 'B r ie n  and O lsen , 1970;

F e ltz  and Smoot, 1969: B a llin ger , 1968). Sam ple f i ltra t ion  has 

g e n e ra l ly  been e m p lo y e d  to m in im iz e  som e  of these p r o b le m s .  H ow -

ever ,  this " r e n d e r s  the sam ple  not e n t ire ly  rep resen ta t ive  o f  the 

s o u r ce "  (O 'B r ie n  and O lsen, 1970).

B e s id e s  not supplying e n t ire ly  the right kind of data, autom atic 

m o n ito rs  are  s till  plagued with m aintenance  p r o b le m s .  C h a r a c te r -

i s t ic a l ly  "a u to m a t ic  m on itor in g  equipm ent is  d e l ica te  and unstable" 

(B lakey, 1970). This  is  evident f r o m  op eration a l e x p e r ie n c e s  in 

w hich  typ ica l m o n ito r in g  sy s te m s  req u ire  w eek ly  m ain tenan ce . Sen-

s o rs  r e q u ire  c lean in g  and ca lib ra t ion  due to b io lo g ica l  and sed im ent 

fouling, thereby  causing  e le c t r o n ic  d r ift  (B lakey, 1970). S e l f -c le a n in g  

with autom atic  w ip e rs ,  w ater  je ts  or  u lt ra so n ics  m ay  e lim inate  this 

p r o b le m  (F icken , 1970).

Pum p fa ilu re  rem ain s  the num ber one m aintenance p ro b le m . 

S e m i-p o s i t iv e  d isp la cem en t  s u b m e r s ib le  pumps are  advantageous s in ce  

they do not aerate  or  d eaerate  the w ater sam p le .  H ow ever, they are  

d isadvantageous b eca u se  o f  frequent breakdow n due to e l e c t r i c  m o to rs  

burning up and m eta l  fatigue produ cin g  pump s tra tor  b reak age  (Maylath, 

1970a). The p r o b le m  a r is e s  f r o m  p lacing  pumps in the h arsh  s tre a m  

en v iron m en t w here  they are  naturally  su b ject  to strain, abras ion , and 

c lo g g in g  f r o m  sedim ent, o rga n ic  d e b r is  and b io lo g ica l  grow ths on the 

pump i t s e l f  (F e ltz  and Smoot, 1969).



A nother s ign ificant l im ita tion  is  aging and d e p re c ia t io n  o f  

equipm ent. Solid  state c ir cu it r y ,  am p lif ica t ion  o f  s e n so r  s igna ls ,  

m aintenan ce  o f  p ro p e r  v e lo c ity  of sam ple  through the f low  c e l ls ,  and 

la r g e  e le c t ro ly te  r e s e r v o i r s  are help ing to extend instru m en t l i fe  and 

p rov id e  long  t e r m  stability  fo r  autom atic  s e n s o r s  (B r o m b e r g  and 

C a ra m e s ,  19V0; Klein, et. a l . , 1968). N e v e r th e le ss ,  s e n s o r s  and 

other  m on itor  com ponents  do w ear  out and req u ire  re p la ce m e n t  as 

shown in T ab le  5 (B r o m b e r g  and C a ra m e s ,  1970).

R is in g  co s ts  of autom atic  m o n ito rs  a re  another draw b ack . The 

trend  o f  instrum ent m an u factu rers  is to p rod u ce  m o r e  com p lica ted ,  

c o s t ly  sy s te m s ,  w hich  is in d ir e c t  op p os it ion  to the needs  o f  the u s e rs  

who d e s ir e  s im p le r ,  m o r e  r e l ia b le  and le s s  expen s ive  instrum entation  

(Klein, et. a l . , 1968).

Other co n s id e ra t io n s  and lim ita tions  include f r e e z in g  o f  pump 

and sam pling  l in es  during w inter operation , salt b r id g in g  and 

c o r r o s i o n  o f  m e ch a n ica l  parts  during op eration  in sa line  w aters , 

vandalism , and high in itia l c o s t s  f o r  land acqu is it ion  and insta llation  

(M aylath, 1970a; B r o m b e r g  & C a ra m e s ,  1970; B a ll in ger ,  1971a).

40

Future N eeds

The above d is c u s s io n  has a lread y  pointed out m any o f  the 

im p ro v e m e n ts  n eed ed  by  explain ing the d isadvantages  o f  p resen t  

s y s te m s .  Som e s p e c i f i c  suggestions  fo r  im p ro v e m e n t  are  (Maylath, 

1970a):
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T A B L E  5. R e p la ce m e n t  in terva l and to le ra n ce  fo r  s o m e  autom atic  
s e n s o r s .  (F r o m  B r o m b e r g  & C a ra m e s ,  1970).

P a ra m e te r R ep la cem en t
In terval

T o le r a n c e

D is s o lv e d  O xygen 1 Z w eeks + 0 .2 5  m g /1

pH 4 -5  months + 0 .1  unit s

T em p e ra tu re 6 -1 2  months + 1 * F

O xidation - reduction  
Potentia l

6 -1 2  months 12 m v
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1. L e s s e n  fre q u e n cy  of c lean ing  by changing the con figuration  

of the f low  c h a m b e f  so that it has the sam e internal shape as 

the w ater  supply l in es  (p o s s ib ly  have the se n so r  surroun d  the 

sam ple  instead  o f  the c o n v e r s e ) ;  and

2. D eve lop  a standard ca l ib ra t ion  p r o ce d u re  fo r  s e n s o r s .

O ther m o d if ica t io n s  are  needed  to m ake autom atic  m o n ito r s  m o r e  

r e l ia b le  and v e r s a t i le .  The trend  in se n so r  te ch n o logy  is  tow ard  

d eve lop in g  m ic r o c i r c u i t ,  d igital s e n s o r s .  T h ese  s e n s o r s  would 

e l im in ate  analog to d ig ita l c o n v e r s io n  b e fo r e  signal t ra n s m is s io n .

This  not only s im p li f ie s  data t r a n s m is s io n  and logg in g  but a lso  

p ro v id e s  s e n s o r s  o f  g rea ter  r e l ia b i l i ty  through the use  o f  m i c r o -  

c i r c u it s  (T a jim a , 1969).

M on itor  v e r s a t i l i ty  can  be in c r e a s e d  by d eve lop in g  sa te llite  and 

m o b i le  m o n ito rs  fo r  supplem enting m a jo r  stations and fo r  use  in 

in tensive  su rveys  (Maylath, 1970a; B a ll in ger ,  1971a). Som e p r o g r e s s  

has a lre a d y  been m ade in supplying m o n ito r s  suitable f o r  both o f  these  

u s e s .  One such s y s te m  is  the im m e r s io n  o r  s u b m e r s ib le  w ater 

quality r e c o r d in g  m on itor  (Maylath, 1970b). P o r ta b i l i ty  is  an i m -

portant feature  o f  this unit. The m o n ito r  is  sm a ll ,  c o m p a c t  and 

battery  op era ted .  In addition, advantage is gained by using s u b m e r s -

ib le  sensing  and r e c o r d in g  instrum entation . The n e c e s s i t y  o f  pumps, 

intake and outlet lines, and a sh e lter  to house the m o n ito r  is 

e lim in ated . A ls o ,  a r e p re se n ta t iv e  sam ple  is  a ssu re d  b e ca u se
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m e a su re m e n ts  a re  taken and r e c o r d e d  in - s t r e a m .  Data logg in g  and 

t e le m e tr y  is a lso  p o ss ib le  v ia  externa l t e rm in a ls  attached to the 

su b m e rg e d  m on itor  (P a lm e r ,  1969).

One disadvantage is  the d iff icu lty  in m aintenance  due to in - s t r e a m  

p lacem en t of the m o n ito r .  Such a lo ca t io n  is  awkward fo r  s e rv ic in g  

s in ce  re m o v a l  f r o m  the s tr e a m  is r e q u ire d .  D uring t im es  o f  c o ld  

w eather  or  high w ater, this can be co m e  quite a c h o r e .  A lso ,  

in - s t r e a m  p lacem en t m ay  resu lt  in the m on itor  being dam aged  

b e ca u se  of f loating d e b r is ,  change in w ater flow, b io lo g ica l  and 

sed im en t  fouling, and van d a lism  (B a llin ger , 1971a; B a llinger ,

1968a).

M ob ile  adaptations o f  in situ m o n ito rs  can a lso  be em p loyed  as 

sa te ll ite  m o n ito rs  and fo r  in tensive  su r v e y s .  M ost  in situ sys te m s  

can be m o d if ie d  fo r  m o b ile  op eration  without s ign ificant change in 

d es ig n  (B a ll in g er ,  1971b; B a ll in ger ,  1968a). M ob ile  op era t ion  has 

som e  d ist inct  advantages. M o st  obv ious  is the fa c t  that such  units 

" p r o v id e  m a x im u m  f le x ib i l i ty  in sam plin g  lo ca t ion "  (B a ll in ger ,  1971a). 

Th is  a sse t  m akes m o b i le  m o n ito rs  valuable fo r  in tensive  su rveys  

b e ca u se  of their  capab ility  to sam ple  fo r  short p er iod s  at a num ber 

o f  c r i t i c a l  points. Other advantages are ; (1) ease  in m aintenance, 

and (Z) reduction  in the initial expenditures  f o r  land acqu is it ion  

and insta llation  (B a ll in g er ,  1971a).
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One disadvantage o f  m o b ile  adaptations o f  in situ sys tem s  

c ited  by (B a ll in g e r ,  1968a) is the p r o b le m  of inadequate op eration  of 

support  fa c i l i t ie s  (i. e. , propane s tora g e  tank and g en era tor ) .

The benefits  d e r iv e d  f r o m  m o b i le  op eration  cou ld  be in c r e a s e d  i f  

m o b i le  m on itor in g  w ere  expanded to include bu oy -typ e  o r  float s y s -

tem s  (A n o n . ,  1970). Two app lications  are  l is ted  in T ab le  1 D is tr ic t  

Sanitation (St. L ou is  Sanitation D is t r ic t  and T exas  W ater  P ollu tion  

C on tro l  B oa rd ) .  In addition, r e s e a r c h  on a f loating s y s te m  housed  in 

a sm a ll  boat has been conducted  by R a ib le  and T e s te r m a n  (1969) at 

the U n iv ers ity  o f  A rkansas  Graduate Institute o f  T ech n o log y .

The la st  point to be m ade, but an im portan t one, is that auto-

m atic  m o n ito r in g  data m ust be used  to be e f fe c t iv e  (B a ll in g er ,  1971a; 

C le a ry ,  1970). A utom atic  m on ito r in g  p rod u ces  a wealth  of data 

w hich  re q u ire  com p u ter  s torage  and analysis  (Klein, et. al. , 1968). 

M o r e o v e r ,  r e p o r t  generation  is  e x tr e m e ly  im portant and all w ater 

u s e r s  should be in fo rm e d  o f  w ater  quality cond itions  on a rea l  tim e, 

daily, w eekly , m onthly, annual and long t e r m  bas is  (Maylath, 1970a).

C ost  A n a lys is

The c o s t  o f  autom atic  w ater quality data a cqu is it ion  sys tem s  w ill  

v a ry  a c c o r d in g  to the type o f  s y s te m  (in s itu , m o b i le ,  im m e rs io n ) ,  

the r e c o rd in g  technique (s tr ip  chart, punched paper tape, m agn etic  

tape), and w hether t e le m e tr y  is p e r fo r m e d .  The c o s t  o f  te le m e try



sy s te m s  v a r ie s  a c c o r d in g  to the type o f  t r a n sm iss io n ,  com m u n ica t ion s  

link  and whether m e r e ly  data logg in g  or  a co m p u te r  fa c i l i ty  is  e m -

p loyed . T o  obtain a fe e l in g  fo r  the kinds o f  expenditures  involved , 

an ana lys is  o f  three  p r in c ipa l c o s t  c a te g o r ie s  w ill  be exam ined:

1. purch ase  p r ic e  o f  instrum entation ;

2. installation ; and

3. op eration  and m aintenance .
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P u rch a se  P r i c e  o f  Instrum entation

The in itia l c o s t  of deve lop in g  an autom atic  m o n itor in g  s y s te m  

is  p urchasing  the equipm ent. M on itors  c o n fo rm in g  to E P A /W Q O  

sp e c i f ica t io n s  (Mentink, 1968) " c o s t  f r o m  $6, 000 to $12, 000 

depending upon the s e n s o r s  re q u ire d  and the data a cqu is it ion  e m -

p loyed" (B a llinger , 1971a), The five  p a ra m eter  s y s te m  em p loyed  

by  the USGS on the Patuxent R iv e r  co s ts  ap p rox im ate ly  $8, 000 

(Nauman and C ory , 1971). F o r  his c a s e  study on the d es ig n  o f  

urban w ater  data acqu is it ion  sys tem s , A n derson , Jam es J. , 1970b) 

e s t im ated  a c o s t  o f  $8, 000 fo r  a s ix  p a ra m e te r  " R o b o t  M o n i t o r . "  

M entink (1970) es t im ates  a c o s t  of $7, 000 fo r  a four p a ra m e te r  ' 

m o n ito r .  P u rch a se  p r ice  e s t im a tes  d eve lop ed  f r o m  com pany  

quotations are  g iven  in T able  6.

The c o s t  o f  the m on itor  usually  includes  the p r ic e  o f  a str ip  

chart  r e c o r d e r ,  w hich runs a p p rox im a te ly  $2, 200. If another 

r e c o r d in g  technique is d e s ired ,  a s lightly  h igher expenditure is



T A B L E  6« P u r c h a s e p r i c e  e s t i m a t e s  f o r a u to m a t ic m o n i t o r s .  *

M o n it o r in g  S y s te m C o m p a n ie s

N u m b e r  o f  
P a r a m e t e r s  

M e a s u r e d H o n e y w e l l AES KDI D e l t a  S ci S c h n e id e r P l e s s e y M a r t e k
A v e r a g e
F i g u r e

4 (DO, T, Cond ,  
and pH)

5 , 0 0 5 . 0 0 7, 8 9 5 .0 0 7 , 7 0 5 . 0 0 6, 6 28 .  00 6 , 2 0 0 . 0 0 3 , 2 5 0 . 0 0  
to

4 , 0 0 0 . 0 0

6, 6 8 7 . 0 0

5 (DO, T ,  Cond ,  pH, 
and T u r b . )

6, 8 5 1 .0 0 9 , 5 9 5 . 0 0 8 , 7 0 0 . 0 0 8 , 1 7 5 . 0 0 7, 1 5 0 .0 0 8 , 0 0 0 . 0 0 1 . 8 5 0 . 0 0  
to

2 . 5 0 0 . 0 0

8 , 0 7 8 . 0 0

6 (DO, T ,  Cond ,  
pH, T u r b ,  
and Cl)

7 , 7 6 6 . 0 0 1 0 . 7 2 0 . 0 0 9 , 4 9 5 . 0 0 8 , 0 1 0 . 0 0 5 t h /p a r a m e t e r  
i s  depth

8, 998, 00

6 (DO, T ,  Cond ,  
pH, O R P ,  Cl)

7 , 5 0 0 . 0 0 7, 9 8 0 .0 0 7 . 7 7 0 . 0 0 7, 7 5 0 . 0 0

6 (DO, T ,  Cond,  
pH, T u r b ,
S Rad)

7 , 6 9 1 . 0 0 8 , 0 7 5 . 0 0 7 , 8 8 3 . 0 0

M o b i l e  P a c k a g e  
4 (DO, Cond , T , pH)

3. 4 3 0 . 0 0 4 , 1 2 5 . OC 6 , 2 0 0 . 0 0  
+

T r a i l e r  
= 2 , 2 0 0 . 0 0

5, 7 2 8 .0 0

4̂cr-

* P r i c e  e s t i m a t e s  a r e  f o r  t o ta l  s y s t e m s  ( s e n s o r s ,  f l o w  c h a m b e r s ,  s ig n a l  c o n d i t i o n e r s ,  c a b in e t  and r e c o r d e r ) .  
A l l  m e e t  E P A /  W QO s p e c i f i c a t i o n s .
P r i c e s  w i l l  v a r y  with  quantity o r d e r e d .
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n e c e s s a r y .  F o r  eight channel punched paper tape, a c o s t  o f  $6, 000 

can be exp ected  (Mentink, 1970). Although le s s  exp en sive  in it se l f  

($4, 000), s ixteen  channel tape does  not r e c o r d  data in com p u ter  

com p a tib le  fo rm a t .  If data p r o c e s s in g  is  d e s ire d ,  an additional 

$7, 500 fo r  a tran s la tor  is requ ired ,  along with $ 1 ,6 0 0  fo r  a digital 

c l o c k  plus analog to d igital c o n v e r te r .  A lso ,  a spare  read ing  head 

f o r  the tra n s la tor  is adv isab le  f r o m  a m aintenance standpoint.

The p r ic e  o f  this part is  $2, 000 (Mentink, 1964 and Mentink, 1970). 

R e c o r d in g  on m agn etic  tape is  a lso  p o s s ib le .  In crem en ta l  m agn etic  

tapes c o s t  ap p rox im ate ly  $5, 000 (Mentink, 1970).

In addition to the p r ice  o f  the m o n ito r  and re co rd in g ,  the 

expense  of a c c e s s o r i e s  and support equipm ent m ust be co n s id e re d .  

The sum  co s t  of s u b m e rs ib le  pum ps, intake and outlet lines, sam ple  

tak ers  and se n so r  c lean ing  d e v ic e s  can  be s ign ificant. Sensor  

c lean ing  by high v e lo c ity  w ater je t  c o s ts  $970, w hile  u ltrason ic  

c lean ing  runs $2, 200 (Mentink, 1970). Com ponent p r ice  es t im ates  

d e v e lo p e d  f r o m  com pa n y  quotations a re  c o m p a re d  with l itera tu re  

va lues  in T ab le  7.

If  t e le m e tr y  is not d es ired ,  the p re v io u s ly  m entioned  exp en d -

itu res  constitute  the initial cap ital investm ent on equipm ent. With 

t e le m e tr y  a h igher  initial cap ita liza tion  is  n e c e s s a r y .  Initial t e le -

m e tr y  exp e n se s  can be d iv ided  into three  a r e a s ;  (1) t r a n sm iss io n ;

(2) in ter fa ce ;  and (3) data logging and p r o ce s s in g .



T A B L E  7 . C o m p o n e n t  p r i c e  e s t im a te s  f o r  a u to m a tic  m o n i t o r s ,  (and  o th e r  e x p e n s e s ) .

C o m p o n e n t S o u r c e  o f  I n f o r m a t io n
C om p c in ies L i t e r a t u r e  S o u r c e

H o n e y w e l l A E S KDI

S c h n e id e r
In s tr u m e n t

D e l ta  S c i  C o m p a n y ,  I n c . M e n tin k B a l l i n g e r

N a u m an
and

C o r y A v e r a g e

S u b m e r s i b l e  P\imp Z 4 5 . 00 3 5 0 .0 0 2 9 8 . 0 0

S a m p le  T a k e r 4 5 0 . 0 0 9 4 0 . 0 0 6 9 5 . 0 0

A n a lo g  S tr ip  C h a r t  
R e c o r d e r

2 , 0 0 0 . 0 0 2 , 1 5 0 . 0 0 2 , 3 1 5 . 0 0 2 , 0 0 0 . 0 0 2 , 1 1 6 . 0 0

D ig ita l  8 -C h a n n e l  
P u n c h e d  P a p e r  T a p e

5 , 0 0 0 . 0 0 4 . 5 0 0 . 0 0 6, 0 0 0 . 0 0 5 , 1 6 7 . 0 0

D ig ita l  M a g n e t i c  
T a p e

5 , 0 0 0 . 0 0 5. 0 0 0 . 0 0

A u t o m a t i c  . U l t r a s o n i c s  
C le a n in g  W a t e r  Jet

2 , 4 6 5 . 0 0
9 5 0 . 0 0

2 , 2 0 0 . 0 0
9 7 0 . 0 0

2, 3 3 2 . 0 0  
9 6 0 . 0 0

In s ta l la t io n 1 , 0 0 0 . 0 0 1 , 0 0 0 . 0 0
to

3 , 0 0 0 . 0 0

4 , 0 0 0 . 0 0 2 , 3 0 0 . 0 0

C e n t r a l  R e c e i v i n g  
Station

1 0 , 0 0 0 . 0 0 9 . 5 0 0 . 0 0 9 . 7 5 0 . 0 0

T e l e m e t e r  T r a n s m i t t e r 1 , 8 0 0 . 0 0 1 , 8 0 0 . 0 0

T r a i l e r  f o r  M o b i l e  
O p e r a t i o n

2 , 2 0 0 . 0 0 2 . 2 0 0 . 0 0

4^
00
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T e le m e t r y  m a y  be by e ither analog o r  d igital t ra n s m is s io n .

F o r  analog tra n sm iss io n ,  there are  two m o d e s :  (1) pulse  duration, 

and (2) m i l l iv o lt  to fre q u e n cy  (Smoot, 1970). Both m o d e s  re q u ire  a 

tra n sm itte r  at the m o n ito r .  F o r  e ither  m ode , analog tra n sm itte rs  

c o s t  $2, 250 (Mentink, 1964). H ow ever, a lo w e r  f igu re  o f  $600 / 

lo ca t ion  is given by Jam es J. A n d erson  (1970b).

D igita l t r a n s m is s io n  r e q u ire s  h igher c o s t  tra n sm itter  packages . 

M entink (1964) g ives  a f igure  o f  $4, 500. Again, A n d erson  Jam es,

J. (1970b) g ives  a lo w e r  c o s t  of $4, 000.

T e le m e t r y  a lso  entails  expense  at the re c e iv in g  end o f  the 

com m u n ica t ion s  system . This phase o f  the sy s te m  is  r e fe r r e d  to 

as the in te r fa ce  s in ce  it r e c e iv e s  the tran sm itted  signal f r o m  the 

m on itor in g  stations and co n v e r ts  them  into a f o r m  suitable fo r  

d isp lay , r e co rd in g ,  data logging, a n d /o r  com p u ter  p r o c e s s in g  

(A nderson , Jam es  J . , 1970b).

If pulse duration  analog t r a n s m is s io n  is  em ployed , a c o s t  o f  

$11, 500 is  p o ss ib le  at the in ter fa ce  phase ( r e c e iv e r  and analog to 

d ig ita l c o n v e r te r  plus packaging and eng ineering ).  F o r  m il l iv o l t  to 

fre q u e n cy  analog t ra n sm iss ion , the expense  is red u ced  to $7, 500 

( r e c e iv e r  plus analog  to d igital co n v e r te r )  (Mentink, 1964). 

A n derson , Jam es J. (1970b) g ives  a c o s t  o f  $ 10 ,00 0  fo r  this phase, 

using analog t r a n s m is s io n .
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Since d igital t r a n s m is s io n  d oes  not r e q u ire  analog to digital 

c o n v e r s io n  at the in ter fa ce ,  the co s t  h e re  is  nom inal.  (A nderson , 

Jam es  J . , 1970b).

The in te r fa ce  is lo ca ted  at the cen tra l r e c e iv in g  station w hich 

can be e ither a data logg ing  unit o r  a com pu ter  p r o c e s s in g  and 

co n tro l  fa c i l ity .  Data logg in g  units m ay  d isp lay  and r e c o r d  data 

on typew ritten  lo g  sheets and r e c o r d  data fo r  future ana lys is  on 

punched paper tape or  m agn etic  tape. (Smoot, 1970). If analog 

t r a n s m is s io n  is  em ployed , the c o s t  o f  the data logg ing  unit is 

$20, 000. With d igital tra n sm iss io n ,  data logging units c o s t  $22, 000 

(Mentink, 1964).

C om puter  p r o c e s s in g  fa c i l i t ie s  a re  em p loyed  when m o r e  than 

data logg in g  is  d e s ir e d .  A n d erson  Jam es J. (June, 1970b) g ives  a 

rundown on the c o s t  of a com pu ter  fa c i l i ty  with data p r o ce s s in g ,  

m o n ito r  con tro l ,  and m ath m o d e ll in g  ca p a b il it ie s .  The c o s t  o f  a 

m in ico m p u te r  with 4K c o r e  m e m o r y  is  given as $15, 000. Additional 

c o r e  is ava ilab le  at a c o s t  o f  $6, 000 per  4K w o rd s .  The d isk  f ile  

c o s ts  $40, 000 and is  n e c e s s a r y  if f o re g ro u n d /b a ck g ro u n d  p r o g r a m -

m ing  is d e s ir e d .  Other p e r ip h era l  equipm ent needed  in c lu d es :

1. paper tape p u n ch -rea d er ,  $6, 500;

2. m agn etic  tape, $28, 000 f i r s t  unit;

3. m agn etic  tape, $18, 000 added units;

4. fine p r in ter ,  $30, 000;



5. cathode ray  tube d isp lay , $4, 000 each ; and

6. logg ing  typ ers ,  $ 5 ,2 0 0 .

In addition, sp e c ia l  so ftw are  sys tem s  are  im portant and c o s t  10% of 

h ard w are  c o s ts ,  plus $ 1 0 0 /r e m o t e  point. A p p lica t ion s  so ftw are  

co s t  is  $5, 0 0 0 /p r o g r a m .

Installation

A fte r  purchasing  m o n itor in g  equipm ent, the next exp en se  is 

insta llation . The lite ra tu re  with r e s p e c t  to this top ic  is sp a rse .

The on ly  f igu res  available  appear in a re ce n t  a r t ic le  by B a llin ger  

(1971 a ) . He ind icates  that an expenditure o f  f r o m  $ 1 , 000 -$ 3 ,  000 

in co n s tru ct io n  c o s ts  is  n e c e s s a r y  fo r  insta llation .
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O peration  and M aintenance

Autom atic  m o n ito r s  are  intended fo r  unattended op era t ion  in the 

h arsh  s tr e a m  environ m en t. Yet, the p resen t  s t a t e - o f - t h e -a r t  

in d ica tes  that they are  unstable and d e lica te  instrum ents  su b ject  to 

d e te r io ra t io n  due to b io lo g ica l  fouling, etc . , and d e p re c ia t io n  

b e ca u s e  o f  aging (See d is c u s s io n  on N eeded  Im p rovem en ts  in 

A utom atic  Instrum entation). G iven these  l im ita tions , it is no 

w onder  that m aintenance  constitu tes  a la rg e  portion  o f  the expense 

o f  operating  an autom atic  m on itor in g  system .

C on s id er in g  only m aintenance  on the m o n ito rs ,  a c o s t  of 

$ 1 , 2 5 0 / s ta t io n /y e a r  w as d e term in ed  fo r  the ORSANCO s y s te m  of
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fou rteen  m o n ito r s .  This  is a total o f  $17, 500 fo r  all the stations 

com bin ed . When m aintenance  c o s ts  at the cen tra l  r e c e iv in g  station 

a re  added, the total c o s t  is  only in c r e a s e d  to $18, 600. Thus, only a 

sm a ll  portion  of the total m aintenance c o s t  was attributed to the 

cen tra l  r e c e iv in g  station. A  breakdow n o f  the m aintenance c o s ts  on 

the m o n ito r s  shows ap p rox im ate ly  35% fo r  trave l,  30% labor ,  20% 

s e rv ic in g ,  and 15% parts and supplies  (Donnelly , 1971). M aintenance 

c o s t s  a re  based  on a two w eek  s e r v i c e  sch edu le  (Klein, et. al. ,

1968 ) .

D onnelly  (1971) points out that the m aintenance c o s t  per  station 

p e r  year  ($1, 250) has not changed desp ite  inflation and holds fo r  

O R SA N C O 's  p re se n t  s y s te m  of 27 stations.

An analysis  o f  c o s t s  fo r  a s ingle  m o n ito r  sy s te m  on the Patuxent 

R iv e r  shows an annual m aintenance expense  o f  $2, 700. This  f igure  

is c o m p a ra b le  to O R SA N C O 's  re su lts ,  s in ce  s e rv ic in g  on the 

Patuxent R iv e r  m o n ito r  was on a w eek ly  b a s is .  The $2, 700 

annual m aintenance  c o s t  inc ludes  s e rv ic in g ,  re ca l ib ra t io n ,  t r a n s -

portation , and sa la r ie s  (Nauman and C ory , 1970). W ages paid 

ranged  f r o m  $7. 5 0 -$ 8 .00  per  hour (Nauman, 1971).

B e s id e s  the m aintenance  exp en ses ,  operationa l c o s ts  include 

expenditures  fo r  te le m e tr y  and data p r o c e s s in g .  O perationa l 

t e le m e tr y  c o s ts  are  m a in ly  attributable to the com m u n ica t ion s  link.
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C h arges  va ry  a c co rd in g  to the type o f  le a s e d  line em p loyed . F o r  

te legra p h  grade  (sch ed u le  1001) lines a ch a rge  o f  $. 7 5 - $ l . 0 0 /m o n th /  

m i le  can be exp ected  (Shubrooks, 1968).

O R SA N C O 's  sy s te m  u til izes  te legra p h  grade lin es  and has 

e x p e r ie n ce d  a y e a r ly  c o s t  of $11, 300 (6l 1 m i le s  at $ 1 . 0 0 /m o n th /  

m ile  plus a m onthly  term in a l s e r v ic e  charge  per location ) (Klein,

et. al. , 1968).

E P A /W Q O  e x p e r ie n ce  with the N ew  Y o r k  H arbor  m on ito r in g  

netw ork  showed a c o s t  of $1, 9 8 0 /y e a r  fo r  le a s e d  te legrap h  lines  

f o r  a f ive  station netw ork  cind $3, 170 fo r  an eight station s y s te m  

(B r o m b e r g  and C a ra m e s ,  1970).

F o r  v o ic e  grade  lin es ,  the ch a rge  is $ 3 -$ 4 /m o n t h /m i le  

(Shubrooks, 1968). A  co m p a ra b le  f igure  o f  $3 fo r  the f i r s t  one- 

fourth  m i le  plus one d o l la r  f o r  ea ch  additional o n e - fo u rth  m i le  is 

g iven  by A n derson , Jam es J. (1970b). In addition, he in d ica tes  that 

an insta llation  ch a rg e  o f  $10 per  term in ation  is  n e c e s s a r y .

If tone m ultip lex ing  is d e s ir e d  with v o ic e  grade lines , an 

additional charge  can  be expected . F o r  the cen tra l r e c e iv in g  station, 

a ch arge  o f  $10, 000 per eight re m o te  sites per  party  line  is  m ade. 

F o r  re m o te  s ites ,  a $1, 500 ch arge  p e r  site  per  eight points is 

a s s e s s e d  (A nderson , Jam es J. , 1970b).

When data p r o c e s s in g  equipm ent is  leased , it should be c o n -

s id e re d  as an operationa l expense . ORSANCO le a s e s  its data
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p r o c e s s in g  equipm ent at a ch a rge  o f  $Z3, 600 per ye a r .  The c o m -

puter fa c i l i ty  contains "an  IBM  1130, 2B com puting  system , with 

8K and d isk  pack, 1134 paper tape rea d er  and 1055 punch, 1442 

c a r d - r e a d  punch unit, 1132 m ed iu m  speed  prin ter ,  and 029 

in terp ret in g  key punch (Klein, et. al. , 1968).

Other op eration a l expenses  include e le c t r i c  s e r v i c e  and 

s a la r ie s .  E le c t r i c  s e r v i c e  fo r  the New Y o r k  H arbor  s y s te m  o f  

f ive  stations was $ 2 ,4 0 0  per year. C h arges  f igu red  fo r  an eight 

station n etw ork  w e re  $3, 8 4 0 / year . S a lar ies  fo r  both the f ive  and 

eight station sy s te m s  w e re  $25, 2 5 0 /y e a r  (B r o m b e r g  and C a ra m es , 

1970).

An ap p rec ia t ion  o f  the constituent o p era t ion  and m aintenance 

e xp en ses  m entioned  above is  im portant. H ow ever, a d is c u s s io n  of 

the total op e ra t io n  and m aintenance expenditures  is  p rob a b ly  m o r e  

va luable . F o r  the New Y o r k  H arbor  m on itor in g  s y s te m  o f  five  

stations (6 -8  p a ra m e te rs  per station), the total op era t ion  and 

m aintenance  c o s t  w as $ 3 1 ,6 8 4  per year ( in c ludes  s a la r ie s ,  s e rv ic in g ,  

r e p la c e m e n t  equipm ent, le a s e d  lines , e l e c t r i c  s e r v ic e ,  and t r a n s -

porta tion ).  On a per station bas is ,  this is  $6, 3 4 0 / s ta t io n /y e a r .

Tota l o p era t ion  and m aintenance c o s t s  fo r  the New Y o r k  H arbor  

s y s te m  o f  eight stations was $35, 1 8 9 /y e a r ,  o r  $4, 4 0 0 /  s ta t io n /y e a r  

(B r o m b e r g  and C a ra m e s ,  1970).



A n derson , Jam es J. (1970a) es t im ates  a total op era t ion  and 

m aintenan ce  c o s t  f o r  an eight station s y s te m  (7 p a ra m e te rs  per 

station) at $33, 0 0 0 / year, or  $4, 125 per s ta t io n /y e a r •

A  total annual op eration  and m aintenance  c o s t  f o r  the som ew hat 

la r g e r  ORSANCO s y s te m  (14 m o n ito rs  - 7 p a ra m e te rs  per  station) 

is  lo w e r ,  at $53, 500 o r  $3, 821 /  station. This  c o s t  inc ludes  

s e rv ic in g ,  te legrap h  line ch a rges ,  and le a s e d  data p r o c e s s in g  

equipm ent (Klein, et. al. , 1968).

L ife  E xp ecta n cy  o f  Instrum entation

Another im portant co n s id e ra t io n  w hich  has s ign ificant im p act  

on the c o s t  of am autom atic  m o n itor in g  s y s te m  is d e p re c ia t io n  o f  

equipm ent. Due to aging ( in c r e a s e  in m aintenance n e c e s s a r y )  and 

o b s o le s c e n c e ,  re p la ce m e n t  o f  equipm ent m ay  be n e c e s s a r y  e v e ry  

seven  ye a rs  (Klein , et. a l . ,  1968).

55

Tota l Annual C ost

Given the seven  yea r  l i fe  expectancy , op era t ion  and m aintenance  

c o s ts ,  initial cap ita l investm ent f o r  equipm ent, installation , and 

am ortiza tion , the total annual c o s t  o f  an autom atic  m on itor in g  sys tem  

can  be d eterm in ed . F o r  the ORSANCO s y s te m  (14 m o n ito rs ) ,  a c o s t  

o f  $74, 000 or  $5, 300/ station was com puted  (Klein, et. al. , 1968).

A n derson , Jam es J. (1970a) es t im ates  a c o s t  o f  $60, 000 or 

$7, 500 / station f o r  an eight station t e le m e tr y  netw ork  o v e r  a one
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hundred m ile  stretch  o f  r iv e r .  Included in this c o s t  is an a m o r t i -

zation rate o f  10% fo r  a ten year  p er iod .

Without te le m e tr y  the c o s t  is  only slightly  lo w e r  fo r  a one 

station sy s te m . Tota l annual c o s ts  fo r  the Patuxent R iv e r  s y s te m  

a v era ged  $5, 000 (Nauman and C o ry ,  1970).

M o b ile  M on itors

A ctually , the c o s t  ana lysis  f o r  a m o b i le  s y s te m  w ill  be v e ry  

s im ila r  to that fo r  the in situ sy s te m s  m entioned  above . The sam e 

m o n ito rs  can be em p loyed  s in ce  no s ign ificant design  change is 

n eeded  (B a ll in g er ,  1971b). The only rea l  d i f fe re n ce  is the in c r e a s e d  

c o s t  fo r  insta llation  s in ce  m o b ile  packaging is n e c e s s a r y .  W is c o n -

s in 's  m o b i le  unit in it ia lly  c o s t  $20, 000, including m o n ito r  and tr a i le r  

packaging. A ssu m in g  that the p r ic e  o f  the m o n ito r  alone was $8, 000, 

the c o s t  of the t r a i le r  and insta llation  m ust have been about $12, 000. 

T ota l op era t ion  and m aintenance exp en ses  fo r  this t r a i le r  m o n ito r  

have been  $5, 000 p e r  year  w hich  includes  a ssu m ed  c o s t  o f  $2, 000 / 

yea r  for  d e p re c ia t io n  o f  the m o b i le  la b o r a to r y  (K le inert ,  1971).

Im m e r s io n  M on itor

Since im m e r s io n  m o n ito rs  are  a fa ir ly  re cen t  addition to 

m on ito r in g  technology , little  in form ation  is availab le  on the c o s t  

o f  such units. H ow ever, P a lm e r ,  (1971) has p rov id ed  the 

fo l low in g  f ig u re s :
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P u rch a se  p r ice  ......................................... r • • $ 1 0 ,0 0 0 /u n it
R e m o o r in g  e le c t ro n ic  ch e ck
out and c a l i b r a t i o n ............................. ap p rox  $ 2 .0 0 0
G rab and sam ple  c h e c k  on
c a l i b r a t i o n .............................................  apprOx $ 2 0 -t r a v e l

3 0 - la b o r  
1 2 - analysis  
(ea ch  tim e)

P o s tm o o r in g  e le c t ro n ic
ch e ck  out and c a l i b r a t i o n ...............................$80
Data p r o c e s s in g  ................................................. $ 6 5 - com p u ter  tim e

1 0 - la b o r
F u rth e r  data a n a l y s i s .........................a p p rox  $400 - com p u ter  t im e
(highly v a r ia b le  cost)  4 0 0 - la b o r

(in terp reta t ion  and 
re p o r t  w riting)

Support s y s t e m ................................................. <r$700

P a lm e r  a lso  co m m e n te d  that im m e r s io n  units due to their  portab ility  

and c o m p a ctn e s s ,  a llow  ea sy  handling in the f ie ld  and e le c t ro n ic  

s e r v ic in g  in the la b o ra to ry .  This m a y  have a b e n e f ic ia l  and 

s ign if icant im p a ct  on the m aintenance c o s ts  a s s o c ia te d  with these 

m o n ito r s .



C H A P T E R  III

ANALYSIS OF THE D ETE CTIO N  E F F E C T IV E N E S S

OF A U T O M A TIC  MONITORS

A b ility  to D etect  P o llu tion  Events

F o r  grab  sam pling, Vanderholm  (1972) has d eve lop ed  a re la t io n -

ship betw een p e rce n t  sp ill  d etect ion  (e f fe c t iv e n e s s )  and sam pling 

fre q u e n cy  (F ig u re  8). This sam e re la t ion sh ip  can be e m p lo y e d  to 

analyze the ab ility  o f  autom atic  m o n ito rs  to d etect  s p i l ls .  A utom atic  

m o n ito rs  have the capab ility  to a cq u ire  and analyze sam p les  on a 

continuous, instantaneous b a s is .  N e v e r th e le s s ,  n e a r ly  all sys te m s  

sam ple  at hourly  in terv a ls .  This  is  a c o m p r o m is e  betw een obtaining 

s ta t is t ica l ly  va lid  data and c o s t .  A c c o r d in g  to Klein, et. al. ( I 968), 

investiga tion s  o f  in terre la t ion sh ip s  betw een w ater quality p a ra m e te rs  

r e q u ire  at least  twenty pa irs  of o b se rv a t io n s  in o r d e r  to obtain 

s ta t is t ica l ly  m eaningfu l re su lts  on a da ily  b a s is .  Now, h ow ever , 

h ou r ly  sam pling  in terva ls  can be ju s t i f ied  on a spill  de tect ion  

(e f fe c t iv e n e s s )  b a s is .  F r o m  V a n d e rh o lm 's  re la t ion sh ip  (F ig u re  8), 

it can be seen  that sam pling  fre q u e n c ie s  in e x c e s s  o f  once  per day 

w ill  approach  100% spill  d etect ion . Thus, the assum ption  w ill  be 

m ade that sam pling  at h ou rly  in terva ls  using autom atic  m o n ito rs  w ill 

give 100% sp ill  d e tect ion  e f fe c t iv e n e s s .
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Figure 8. Relationship between sampling frequency and 
detection probability for one station at 
lower end of reach with 0-3 day random spill 
duration (From Vanderholm, 19 72) .
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P a ra m e te r  L im ita t ion s

In the l ite ra tu re  re v ie w  m ention  was m ade  o f  the inadequate 

p r o g r e s s  in deve lop in g  new s e n s o r s .  R ea lly ,  only five  s e n s o r s  can 

be c o n s id e r e d  su ff ic ien tly  dependable fo r  unattended f ie ld  use . T h ese  

f ive  s e n s o r s  a re :  tem p era tu re , d is s o lv e d  oxygen, pH, conductiv ity , 

and turbid ity . The question  now a r is e s  as to the ability  o f  these 

p a ra m e te rs  to d e tect  pollution  events .

One approach  tow ards so lv in g  the p r o b le m  would be to lo o k  at 

the w ater  quality c r i t e r ia  m entioned  in state standards . F ew  of the 

p a ra m e te rs  l is te d  are  actually  m e a s u r a b le  by autom atic  m o n ito rs  

(T a b le  2). If on ly  the f ive  p a ra m e te rs  (DO,'* T, pH, Cond, and 

Turb) m entioned  above are  co n s id e re d ,  5 out o f  45, o r  about 11% 

o f  the c r i t e r ia  a r e  m e a s u r a b le  with autom atic  m o n ito r s .

A nother approach  m ight be to con su lt  T a b le  3 o f  the l ite ra tu re  

re v ie w . H ere ,  G reen  (1966) has m ad e  a determ ination  o f  the 

p a ra m e te rs  needed  fo r  autom atic  m o n itor in g .  The n um ber of 

p a ra m e te rs  l is te d  in T ab le  3 is n ineteen. Thus, only 5 out o f  24, 

o r  a p p rox im a te ly  21% of the im portant p a ra m e te rs  (needed  plus those  

a lre a d y  re l ia b ly  m ea su red )  are  now being m o n ito re d .

The r e s e a r c h  w hich  has been a c c o m p l is h e d  with r e s p e c t  to 

r e la t iv e  p a ra m eter  im p o rta n ce  can be u t i l ized  as another approach  

to an sw erin g  the question : What p ro p o r t io n  o f  pollution  events can 

be d e tected  by m e a s u r in g  only tem p era tu re ,  d is s o lv e d  oxygen, pH,
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conductiv ity , and turbidity? F irs t ,  by  o b s e rv in g  T ab le  8, the 

re la t ive  fre q u e n cy  o f  o c c u r r e n c e  o f  c r i t e r ia  l is ted  in state w ater 

quality c r i t e r ia  is rev e a le d .  Note that out o f  the eight p a ra m e te rs  

o c c u r r in g  m o r e  than 50% of the t im e, three  are  capable  o f  being 

dependably  m e a s u re d  by autom atic  m o n ito r s .  Thus, n e a r ly  40% 

o f  the m o s t  frequently  used  c r i t e r ia  are  m e a su ra b le  by cu rre n t ly  

ava ilab le  s e n s o r s .  The assu m ption  is  m ade that the m o r e  frequent 

c r i t e r ia  are  a lso  those  co n s id e r e d  to be the m o st  s ign ificant for  

w ater and waste w ater  ch a ra c te r iza t io n .

Secondly , a d eterm in a tion  o f  the op in ions of w ater quality e x -

perts  m a y  be p e r fo r m e d .  The resu lts  o f  a poll of 142 exp erts  c o n -

ducted  by Brow n, et. al. (1970) are  given in T ab le  9. Out o f  this 

l i s t  o f  11 p a ra m e te rs ,  4 are  m e a s u re d  by autom atic  m o n ito rs .  Thus, 

a p p rox im a te ly  36% o f  the p a ra m e te rs  identified  as the m o s t  

s ign if icant are those  ava ilab le  by autom atic  m on itor in g .

Both approaches  rev ea l  w hich  p a ra m e te rs  are  m o s t  sign ificant. 

H ow ev er ,  does  high p aram eter  s ig n if ica n ce  c o r r e s p o n d  to high 

d e tect ion  ability? This  question  is p re se n t ly  unansw erable  s in ce  the 

s t a t e - o f -a r t  o f  individual p a ra m e te r  w aste  d e tect ion  ability  is 

m in im a l.  T h ere  is som e  indication  o f  an in terre la t ion sh ip  am ong 

p a r a m e te r s .  F o r  instance, it is g e n e ra l ly  a cce p te d  that d is s o lv e d  

oxygen  (m g /1 )  is  n ega tive ly  c o r r e la te d  with te m p e ra tu re .  S im ilar ly , 

there  is s om e  ind ication  that BOD is  c o r r e la te d  with d is s o lv e d  oxygen.



T A B L E  8. F r e q u e n c y  of p a ra m e te r  usage  for  w ater  quality  c r i t e r ia  b a se d  on 43 states  and D istr ict .
o f  C o lu m bia  (387 basins) (F r o m  B a ll in ger ,  1968b). P a r a m e te r s  re l ia b ly  m e a s u r e d  by 
autom atic  m o n ito rs  are  in d ica ted  by  an a s te r is k .
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C o lo r MBAS

Z in c
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T A B L E  9* L is t  o f  e leven  m o s t  s ign ificant p a ra m e te rs  (F r o m
B row n  et. al. , 1970). P a ra m e te r s  r e l ia b ly  m e a s u re d  
by autom atic  m o n ito rs  are  ind ica ted  by an a s te r isk .

P a ra m e te r s

* D is s o lv e d  oxygen

B io c h e m ic a l  oxygen  
dem and (5 day)

* Turb id ity  

Tota l Solids 

N itrates

Phosphates

>:< pH

* T e m p e ra tu re  

F e c a l  c o n f o r m s  

P e s t ic id e s  

T o x ic  e lem ents
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and conductiv ity  with a lkalin ity  and total d is s o lv e d  s o l id s .  If 

defin ite  re la t ion sh ip s  ex is t  f o r  the above p a ra m e te rs ,  perhaps by 

m e a s u r in g  one the other can be com puted . O r, m o r e  im portantly , 

m e a s u re m e n t  of one o f  the p a ra m e te rs  m ay  indicate  pollution  events 

as w e ll  as the m e a su re m e n t  o f  both. Thus, m e a su re m e n t  o f  d is s o lv e d  

oxygen  m a y  indicate  the p r e s e n c e  o f  BOD w a stes .  S im ila r ly ,  c o n -

ductiv ity  m e a su re m e n ts  should be cap ab le  o f  detect ing  total d is s o lv e d  

so lid s  v io la t ion s .  If this is  the ca se ,  then the five m e a s u re m e n ts  

(DO, T, pH, Cond, and Turb) m ay  account fo r  6 out o f  11, o r  about 

54%, o f  the p a ra m e te rs  l is te d  in T a b le  9* In other  w o rd s ,  it is 

p rob a b le  that on ly  a few  p a ra m e te rs  need  to be  m e a s u r e d  in o r d e r  

to d e tect  the m a jo r i ty  o f  pollution  events .

The fo re g o in g  d is c u s s io n  on autom atic  m o n ito r  p a ra m e te r  l i m i -

tations is  p re d ica te d  on m any assu m ptions  w hich  have no f i r m  

support. H ow ever, it is  not the p u rp ose  of this paper to f i l l  these  

gaps in the s ta t e - o f - t h e -a r t  o f  re la t ive  p a ra m e te r  im p o rta n ce .  The 

o b je c t iv e  h ere  is  to d e te rm in e  the e f fe c t iv e n e s s  o f  autom atic  m o n ito r s .  

U sing what is p re se n t ly  known on re la t ive  p a ra m e te r  s ign if ican ce ,  

a range o f  11-54%  o f  the im portant w ater quality p a ra m e te rs  m ay  be 

m e a s u r a b le  by the autom atic  m o n itor in g  s e n s o r s  that a re  p re se n t ly  

r e l ia b le .

The p r im a r y  assu m ption  o f  100% d etect ion  e f fe c t iv e n e s s  appears 

to be invalid . F o r  autom atic  m o n ito r s  with the p re se n t  s ta te -o f -  

th e -a r t ,  p a ra m e te r  l im itations  w ill  red u ce  d etect ion  e f fe c t iv e n e s s



65

to a p ercen ta ge  lo w e r  than 100%. Without s p e c i f i c  in fo rm a tion  on 

individual p a ra m eter  d e tect ion  ability , an e xa ct  p ercen ta ge  can not 

be generated . H ow ever, is  it n e c e s s a r y  to have 100% detect ion  

ability  in o r d e r  fo r  autom atic  m o n ito rs  to be an e f fe c t iv e  abatem ent 

too l?  Th is  is  perhaps a su b jec t ive  evaluation to be m ade by each  

w ater  quality m an ager  when he is  design ing  a s u rv e i l la n ce  netw ork . 

N e v e r th e le s s ,  the fact that autom atic  m o n ito rs  can p re se n t ly  m e a s u re  

a la rg e  share of the m o st  im portan t w ater quality p a ra m e te rs  is  

s ign ificant. With this capability , few  pollution events should e s ca p e  

d etect ion . Thus, autom atic  m o n ito rs  m ay  not p rov id e  p e r fe c t  

d e tect ion  e f fe c t iv e n e s s  but the d etect ion  a f ford ed  should be su ffic ien t  

to a s su re  a high le v e l  o f  abatem ent e f fe c t iv e n e s s .  F o r  exam ple , if  

a po llu ter  knows that there  is  a g r e a te r  than 50% chance  o f  being 

d e tected  he m ay  not be w ill ing  to take the r is k  of being caught. Thus, 

anything o v e r  50% d etect ion  m ay  be su ff ic ien t  to a s su re  that pollution 

is  abated.



C H A P T E R  IV

A B A T E M E N T  E F F E C T IV E N E S S  O F M ONITORING STATIONS

D esign  P r o c e d u r e

F o r  e n fo r ce m e n t  activ ity , the p r im a ry  co n s id e ra t io n  is abate-

m ent of pollution s o u r c e s .  Abatem ent in v o lves  d e tect ion  o f  pollution, 

tra c in g  the pollution to its so u rce ,  and e n fo r ce m e n t  p ro ce e d in g s  

■with the guilty party  in o rd e r  to red u ce  the pollution  to a le v e l  that 

w ill  not cause  a v io la tion  o f  s tre a m  standards . The re la t ion sh ip  

betw een  abatem ent e f fe c t iv e n e s s  and d etect ion  e f fe c t iv e n e s s  was 

d is c u s s e d  in the pre-vlous chapter. The other fa c to r  in fluencing 

abatem ent e f fe c t iv e n e s s  is  the lo ca t ion  o f  w ater  quality su rv e i l la n ce  

stations. F o r  the w ater  quality m anager , the c h o ic e  o f  station 

lo ca t io n  is p resen t ly  a su b jec t ive  evaluation . The f i r s t  two steps of 

the des ign  p r o ce d u r e  p ro v id e s  a qucintitative m ethod  fo r  d eterm in in g  

station lo ca t ion .  Steps 3 -5  are  em p loyed  to obtain the re la tionsh ip  

betw een  abatem ent e f fe c t iv e n e s s  and n um ber o f  e f fe c t iv e  stations.

The design  p ro ce d u r e  is j

1 . E num erate  p r im a ry  stations using  s tr e a m  c h a ra c te r iz a t io n  

data;

2. E num erate  e f fe c t iv e  p r im a ry  stations using w aste  outfall 

in form ation ;
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3. Rank e f fe c t iv e  stations;

4. A ss ig n  e f fe c t iv e  stations to an im p orta n ce  ca te g o ry ;  and

5. C a lcu late  n u m e r ica l  im p orta n ce  values f o r  the e f fe c t iv e  

s ta tion s .

E n u m eration  o f  P r im a r y  Stations

D ecid in g  on the num ber of stations needed  to fu lfi l l  the abate -

m ent o b je c t iv e s  o f  a station w ater quality c o n tro l  agency  f i r s t  

r e q u ir e s  ch a ra c te r iz a t io n  of the w ater  bod ies  in the state. S tream  

ch a ra c te r iza t io n  in vo lves  d eterm in in g  va r ia b i l i ty  in w ater  quality 

and id entif ica tion  o f  w aste ou tfa lls .  V a r ia b i l i ty  can be d e term in ed  

using  data f r o m  v a r iou s  s o u r c e s :  (1) the s ta te 's  routine su rv e i l la n ce  

system , (2) county and c ity  health departm en t r e c o r d s ,  and (3) 

s p e c ia l  s u rv e y s .  S om e s o r t  of w aste  outfall inventory  is  needed  fo r  

the id entif ica tion  of pollution s o u r c e s .  Specia l su rveys  and p o ss ib ly  

county and city  r e c o r d s  can  a lso  be used  fo r  this p u rp ose .  In 

addition, a p e rm it  s y s te m  would be e x tr e m e ly  usefu l in prov id ing  

in fo rm a tion  on the lo ca t ion  o f  w aste  ou tfa lls .  The p e rm it  sy s te m  

w ould  a lso  m ake availab le  in fo rm a tion  on the type o f  w aste  d is ch a rg e d  

at each  outfall. The n e c e s s i t y  o f  a p e rm it  p r o g r a m  fo r  the d e t e r -

m ination  o f  station lo ca t io n  cannot be o v e re m p h a s ize d .

O nce  c o l le c te d ,  in fo rm a tion  on va r ia b i l i ty  and w aste  outfall 

id entif ica tion  can be v e r y  e f fe c t iv e ly  d isp layed  on r iv e r  m ile  graphs. 

V isu a l o b se rv a t io n  can then re v e a l  points o f  high v a r ia b i l i ty  a n d /o r



high pollution  potential (a re a s  o f  num erou s  w aste  ou tfa lls ) .  Using 

the des ign  p r o ce d u re  d e v is e d  by W ard (1971), the state agency  can 

then d e te rm in e  the lo ca t io n  o f  stations f o r  its p r im a r y  and s e co n d a ry  

netw ork . P r im a r y  stations w ill  c o r r e s p o n d  to a rea s  o f  high 

v a r ia b i l i ty  a n d /o r  high pollution potential. E x ist ing  su rv e i l la n ce  

stations in a reas  of little  va r ia b i l i ty  o r  low  pollution potential w ill  

be designated  as s e co n d a ry  stations. Thus, the s u rv e i l la n ce  s y s te m  

r e f le c t s  the two m ain  o b je c t iv e s  o f  state w ater  quality c o n tro l  

a g e n c ie s :  abatem ent and prevention . P r im a r y  stations w ill  dem and 

high sam pling  fre q u e n c ie s  and w ill  supply re g u la to ry  data, while 

s e co n d a ry  stations w ill  be sam pled  le s s  frequently  and w ill  supply 

in fo rm a tion  on w ater  quality trends f o r  use in planning and p r e -

vention.

6 8

E n um eration  o f  E f fe c t iv e  P r im a r y  Stations

N aturally , p r im a r y  stations a re  o f  m a jo r  c o n c e r n  in this study 

s in ce  autom atic  m o n ito rs  are  ge a re d  tow ard s  supplying abatem ent 

data. O nce  the num ber o f  p r im a r y  stations has been enum erated , the 

secon d  step in d e term in in g  the nu m ber  o f  stations n e c e s s a r y  to fu lfill  

abatem ent o b je c t iv e s  in v o lves  an ana lys is  o f  w aste  types and num bers  

o f  w aste  ou tfa lls .  This  ana lys is  w ill  r e v e a l  the e f fe c t iv e  stations. 

E f fe c t iv e  stations a re  those  p r im a r y  stations that are  essen tia l  to 

a c c u r a te ly  and exp ed itou s ly  t r a c e  pollution  events .
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Im portant in this ana lys is  is  the idea  that tra c in g  pollution  events 

constitu tes  the s u rv e i l la n ce  phase o f  abatem ent and that a c c u r a c y  and 

exp e d ie n cy  are  c r i t i c a l  fa c to r s  in t ra ce a b il i ty .  M e r e  d etect ion  o f  

s t r e a m  standard v io la tion s  is  not abatem ent until the v io la to r  has 

been  d is c o v e r e d .  L o ca t io n  o f  s o u r c e s  o f  de tected  pollution  w ill 

re q u ire  grab  Scimpling of the u p s tre a m  w ater c o u r s e  and of w aste  

outfa lls  in o rd e r  to t r a c e  the pollution to the v io la to r (s ) .  The p e r -

fo rm a n ce  e f f i c ie n c y  of this task  w ill  depend on the t im e  d e lay  in 

detection , the num ber o f  outfa lls  u p stream , and the types  o f  w astes  

d is ch a rg e d .  The latter  two fa c to r s  w ill  d e term in e  tra ce a b i l i ty  

(i. e. , a c c u r a c y  and exped ien cy  in trac in g ) .  The f o r m e r  c r i t e r io n  

is  m et  by  u til iz ing  autom atic  m o n ito rs  w hich  a re  capable  of 

instantaneous (re a l  tim e) data accum ulation  aJid an a lyses .  H ence, 

in the enum eration  o f  e f fe c t iv e  p r im a r y  stations, a c c u r a c y  and 

e x p ed ien cy  of tra c in g  pollution  events w ill  be the essen tia l  c o n -

s iderat ion s  .

The fo re g o in g  d is c u s s io n  ind ica tes  that the num ber o f  p r im a ry  

stations can be red u ced  by the p ro p e r  ch o ic e  o f  stations so as to 

e lim inate  those stations not s ign if icantly  contributing  to t ra ce a b i l i ty  

(i. e. , s u rv e i l la n ce  abatem ent e f f i c ie n c y ) .  The p ro p e r  c h o ic e  o f  

e f fe c t iv e  stations w ill  re q u ire  an analysis  o f  the s tre a m  to d eterm in e  

points m o s t  suitable f o r  a c cu ra te ly  and exped iently  t ra c in g  pollution  

events . In this ana lysis ,  a c c u r a c y  and exp ed ien cy  can  be transla ted
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into w aste  type and num ber o f  outfa lls , r e s p e c t iv e ly .  H ence, as 

the nu m ber  o f  w aste  outfa lls  betw een stations in c r e a s e s ,  the le s s  

exped ient it is to tra ce  the pollution  event to any individual outfall.

F o r  a c cu r a c y ,  there  is  a d ifferen t  re la t ion sh ip . If the w aste  types 

a re  d ifferent, the e a s ie r  it is to t r a c e  the pollution  event to one 

s o u r c e .  F o r  exam ple , in a c ity  such as F o r t  C oll in s ,  C o lorad o ,  

w h ere  m o s t  o f  the w astes  are  o f  m un ic ipa l or ig in , a pollution  event 

causing  high ac id ity  ( low  pH readings) would be r e la t iv e ly  e a s y  to 

t r a c e  b e ca u se  there  are  few  s o u r ce s  apt to d is ch a rg e  this kind o f  

w aste . Thus, under such cond itions  a lo c a l  p ick le  fa c to r y  m a y  be 

su sp ect .

When industria l and m unic ipa l w astes  are  com bin ed  and treated  

in a m u n ic ip a l treatm en t  plant, the p r o c e s s  o f  lo ca t in g  the w aste 

s o u r c e  m a y  be co m p lica te d .  The c o l le c t io n  s y s te m  of the m unic ipa l 

fa c i l i ty  m ust a lso  then be m o n ito re d .  Th is ,  how ever ,  is  r ightfu lly  

the re sp o n s ib i l i ty  o f  the m u n ic ip a lity  in ch a rge  o f  the plant and not 

the state agency . The state agency  can  only t r a c e  the pollution  

event to the outfall o f  the m unic ipa l treatm en t plant. In the d e te rm in a -

tion o f  e f fe c t iv e  p r im a r y  stations, such com b in ed  treatm en t plants 

w ill  be treated  as m ultip le  w aste  s o u r ce  outfa lls . T h ese  outfa lls  

m ust be sam pled  any tim e the pollution  event is  ind icative  o f  any 

o f  the w aste  types  treated  by the plant.
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Reinking o f  E ffe c t iv e  Stations

O nce  the nu m ber  o f  e f fe c t iv e  p r im a r y  stations has been 

enum erated , the least  n um ber o f  stations n e c e s s a r y  to fu lfi l l  state 

abatem ent o b je c t iv e s  w ill  have been  esta b lish ed . In other w ord s ,  

the n um ber o f  e f fe c t iv e  p r im a ry  stations d ec id e d  upon using the 

above p r o ce d u re  should y ie ld  the best  p o ss ib le  abatem ent based  on 

the identification  of the pollu ter  and the abatem ent o b je c t iv e s  o f  the 

state agency. Any further red u ction  in stations w ill  then resu lt  in 

a d e c r e a s e d  ab ility  in m eetin g  abatem ent o b je c t iv e s  and t h e r e fo r e  a 

red u ction  in the e f fe c t iv e n e s s  o f  the a g e n c y 's  r e g u la to ry  function.

The p u rp ose  o f  this s e ct ion  is  to d e term in e  the in cre m e n t  d e c r e a s e  

in abatem ent e f fe c t iv e n e s s  due to the l o s s  o f  each  e f fe c t iv e  p r im a ry  

station. T o  a c c o m p l is h  this, e f fe c t iv e  p r im a r y  stations w ill  be 

ranked a c c o r d in g  to their  im p orta n ce .  Im p ortan ce  w ill  be d e term in ed  

on the b a s is  o f  fou r  c r i te r ia :  (1) tra ce a b il i ty ,  (2) po llution  potential,

(3) va r ia b i l i ty  in s tre a m  c h a r a c t e r is t i c s ,  and (4) m ean  va lues  o f  

s t r e a m  c h a r a c t e r is t i c s .  H ere , pollution potential r e fe r s  to the 

m agnitude o f  the industria l o r  m unic ipa l op era t ion  as w ell  as its 

l ik e l ih o o d  o f  polluting. Thus, a rea s  having la r g e  in d u str ies  a n d /o r  

m u n ic ip a l treatm en t plants with r e c o r d s  o f  polluting w ill  be ass ign ed  

a h igher im p o rta n ce  ranking than area s  o f  sm a ll  op era t ion s  without 

pollution  r e c o r d s .  Since e f fe c t iv e  p r im a ry  stations are  d e term in ed  

on the bas is  o f  reta in ing t ra cea b il ity ,  a c c u r a c y  and exp e d ie n cy  are



the p r im a r y  c r i t e r ia  used  in station ranking. In the p rev iou s  section , 

su rv e i l la n ce  abatem ent e f fe c t iv e n e s s  -was equated to t ra ce a b il i ty .  A 

red u ction  in abatem ent e f fe c t iv e n e s s  resu ltin g  f r o m  a d e c r e a s e  in 

the nu m ber  o f  e f fe c t iv e  p r im a ry  stations can be d ir e c t ly  re la ted  to 

the l o s s  in the ability  to t r a c e  a pollution  event. The la st  tv/o fa c to r s  

o f  va r ia b il ity  and m ean s  in s tr e a m  c h a r a c te r is t ic s  a re  the sam e 

c r i t e r ia  which w e r e  used by W ard (1971) to d e term in e  the lo ca t ion  

o f  p r im a ry  stations. T h ey  are  im portant now s in ce  s o m e  e f fe c t iv e  

p r im a r y  stations m a y  exhibit m o r e  va r ia b i l i ty  or  p a ra m eter  m eans 

n e a r e r  s tr e a m  standard vio la tion s  than o th e rs .  A ll other fa c to r s  

being equal, stations showing these c h a r a c t e r is t i c s  should r e c e iv e  

h igher  ranking.
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A ss ign in g  E ffe c t iv e  Stations to an Im p orta n ce  C a teg ory

E m p loy in g  the above c r i te r ia ,  stations w ill  be grouped  into the 

fo l low in g  c a t e g o r ie s :

1. High im p o rta n ce

2. M ed iu m  im p ortan ce

3. L ow  im p o rta n ce

E a ch  station grouped  into the f i r s t  c a te g o ry  w ill  then be a ss ig n ed  a 

value (V) re p re se n t in g  the n u m e r ica l  im p o rta n ce  of the f i r s t  ca te g o ry .  

Stations in the s e co n d  c a te g o r y  (m ed iu m  im p ortan ce )  w ill  be ass ign ed  

va lues  equalling V /2 .  S im ilar ly ,  stations in the la st  c a te g o r y  w ill  

be ass ig n ed  va lues  equal to Y / A ( \  V /2 ) .  H ence, the fo llow in g
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table  can be co n stru cte d :

1. High im pórtam ee V "(#  o f  stations) = W

2. M ed iu m  im p orta n ce V / 2 - ( #  o f  stations) = X

3. L ow  im p o rta n ce V /4 * (#  o f  stations) = Y

Tota l = Z

C a lcu la tion  o f  N u m e r ica l  Im p ortan ce  Values

The le t te rs  (W, X, Y) equal the re la t ive  n u m e r ica l  im p o rta n ce  

o f  their  c o r re s p o n d in g  ca te g o ry .  Thus, if  V is  la rg e  but th ere  are 

few  stations grouped  into the f i r s t  ca te g o ry ,  c a te g o r y  two m ay  have 

a la r g e r  n u m e r ica l  value than n um ber one (g iven  two has m any m o r e  

sta tion s).  The value Z is  the sum m ation  o f  the n u m e r ica l  va lues o f  

all c a te g o r ie s  (i. e. , W +X+Y). To put all va lues  in the table on a 

p ercen ta g e  ba s is ,  the fo l low in g  ca lcu la t ion s  a re  c a r r ie d  out:

(1) Z '  =  ~  =  100

(2) W  = ^  = % figure

(3) X ' = ^  % figure

Y
(4) Y' -  %  f igu re  w here  ^  equals any num ber when

d iv ided  into Z y ie lds  100.

then:

(5) V  = W ' / #  o f  high im p o rta n ce  stations = n u m e r ic a l  im p orta n ce  
value fo r  each  high im p o rta n ce  station 
V' = n u m e r ica l  im p orta n ce  value o f  m ed iu m  im p o rta n ce  
2 stations.

^ 2  -  n u m e r ica l  im p orta n ce  value o f  low  im p o rta n ce  stations.
4



The value (V) is a ss ign ed  a r b it r a r i ly .  O nce V is ch osen  the

im p o rta n ce  table com pleted , and the n e c e s s a r y  ca lcu la t ion s  p e r fo r m e d

the re la t ion sh ip  betw een  abatem ent e f fe c t iv e n e s s  and num ber of

stations is re a d ily  ava ilab le .  L o s s  o f  a low  im p o rta n ce  station w ill

V ’re su lt  in a reduction  o f  e f fe c t iv e n e s s  equal to ^  . F o r  m e d iu m  and

high im p orta n ce  stations, the d e c r e a s e  in e f fe c t iv e n e s s  due to lo s s

Vof a station w ill  be equal t o a n d  V ,  r e s p e c t iv e ly .

A pp lica tion  o f  D esign  P r o c e d u r e  to C o lo ra d o

E n u m eration  o f  P r im a r y  Stations

W ard  (1971) has d e term in ed  the p r im a ry  stations fo r  C o lo ra d o .  

His a s s e s s m e n t  is  b a sed  on an ana lys is  o f  the m a jo r  r iv e r  bas ins  in 

C o lo ra d o .  In his an a lys is ,  the A rk an sas ,  C o lora d o ,  and South 

P latte  R iv e r  B asins  a re  c h a r a c te r iz e d  using the m eans  and v a r ia n ces  

o f  five  p a ra m e te rs ,  BOD, DO, pH, TDS, and flow . A r e a s  Of high 

p a ra m e te r  variab ility ,  m ean  values c l o s e  to o r  in v io la tion  o f  s tre a m  

standards, and m any w aste  outfa lls  a re  identified  as p r im a ry  stations 

(F ig u re  9).
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E n um eration  o f  E f fe c t iv e  P r im a r y  Stations

F o r  the A rk an sas  R iv e r  Basin, four p r im a ry  stations have been 

identified . The stations at N epesta  and La Junta w e re  ch osen  

b e ca u se  o f  high and grea t ly  vary ing  BOD read in gs .  A  s im ila r  

d eterm in a tion  was m ade  fo r  the H olly  station using TDS va lues.
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Figure 9. Colorado primary stations identified by 
Ward (1971) .
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The station on Fountain C r e e k  near  C o lo ra d o  Springs was ch osen  on 

the b a s is  o f  low  f low  and the high pollution  potential o f  the loca t ion .

S ince autom atic  m o n ito rs  can r e l ia b ly  m e a s u r e  T, pH, DO,

Cond, and Turb, the stations at N epesta  and L a  Junta would both 

be l ik e ly  to d e tect  v io la tion s  in BOD and DO standards . Pu eb lo  is 

the only like ly , m a jo r  s o u r ce  o f  BOD w astes  in this s tre tch  o f  the 

A rk an sas  R iv e r .  Thus, only one o f  these  stations w ould  be su ff ic ien t  

to tra ce  pollution or ig inatin g  f r o m  P u eb lo . S ince N epesta  is c l o s e r  

to P ueb lo , it w ill  be ch osen  as an e f fe c t iv e  p r im a ry  station. This  

c h o ic e  is based  on the assum ption  that the N eqesta  station w ill  detect  

m o r e  v io la tion s  due to le s s  d is p e r s io n  o f  the pollution  event. S ince 

TDS values do not in c r e a s e  s ign if ican tly  until d o w n stre a m  f r o m  La 

Junta, the station at H o lly  is  n e c e s s a r y  to d etect  TDS v io la tion s .

Due to the high pollution  potential betw een  the N ep esta  station and the 

one on Fountain  C reek , exp ed ien cy  dem ands that both stations be 

reta ined . A lso ,  the types o f  w astes  found in Fountain C r e e k  near 

C o lo ra d o  Springs and those  found in A rk ansas  d ow n strea m  f r o m  

P u eb lo  are  apt to be v e r y  s im ila r .  Thus, to a c cu ra te ly  pinpoint a 

pollution  so u rce ,  both stations are  esse n t ia l .

F o r  the C o lo ra d o  R iv e r  Basin, s ix  p r im a r y  stations have been 

identified . On the b a s is  o f  the five p a ra m e te rs  used, TDS s e e m s  

to be the m a jo r  c r i te r io n  a ffecting  w ater quality in the C o lo ra d o  

R iv e r .  Readings appear  to be g re a te r  than s tr e a m  standards, with
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la rg e  va r ia b il ity  as the C o lo ra d o  R iv e r  lea v es  the state. S im ilar  

cond itions  ex ist  at points w here  m a jo r  tr ib u ta r ies  enter the C o lo ra d o  

R iv e r  and at D elta  on the U ncom pahgre  R iv e r .  Thus, p r im a ry  

stations at Grand Junction on the Gunnison R iv e r ,  at D elta  on the 

U ncom pahgre  R iv e r ,  at G lenw ood  Springs on the R oa r in g  F ork , and 

at G ypsum  on the E ag le  R iv e r  w e re  ch osen . Since the TDS p r o b le m  

is  due to leach ing  and e r o s io n  o f  g e o lo g ic  fo rm a tio n s  as w ell  as 

i r r ig a t io n  return  flow s , the num ber o f  s o u r c e s  are  l ik e ly  to be 

la rg e ,  d isp e rs e d ,  and not e a s i ly  d e fin eab le . Hence, the c r i t e r ia  o f  

e x p ed ien cy  and a c c u r a c y  in tra c in g  the pollution  to its s o u r ce  

ind icate  that all th ese  stations are  essen tia l .

The station at D o ts e r o  on the C o lo ra d o  R iv e r  w as ch osen  on 

the b a s is  o f  high va r ia b i l i ty  in DO va lues, with read ings  l ik e ly  to be 

in v io la tion  of s t r e a m  standards . D ow n strea m  f r o m  D o tse ro ,  the 

va r ia b i l i ty  and l ik e lih ood  of s tre a m  standard vio la tion s  d e c r e a s e .

In fact, v io la tion s  in the sect ion  betw een  D o ts e r o  and F ru ita  appear 

unlikely . At the L o m a  station va r ia b i l i ty  in c r e a s e s  and DO values 

d e c r e a s e .  H ence, the s o u r ce  o f  low  DO read ings  and high va r ia b il ity  

in the C o lo ra d o  m u st  be u p s tre a m  f r o m  D o ts e r o  and d ow n stream  

f r o m  Grand Junction. Due to the la rg e  d istan ce  betw een  these  two 

stations, exp ed ien cy  dem ands that both stations be reta ined  as a 

part o f  the e f fe c t iv e  p r im a ry  netw ork.
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The analysis  to fo l lo w  on the South Platte R iv e r  basin  can be 

m o r e  p r e c i s e  due to the ava ilab ility  o f  data on w aste  s o u r c e s .  This 

in fo rm a tion  is ava ilab le  as a resu lt  o f  the South P latte  R iv e r  Basin  

P r o je c t  w hich was conducted  by the U .S .  D epartm ent o f  In ter io r ,  

F e d e r a l  W ater P o llu tion  C on tro l A dm in istra tion , F W P C A  in 

r e sp o n s e  to the 1963 through 1966 C o n fe re n ce  in the M atter o f  

P o llu tion  o f  the South P latte  R iv e r  Basin  in the State o f  C o lo ra d o .  

In form ation  on the num ber o f  outfa lls  and types o f  industria l w astes  

p re se n t  in the Basin  is e x tre m e ly  va luable  fo r  d eterm in in g  e f fe c t iv e  

p r im a r y  stations. R e m e m b e r  that exp ed ien cy  is d i r e c t ly  re la ted  

to the num ber of w aste outfalls  and a c c u r a c y  depends on the types 

o f  w astes  p resen t .  E xp ed ien cy  and a c c u r a c y  are  the fa c to r s  which 

d e te rm in e  tra ce a b il i ty ,  the c r i te r io n  used  to enum erate  e f fe c t iv e  

p r im a ry  stations.

Again, it m ust be em p h as ized  that w aste  outfall in ven tories  

do not e x is t  f o r  o ther  r iv e r  basins  in C o lo ra d o .  A  p e rm it  s y s te m  

would p rov id e  such data and th e r e fo r e  is c o n s id e r e d  valuable for  

any evaluation o f  station lo ca t io n s .

The n um ber of w aste  outfalls  and types o f  pollution exp ected  in 

d if fe ren t  reg ion s  of the South P latte  R iv e r  B asin  are  shown in 

T a b le s  10 and 11 as w ell as F ig u r e s  10, 11, and 12. Note p a r t icu la r ly  

that the outfall study identified  74 outfa lls  c o n s id e r e d  o f  m a jo r  

im p o rta n ce  on the b a s is  o f  their  w aste  d is c h a rg e s  (F ig u re s  10 and 11).
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T A B L E  10. Tota l num ber o f  w aste  outfa lls  in d ifferen t  re g io n s  o f  
South P latte R iv e r  B asin . (B ased  on data f r o m  South 
P latte  R iv e r  Basin  P r o je c t ,  1966c).

L i t t l e t o n - E n g l e w o o d .....................................................  24

B ea r  C r e e k ..........................................................................  29

S. D enver  to C h e rr y  C r e e k .................................  128

C h e rry  C re e k  ................................................   197

C h e rr y  C r e e k  to N. D enver  C o. L ine  .........  112

N. D en ver  to H e n d e r s o n .........................................N ot M ea su red

Sand C r e e k .......................................................................... 3

C le a r  C r e e k ..........................................................................  34

H end erson  to G r e e l e y .............................................Not M e a su re d

B ou ld er  C r e e k .................................................................. 58

Saint V r a i n ..........................................................................  3

B ig  T h om p son  .................................................................. 13

C ache L a  P ou d re  .......................................................... 28

G re e le y  to K e r s e y .....................................................Not M ea su red

K e r s e y  to F o r t  M o r g a n .............................................Not M ea su red

F o r t  M organ  to S t e r l i n g .............................................  3

S terling  to Stateline ...................................................... 8
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T A B L E  11. T yp es  of w astes  exp ected  in d if fe ren t  re g io n s  o f  the 
South Platte R iv e r  B asin . (B ased  on data f r o m  South 
P latte  R iv e r  Basin  P r o je c t ,  1966a, b and 1967).
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N. D en ver  to H en d erson  
Sand C re e k  
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C ulinary and fo o d  p r o c e s s in g  w astes .
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Figure 10. Waste outfalls identified as most important, 
Denver Metropolitan Area (Based on data 
from South Platte River Basin Project,
1966c).
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Figure 11. Waste outfalls identified as most important, 
remainder of South Platte River Basin (Based 
on data from South Platte River Basin, 1966c)
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FORT COLLINS

Figure 12. Location of industries with high pollution 
potential (Based on data from South Platte 
River Basin Project, 1966a, b, and 1967).
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Sixty of these  outfa lls  a re  in the D e n v e r -M e t r o  A rea , with 47 on the 

m ain  s te m  of the South Platte, 1 0 on C h e rr y  C r e e k  and 3 on C le a r  

C reek . A lso ,  o b s e r v e  the con cen tra t ion  o f  m a jo r  outfa lls  in the 

N orth w est  sect ion  o f  D enver  (outfall n u m bers  33 -57 ) .  The total 

n um ber o f  outfa lls  fo r  the South Platte B asin  is  given by re g io n  in 

T a b le  10 w hile  T a b le  11 l is ts  the types o f  w astes  d is ch a rg e d  by 

in d u str ies  along the South Platte o r  its t r ib u ta r ie s .  F ig u re  12 

shows those  in dustires  w hich w e re  m a in ly  r e sp o n s ib le  fo r  w ater 

quality  degradation  in the South Platte at the t im e  of the F W P C A  

study.

The in fo rm a tion  in th ese  tables  and f ig u re s  can now  be used  to 

de lineate  the e f fe c t iv e  p r im a ry  stations in the South P latte  R iv e r  

B asin . L a ter ,  th ese  sam e tab les  and f igu res  w il l  be applied  in 

ranking the delineated  e f fe c t iv e  stations.

The m a jo r  con cen tra t ion  o f  w aste  outfa lls  is  in the D enver  

M e trop o lita n  A r e a  (T ab le  10, F ig u re  10 and 11).  The re g io n  with 

the h ighest  total n u m ber  o f  outfa lls  is  C h e rr y  C r e e k  (T a b le  10).  

C h e rr y  C re e k  a lso  has 10 o f  the 60 m a jo r  ou tfa lls .  Thus, on the 

bas is  o f  exp ed ien cy  alone, the reconam ended  p r im a ry  station at 

the m outh o f  C h e rr y  C r e e k  should a lso  be reta ined  as an e f fe c t iv e  

station. F o r  C h e rr y  C reek , in form a tion  on w aste  types  w as not 

p rov id ed  by the South P latte  R iv e r  B asin  P r o je c t .  N e v e r th e le s s ,  

the la rg e  num ber o f  outfalls is  su ff ic ien t  to w arrant an e f fe c t ive  

station  at this lo ca t ion .
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The station at H enderson  w ill  be r e sp o n s ib le  fo r  d etect ing  

stream, standard v io la tion s  orig inatin g  f r o m  the entire  D enver  

M e trop o lita n  A re a .  A rgum ent fo r  the retention  o f  this station m ay-

be advanced  on the b a s is  o f  its  s tra teg ic  lo ca t ion  alone. H ow ever, 

by o b s e rv in g  T ab le  10, we see  that 264 outfa lls  em pty into the m ain  

stem  of the South P latte  betw een  L ittleton  and the N orth  D enver 

County line . E x p ed ien ce  dem ands that the H en d erson  station be 

reta ined . In addition, the types o f  w astes  o c c u r r in g  in this a rea  

a re  v e r y  s im ila r ,  being m ain ly  o rga n ic ,  BOD w astes  (T a b le  11). 

S im ila r ity  in w aste  type m akes  t ra c in g  a pollution event m o r e  

d if f icu lt  and a f f irm s  the need  fo r  the station at H enderson . F ig u re s  

10 and 11 supply m o r e  ev idence  supporting the c la s s i f i c a t io n  o f  the 

H end erson  lo ca t ion  as an e f fe c t iv e  p r im a ry  station.

Due to the la rg e  n um ber o f  w aste  outfa lls  betw een L ittleton  and 

N orth  D en ver  County line and the s im ila r ity  in w aste types , an 

additional p r im a r y  station on the m ain  s tem  o f  the South P latte  just 

u p s tre a m  f r o m  the junction  with C h e rr y  C r e e k  is re co m m e n d e d .  

S ince there  a re  152 outfa lls  betw een  L ittleton  to C h e rr y  C r e e k  and 

the w aste  types  a re  s im ila r  (BOD), the sam e argum ent applied  to 

the H en d erson  station can be em p loyed  f o r  the new  station. Thus, 

the new station is  a lso  an e f fe c t iv e  station.

R etention  o f  the station at the m outh o f  B ea r  C r e e k  fo l lo w s  a 

s im ila r  line o f  reason in g . Since the station u p s tre a m  f r o m  C h e rry



8 6

C r e e k  is  r e sp o n s ib le  f o r  15^ outfalls on the m ain  s te m  o f  the South 

P latte  (between L ittleton  to C h e rr y  C reek ),  the addition o f  29 outfa lls  

on B ear  C r e e k  w ould  s ign if icantly  in c r e a s e  the d iff icu lty  o f  t ra c in g  

a pollution  event. This is  e s p e c ia l ly  true i f  the w astes  entering 

B ea r  C r e e k  a re  s im ila r  to those  entering  the South P latte  betw een  

L ittleton  and C h e rr y  C reek . The South P latte  R iv e r  B asin  P r o je c t  

does  not supply w aste  type in fo rm a tion  f o r  B ea r  C re e k .  H ow ever, 

due to the la rg e  in c r e a s e  in res id en tia l  d eve lop m en t along B ear  

C r e e k  in recen t  yea rs ,  BOD w astes  are  l ik e ly  to be presen t .

The fo re g o in g  con s id era t ion s  a lso  apply to C le a r  C reek . T h ere  

are  34 outfa lls  on C le a r  C reek , 3 o f  w hich  a re  c o n s id e r e d  m a jo r .

A lso ,  the w astes  are m a in ly  BOD typ es . H ence, to red u ce  the 

burden  on the H enderson  station and to p rov id e  m o r e  e x p ed ien cy  in 

t ra ce a b il i ty ,  the station at the m outh of C le a r  C r e e k  w ill  be retained. 

H ow ev er ,  the station at W heatridge  on C le a r  C r e e k  dup licates  the 

e f fo r ts  o f  the station at the m outh and p rov id es  litt le  additional 

e f fe c t iv e n e s s  in tra c in g  a pollution event. F o r  th ese  re a so n s ,  it 

w ill  be e lim inated . T h ere  is  s o m e  e n fo r ce m e n t  advantage to having 

a station u p s tre a m  f r o m  a m a jo r  population ce n te r  to ind icate  the 

quality o f  w ater  entering  the city . This station can be used  as a 

b a s is  f o r  d eterm in in g  how badly the c ity  d egra d es  the w ater . H ow -

e ver ,  G olden is  not a m a jo r  population cen te r .  Thus, the ad v isab ility  

o f  the station on C lea r  C re e k  u p s tre a m  f r o m  G olden w ould  s e e m
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unsupportable . A lso ,  the types of w astes  entering  C le a r  C r e e k  

up s tr e a m  f r o m  G olden (TDS) a re  o f  a d ifferen t  nature than th ose  in 

and d o w n stre a m  f r o m  G olden (BOD). Thus, the station u p s tre a m  

f r o m  G olden w ill  not be reta ined .

The station at L ittleton  is ,  h ow ever , u p s tre a m  f r o m  a m a jo r  

population cen ter  (D enver) and w ill  be reta ined  even though the 

w aste s o u r c e s  above D enver  are  l ik e ly  to be few  and o f  a d ifferen t  

nature than those  o c c u r r in g  in D en ver .

B e s id e s  the D e n v e r -M e tr o  A re a ,  the re g io n  having the m o s t  

outfa lls  is B ou lder  C reek . The w aste  types in this dra inage  are  

h ighly  in var iab le ,  be ing  m o s t ly  o rgan ic ,  BOD w a ste s .  Thus, both 

e x p ed ien cy  and a c c u r a c y  dem and that the station on B ou lder  C re e k  

at the W e ld -B o u ld e r  Coxinty line be reta ined .

The w aste  types are  few  on the Saint Vrain , and the n um ber o f  

outfalls  is a lso  sm a ll .  Since there  a re  on ly  th ree  outfa lls  on the 

Saint Vrain , an e f fe c t iv e  p r im a r y  station is  not w arranted . Thus, 

the station d ow n strea m  f r o m  Lon gm ont w ill  be e lim inated .

The d e c is io n  on the B ig  T h om p son  station is  m o r e  d iff icu lt .  The 

n um ber o f  outfa lls  is r e la t iv e ly  sm a ll ,  but the w aste types are  

in var iab le ,  be ing  a lm ost  e n t ire ly  o rg a n ic ,  BOD w a ste s .  E x p ed ien cy  

d oes  not r e a l ly  dem and designation  as an e f fe c t iv e  station. H ow ever, 

a c c u r a c y  d oes  w arra n t  the designation  s in ce  the m a jo r i ty  o f  w astes  

entering  the South P latte  are o rg a n ic .  T o  d istingu ish  those  com in g
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f r o m  the B ig  T h om p son  m ay  be quite d iff icu lt .  Thus, the Big 

T h om p son  station lo ca ted  near  the m outh o f  the r iv e r  w il l  be 

reta ined  to im p ro v e  a c c u r a c y  in t ra ce a b il i ty .

Both a c c u r a c y  and exp ed ien cy  w arra n t  the retention  o f  the G re e le y  

station. A  substantial num ber o f  outfa lls  enter the C ache L a  P ou dre  

R iv e r  and the w astes  a re  c le a r ly  in v a r ia b le .  Again, w astes  are  

m a in ly  the orgeinic BOD type.

The d is c u s s io n  perta in ing to the K e r s e y  station is  unique. The 

K e r s e y  station, like the H en d erson  station, is lo ca te d  v e ry  

s tra te g ica l ly .  In t e r m s  o f  d istan ce , the m ile a g e  betw een  H enderson  

and K e r s e y  is la rge  and few  p r im a ry  stations are  lo ca te d  on the m ain  

s tem  of the South P latte . H ence, the station at K e r s e y  is  c r i t i c a l  

s in ce  it is re sp o n s ib le  fo r  d etect ing  s tr e a m  standard v io la tion s  in 

the South Platte , w hich m ay  or ig ina te  f r o m  a num ber o f  tr ib u ta r ies  

and o v e r  m any r iv e r  m i le s .  A lso , BOD and DO va r ia b il ity  and m ean  

values indicate  that s tre a m  standard v io la tion s  f o r  these  two 

p a ra m e te rs  a re  l ike ly  to o c c u r  at this lo ca t ion .  Thus, the K e rs e y  

station m a y  be designated  as an e f fe c t iv e  station by v irtue  o f  its 

s tra te g ic  lo ca t io n .  In addition, the K e r s e y  station can be analyzed 

on the bas is  o f  t ra ce a b il i ty .  Table  11 ind ica tes  that the m a jo r i ty  of 

w astes  in the H en d erson  to G re e le y  re g io n  are  o rg a n ic .  H ow ever, 

the South P latte  R iv e r  Basin  P r o je c t  did not include ir r ig a t io n  return  

f low  as a w aste  s o u r c e .  TDS va lues  f r o m  D en ver  to Ju lesbu rg
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appear g re a te r  than state standards (584 at H en d erson  to 1438 at 

Julesburg) and show  high va r ia b i l i ty  (W ard, 1971). S tream  standard 

v io la tion s  can not be c o n f irm e d  until f low  m e a su re m e n ts  a re  m ade 

in a ccom p a n im en t  with TDS m e a s u r e m e n ts .  M ost  l ik e ly , ir r ig a t io n  

return  f low  is  r e sp o n s ib le  f o r  the high TDS values o b s e r v e d .  As 

m entioned , fo r  the C o lo ra d o  R iv e r  Basin, the s o u r ce s  o f  in c r e a s e d  

sa lin ity  are  apt to be many, varia b le ,  and d is p e r s e d .  Th is  is 

equivalent to saying that the n um ber o f  w aste  outfa lls  is la r g e .

Thus, exp ed ien cy  w arran ts  having a station at K e rs e y .  A c c u r a c y  

a lso  dem ands retention  o f  the K e r s e y  station s in ce  the w aste  

constitutents  f r o m  ir r ig a t io n  return  f low  are  apt to be v e r y  s im ila r .

The Ju lesbu rg  station is  reta ined  fo r  the sam e rea son . Although 

T ab le  10 shows only 11 w aste  outfa lls  betw een F o r t  M organ  and 

Ju lesburg , if the ir r ig a t io n  return  flow s had been co n s id e re d ,  the 

nu m ber  would lik e ly  be m u ch  la r g e r .  This  is  evident f r o m  the fact  

that TDS va lues  in c r e a s e  about 400 ppm  f r o m  K e r s e y  to Ju lesbu rg  

(W ard, 1971). Thus, a c c u r a c y  and exp ed ien cy  w arrant designating 

the Ju lesburg  station as an e f fe c t iv e  station. In addition, continuous 

m o n ito r in g  at Ju lesbury  p ro v id e s  p ro te c t io n  against d ow n strea m  

states c la im in g  that v io la tion s  in th e ir  state or ig in a ted  in C o lo ra d o .

The s e le c t io n  of e f fe c t iv e  p r im a ry  stations in now  co m p le te .  

F ig u re  13 shows the lo ca t io n  of these  stations in C o lo ra d o .  This
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Figure 13. Colorado effective primary stations.



is the n etw ork  w hich  w ill  y ie ld  the b est  p o s s ib le  abatem ent 

e f fe c t iv e n e s s  with the le a s t  amount o f  stations.
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Ranking of E f fe c t iv e  Stations

The stations appearing in F ig u re  13 w il l  now  be ranked in o r d e r  

to generate  the e f fe c t iv e n e s s  vs num ber o f  stations re la t ion sh ip  fo r  

C o lo ra d o .  As m entioned  under the D es ig n  P r o c e d u r e  sect ion , 

this ranking is  based  on four c r i te r ia ;

1. T ra ce a b il i ty ;

2. P o llu tion  potential;

3. V a r ia b i l i ty  in s tr e a m  c h a r a c t e r is t i c s ;  and

4. M ean values o f  s t r e a m  c h a r a c t e r is t i c s .

In p e r fo r m in g  the ranking, m o r e  weight w il l  be given to the 

fa c to r s  o f  t ra ce a b il i ty  and pollution potential s in ce  abatem ent 

e f fe c t iv e n e s s  is  p r im a r i ly  re la ted  to these c r i t e r ia .  V a r ia b i l i ty  

cind m ean  values of s tre a m  c h a r a c te r is t ic s  w ill  be em p loyed  when 

in form a tion  on t ra ce a b i l i ty  and pollution  potential do not ex is t  and 

in b o rd e r l in e  s ituations.

S ince m o r e  in fo rm a tion  is  ava ilab le  on the South P latte  R iv e r  

Basin, the d is c u s s io n  on station ranking w il l  beg in  h e re .  T a b les  

12 -17  show how South P latte  stations are  ranked a cc o r d in g  to each  

o f  the four  c r i t e r ia  m entioned  above. T ab le  18 g ives  the o v e r a l l  

o r  cum ulative  ranking of all stations in the state. The o r d e r  of 

appearance  o f  stations in the tables  is  the station ranking. Thus,
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T A B L E  12. South P latte  stations ranked on the bas is  o f  exp ed ien cy .

Station
N um ber 

o f  O utfalls

C h e rry  C re e k 197

S. Platte u p s tre a m  f r o m  C h e rr y  C r e e k 152

H enderson 112

B ou lder  C re e k 58

C le a r  C r e e k 34

B ea r  C re e k 29

G re e le y 28

B ig  T h om p son 13

Ju lesburg 11

K e r s e y  and L ittleton Not M ea su red
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T A B L E  13. South P latte stations ranked on the bas is  o f  a c c u r a c y .

Station

S im ila r ity  o f  W aste T ypes
P r o p o r t io n  

o f  W aste Type P e rce n ta g e

H enderson DO . . . . . 8 0 /115 6 9 .6
Cond . . . . . 13 /115 1 1 .3

T e m p  . . . . . 16 /115 13. 9
pH . . . . . 6 /115 5. 2

T u rb  . . . . . 8 0 /115 69*6

S Platte u p stream DO . . . . . 4 3 /8 2 5 2 .4
f r o m  C h e rr y  C re e k Cond . . . . . 17 /82 20. 7

T e m p  . . . . . 13 /82 15. 8
pH . . . . . 9 /8 2 1 1 .0

T u rb  . . . . . 4 3 /8 2 5 2 .4

C le a r  C r e e k DO . . . . . 2 2 /3 4 64. 7
Cond . • . . . 5 /3 4 14. 7

T em p . . . . . 5 /3 4 14. 7
pH . . . . . 2 /3 4 5 .9

T u rb  . . . . . 2 2 /3 4 64. 7

G re e le y DO . . . . . 2 2 /2 7 8 1 .5
Cond • . . . . 2 /2 7 7 .4

T em p . . . . . 2 /2 7 7 .4
pH . . . . . 1 /2 7 3. 7

T u rb  . . . . . 2 2 /2 7 8 1 .5



T A B L E  13. Continued
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Station

S im ila r ity  o f  W aste  T ypes
P r o p o r t io n  

o f  W aste T yp es P e rce n ta g e

Big T h om p son

B ou ld er  C re e k

DO . . . . . 12 /15 80. 0
Cond • . . . . 2 /15 13. 3

T e m p  . . . . . 0 /1 5 0. 0
pH . . . . . 1 /15 6. 7

T u rb  • • . . . 12 /15 80. 0

DO . . . . . 8 /11 72. 7
Cond . . . . . 2/11 18. 2

T em p  . . . . . 1/11 9. 1
pH . . . . . 0 /11 0 .0

T u rb  . . . . . 8 /11 72. 7

Ju lesburg , C h e rr y  C re e k  
K e rse y ,  B ea r  C r e e k  and 
L ittleton

No In form ation  A va ilab le
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T A B L E  14. South P latte stations ranked on the b a s is  o f  pollution  
potential - m a jo r  w aste  outfa lls .

Station
N um ber o f  

M a jo r  Outfalls

H enderson 25

S. P latte u p strea m  f r o m  C h e rr y  C r e e k 22

C h e rr y  C re e k 10

G re e le y 7

B ou lder 4

C le a r  C r e e k 3

Littleton , B ig  T h om p son None

Julesburg , K e rs e y None

B e a r  C re e k None
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T A B L E  15. South Platte stations ranked on the basis  o f  pollution 
potential - industr ies  l ik e ly  to -pollute .

Station N um ber o f  In du str ies

H enderson 19

S. P latte  u p s tre a m  f r o m  C h e rry  
C re e k 9

C le a r  C r e e k 7

C h e rr y  C reek , K e rs e y  
B ig  T h om p son  and G re e le y 2

B ea r  C reek , Ju lesburg , 
and L ittleton 1

B ou lder  C re e k 0
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T A B L E  16. E f fe c t iv e  stations ranked on the bas is  o f  v a r ia b i l i ty  in 
s tre a m  c h a r a c t e r is t i c s .

Stations P a ra m e te r
Standard

D eviation
P a ra m e te r

Ranking

B ig  T h om p son BOD 21 .18 3
DO 2 .4 3 3

TDS 4 5 1 .1 8 3
pH .46 9

18

U ncom pahgre BOD 0 .9 7 12
R iv e r DO 2. 02 9

TDS 4 9 6 .8 7 2
pH 0. 54 3

26

L o m a BOD 2. 1 10
DO 2 .4 4

TDS 269 8
pH 0. 5 6

28

B ou lder  C re e k BOD 2. 79 8
DO 2 .3 0 5

TDS 180 .39 13
pH 0 .5 3 4

30

H olly BOD 0 .8 13
DO 1.9 11

TDS 640 1
pH 0. 5 6

31
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T A B L E  16. Continued

Stations P a ra m e te r
Standard
D eviation

P a ra m e te r
Ranking

D o ts e r o BOD 2. 1 10
DO 2. 3 5

TDS 57 17
pH 0. 6 1

33

Fountain C r e e k BOD 22. 23 2
DO 1 .88 11

TDS 304.01 5
pH 0 .3 9 16

34

G re e le y BOD 2 2 .38 1
DO 1 .7 3 14

TDS 1 92 .24 12
pH 0 .4 7 8

35

K e rs e y BOD 4 .9 5
DO 1 .8 13

TDS 290 6
pH 0 .4 12

36

R oa r in g  F o r k BOD .59 16
DO 2 .4 8 2

TDS 9 5 .4 2 16
pH 0. 58 2

36
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T A B L E  16. Continued

Stations P a ra m e te r
Stcindard
Deviation

P a ra m e te r
Ranking

C le a r  C r e e k

E agle  R iv e r

Ju lesburg

H enderson

Gunnison R iv e r

BOD 3 .89 6
DO 2. 05 8

TDS 179 .46 14
pH 0 .4 5 10

38

BOD . 56 17
DO 2 .2 5 7

TDS 2 0 9 .1 4 11
pH 0. 53 4

39

BOD 3 .4 7
DO 1 .7 15

TDS 282 7
pH 0 .4 12

41

BOD 9 .4 4
DO 1 .6 17

TDS 221 9
pH 0 .4 12

42

BOD .43 18
DO 1.91 10

TDS 322 .15 4
pH 0 .4 5 10

42
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T A B L E  16. Continued

Station P a ra m e te r
Standard
D eviation

P a ra m e te r
Ranking

Nepe sta BOD 2 .4 9
DO 1 .7 15

TDS 220 10
pH 0 .4 12

46

B ea r  C re e k BOD 0 .6 5 15
DO 3. 04 1

TDS 119 .27 15
pH 0 .3 2 17

48

L ittleton BOD 0. 7 14
DO 0 .3 18

TDS 54 18
pH 0. 2 18

68
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T A B L E  17- E ffe c t iv e  stations ranked on the bas is  o f  m ean  va lues  
o f  s tre a m  c h a r a c te r is t ic s .

Station P a ra m e te r M ean
P a ra m e te r

Ranking

B ig  T h om p son BOD 17.21 3
DO 6 .3 8 4

TDS 1673 .89 2
pH 8 .0 0 9

FL O W 7 1 .9 3
21

G re e le y BOD 26.99 2
DO 6 .2 2 3

TDS 1421 5
pH 7 .9 3 12

FLO W 9 6 .0 6
28

Fountain C r e e k BOD 2 9 .10 1
DO 5.21 2

TDS 4 9 1 .8 9 12
pH 7. 85 15

FL O W 1 1 .8 1
31

K e r s e y BOD 9 .6 6
DO 6 .6 6

TDS 1045 6
pH 7 .9 13

FL O W 130 7
38

H olly BOD 2 .0 14
DO 7 .5 9

TDS 3700 1
pH 8 .0 9

FL O W 233 9
42



102

T A B L E  17. Continued

Station P a ra m e te r M ean
P a r a m e te r

Ranking

H enderson

B ou lder  C re e k

Ju lesburg

C le a r  C r e e k

U ncom pahgre
R iv e r

BOD 13 .8 4
DO 5 .2 1

TDS 584 10
pH 7 .7 17

FL O W 328 11
43

BOD 7. 38 7
DO 7.91 15

TDS 358 .07 15
pH 8 .2 3 2

FL O W 90. 6 4
43

BOD 4 .2 9
DO 7. 7 13

TDS 1438 4
pH 8.1 6

FL O W 458 12
44

BOD 9 .9 3 5
DO 7 .6 0 11

TDS 4 1 2 .8 3 13
pH 7 .9 9 11

FL O W 9 0 .9 5
45

BOD 1 .9 7 15
DO 7 .7 8 14

TDS 1451 .86 3
pH 8 .2 0 4

FLO W 274 10
46
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T A B L E  17 Continued

Station P a ra m e te r M ean
P a ra m e te r

Ranking

Lonaa BOD 3 .4 10
DO 7 .3 8

TDS 773 7
pH 8.1 6

FL O W 5, 692 18
49

N epesta BOD 6.1 8
DO 6 .4 5

TDS 650 9
pH 7 .9 13

FL O W 683 14
49

D o ts e r o BOD 2.1 13
DO 7 .2 7

TDS 261 16
pH 8. 2 4

FLO W 2, 082 16
56

B ea r  C re e k BOD 2. 15 12
DO 7. 52 10

TDS 2 0 3 .6 7 18
pH 7 .8 2 16

FL O W 34. 9 2
58

Gunnison R iv e r BOD 1 .36 17
DO 7 .9 5 16

TDS 721.41 8
pH 8 .2 8 1

FL O W 2, 558 17
59
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T A B L E  17. Continued

Station P a ra m e te r M ean
P a ra m e te r

Ranking

E agle  R iv e r BOD 1.31 18
DO 7 .6 0 11

TDS 501 .26 11
pH 8. 09 8

FL O W 561 13
61

R oa rin g  F o r k BOD 1 .3 9 16
DO 8 .0 2 17

TDS 366.71 14
pH 8 .2 3 2

FL O W 1, 367 15
64

L ittleton BOD 2. 2 11
DO 9 .2 18

TDS 218 17
pH 7 .7 17

FL O W 217 8
71
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T A B L E  18. O vera l l ranking of e f fe c t iv e  stations.

Ranking Station

High im p o rta n ce : H enderson , South P latte  u p strea m  
f r o m  C h e rr y  C reek , C h e rry  
C reek , Fountain C r e e k  and N epesta .

M ed iu m  im p orta n ce : G re e le y ,  C lear  C reek , B ou lder  
C reek , K e rs e y ,  B ig  Th om pson , 
B ea r  C reek , H olly, L o m a  and 
U ncom pahgre  R iv e r .

L ow  im p orta n ce : Ju lesburg , D o tse ro ,  Gunnison 
R iv e r ,  E agle  R iv e r ,  R oa r in g  
F o r k  and L ittleton .
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fo r  T a b le  12 the C h e rr y  C r e e k  station has the h ighest ranking and 

Ju lesbu rg  the low est .  Stations fo r  w hich in form a tion  is  not availab le  

a re  indicated , but a re  not included  in the ranking (e. g. L ittleton  

and K e r s e y  in Table  12). T a b les  12 -15  w e r e  d eve lop ed  f r o m  

in form a tion  conta ined  in T ab les  10 and 11 and F ig u re s  10, 11 and 

12. T ra c e a b i l i ty  has been d iv ided  into its com pon en ts :  exp ed ien cy  

and a ccu ra cy ,  with stations ranked a c c o r d in g  to each  o f  these fa c to r s .  

T a b le  12 is  s im p ly  a ranking o f  stations on the bas is  o f  the num ber of 

outfa lls  entering the South P latte  betw een  co n se cu t iv e  stations.

In con stru ct in g  T able  13, the w aste  types l is ted  in T ab le  11 w ere  

tran s la ted  into those  capable  o f  detect ion  by autom atic  m o n ito r s .

Thus, sew age, o i ls ,  packing plant, feed lo t  d etergen ts  and garbage  

a re  grouped  toge th er  s in ce  d is c h a rg e s  o f  these  o rga n ic  w astes  m ay  

ca u se  a reduction  in d is s o lv e d  oxygen  and m a y  be detecta b le  by a 

DO s e n s o r .  S im ila r ly ,  TDS and heavy m e ta ls  are  grouped  together  

s ince  they m a y  be d e tected  by a conductiv ity  s e n s o r .  A c id  w astes  

o f  c o u r s e  w ill  be ind icated  by the pH se n so r  and th erm al d is ch a rg e s  

by the tem p era tu re  p robe .  W aste s o u r c e s  contr ibuting  to turbid ity  

(suspended  m atter) are  in gen era l the sam e as th ose  causing  DO 

red u ction s ,  so the p ro p o r t io n s  ind icated  fo r  turbid ity  and DO are 

the sam e. The p ro p o r t io n s  ind icated  in T able  13 w e re  d eve lop ed  

by sum m ing the num ber o f  w aste  s o u r c e s  betw een  co n se cu t iv e  

e f fe c t iv e  stations. H ence, f o r  the H enderson  station the total
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num ber of w aste s o u rce s  fo r  all w aste  types is  equal to the sum  of 

all the n u m bers  in T ab le  11 c o r re s p o n d in g  to the row s  labe led  

C h e rry  C r e e k  to N. D enver  Co. L ine , N. D en ver  to H enderson , 

and Sand C reek . T h ese  a re  all the w aste  s o u r ce s  betw een  the 

station on the South Platte u p s tre a m  f r o m  C h e rr y  C re e k  and the 

H en d erson  station. This value is  115. Sum m ing o v e r  th ese  sam e 

row s , but only f o r  th ose  co lu m n s  re p re se n t in g  o rgan ic ,  BOD 

w astes ,  y ie lds  a f igu re  o f  80. Thus, the p ro p o r t io n  o f  w astes  

d etecta b le  by DO m e a su re m e n t  at H en d erson  is  8 0 /1 1 5  o r  70%.

The m o s t  im portant fa c to r  in ranking stations fo r  T ab le  13 is 

the num ber o f  w aste  s o u r ce s  a sso c ia te d  with any p art icu lar  w aste  

type. H igher rankings are  given to stations e x p e r ie n c in g  la r g e r  

n u m bers  o f  w aste  s o u r c e s  fo r  each  w aste  type. Thus, H en d erson  

r e c e iv e d  the h ighest ranking becau se  of the la rg e  num ber o f  DO 

d etecta b le  w aste  s o u r ce s  (80). S im ilar ly ,  the South P latte  station 

u p s tr e a m  f r o m  C h e rry  C re e k  is  ranked above the C lea r  C re e k  

station b e ca u s e  o f  the la r g e r  num ber of DO, Cond, T em p , pH and 

T u rb  detecta b le  w aste  s o u r c e s .  Stations a re  ranked in this m anner 

s in ce  t ra ce a b i l i ty  d e c r e a s e s  as the num ber o f  w aste  s o u r c e s  fo r  

any p art icu lar  w aste  type in c r e a s e s .  If a DO vio la tion  is  ind icated  

at the H en d erson  station, eighty w aste  s o u r c e s  m ay  have to be 

sam pled  in o r d e r  to lo ca te  the v io la to r .  The task  is  m uch  e a s ie r  

at the B ou lder  station, s ince  only eight w aste  s o u r c e s  need  be 

sam pled .
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By counting the num ber o f  m a jo r  w aste outfa lls  o c c u r r in g  

betw een stations (F ig u re s  10 and 11) Table 14 can be con stru cte d .  

T a b le  15 is based  on data p resen ted  in F ig u re  12. T o g e th e r  T ables  

14 and 15 re p re s e n t  the ranking of South P latte  stations on the bas is  

o f  pollution potential.

A ll  e f fe c t iv e  p r im a ry  stations in the state are included  in 

T a b le s  16 and 17. In form ation  to co n s tru ct  these  tab les  was 

ex tra c ted  f r o m  W ard  (1971). The w ater quality at each  station is 

c h a r a c te r iz e d  by the m ean  va lues  o f  five  w ater quality p a ra m eters  

(BOD, DO, TDS, pH and Flow ) and standard deviations  o f  four w ater 

quality p a ra m e te rs  (BOD, DO, TDS and pH). M ean values 

and standard deviations  are  ca lcu la ted  f r o m  data c o l le c te d  at 

m onth ly  in terva ls  o v e r  a p er iod  of yea rs ,  1968-1971 . L a rg e  

standard deviations  m ean that the w ater  quality of that lo ca t io n  is 

unstable and s tre a m  standard v io la tion s  are  m o r e  l ik e ly .  High 

m ean  values fo r  BOD and TDS indicate a re a s  o f  high pollution. L ow  

w alues  fo r  DO, and pH values deviating g rea t ly  f r o m  7 .0 ,  a lso  

indicate  polluted a re a s .  P a ra m e te r s  d isp lay ing  such values are  

given high rankings ( lo w e r  n u m b ers ) .  B e ca u se  there  are  eighteen 

e f fe c t iv e  stations fo r  w hich  in fo rm a tion  is  available , p a ra m e te rs  

are  ranked f ro m  1 to 18. Stations accum ulating  a high ranking 

( lo w  n u m e r ica l  sum  of all four p a ra m e te rs )  have h igher  im p orta n ce  

then stations show ing la rg e  n u m e r ica l  totals  This is  so, becau se



stations with low  totals o f  p a ra m eter  rankings are  lo ca te d  at p la ces  

w h ere  s tr e a m  quality is  lo w e r  a n d /o r  fluctuates m o r e  rap id ly . Such 

lo ca t io n s  re p re s e n t  a rea s  of high pollution, w hich  should be sam pled  

frequently . On this ba s is ,  they are  d e te rm in e d  to be o f  g rea ter  

im p o rta n ce  than area s  of h igher and m o r e  con s is ten t  w ater  quality.
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A ss ig n in g  E ffe c t iv e  Stations to an Im p orta n ce  C a tegory

A  cum ulative  ranking of e f fe c t iv e  stations is  given in T ab le  

18 w hich  is d e r iv e d  f r o m  T a b les  12-17. High im p o rta n ce  rankings 

a re  given  to H enderson , South P latte  u p s tre a m  f r o m  C h e rry  C re e k  

and C h e rr y  C r e e k  b e ca u se  o f  their  high rankings in T a b les  12 -1 5 .  

Fountain C r e e k  and N epesta  are  included  b e ca u se  o f  their  s tra teg ic  

lo ca t io n .  In form ation  on w aste  s o u r ce s  is  not availab le  fo r  the 

C o lo ra d o  S p r in g s -P u e b lo  re g io n .  Yet, a c co rd in g  to the 1970 

C ensus, this is  the fa s te s t  grow ing  a re a  in C o lo ra d o  with C o lo ra d o  

Springs now being the secon d  la r g e s t  c ity  in the state. The 

accum ulation  o f  peop le  aind industry  in this a re a  w ill  continue to 

in c r e a s e  the pollution  load  on Fountain C r e e k  and the A rk an sas  

R iv e r  d o w n stre a m  f r o m  P u eb lo . On the bas is  of this high pollution 

potential, the l ik e lih ood  o f  n u m erou s  w aste s o u r ce s  o f  s im ila r  type 

and the p resen t  e v id en ce  o f  po llution  p o r b le m s  d ow n strea m  f r o m  

both c it ie s  (W ard, 1971); the stations at Fountain C r e e k  and N epesta  

w e re  se le c te d  as high im p o rta n ce  lo ca t io n s .
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G ree ley ,  C lea r  C reek , and B ou lder  C r e e k  stations r e c e iv e d  

fa i r ly  high rankings in all the tab les , but usually  appear be low  

H enderson , South P latte  u p s tre a m  f r o m  C h e rr y  C r e e k  and C h e rr y  

C re e k .  Thus, th ese  three  stations a re  p la ced  in the next im p orta n ce  

c a te g o r y .  K e r s e y  is  inc luded  in this c a te g o r y  b eca u se  o f  its ranking 

in T a b les  15, 16 cuid 17. A lso , as ind icated  in the se le c t io n  of 

e f fe c t iv e  stations, the K e r s e y  station o c c u p ie s  a s tra teg ic  posit ion  

being  the only station on the main s te m  o f  the South Platte betw een  

H en d erson  and Ju lesburg  B ea r  C r e e k  has been  p laced  in the 

m e d iu m  im p o rta n ce  c a te g o ry  b eca u se  o f  its ranking in T ab le  11 and 

b e ca u se  o f  rapid res id en tia l  and c o m m e r c ia l  d eve lop m en t in the 

B ea r  C r e e k  a re a .  The B ig  T h om p son  station has few  w aste  s o u r ce s  

and is  ranked re la t iv e ly  lo w  in T a b les  12 and 14. H ow ever , the 

w aste  s o u r ce s  p resen t  m ust be fa ir ly  s ign ificant s in ce  the w ater at 

the B ig  T h om p son  station is the m o s t  va r ia b le  and the lo w e st  quality 

o f  any in the state (T a b le s  16 and 17). The re la t iv e ly  high ranking 

o f  the B ig  T h om p son  station in T ab le  15 p rov id es  som e  insight into 

the ca u se  o f  this low  w ater  quality. F o r  this reason , the Big 

T h om p son  station is  included  in the m e d iu m  im p o rta n ce  ca te g o ry .

H olly, L o m a  and the U n com p ahgre  R iv e r  stations are  b o r d e r -

line stations betw een  the m ed iu m  and low  im p o rta n ce  c a t e g o r ie s .  

T h ey  are  included  in the m ed iu m  im p o rta n ce  c a te g o r y  b e ca u se  of 

the ir  high ranking in T ab le  16 a n d /o r  17. T h e ir  high ranking in one



111

or  both o f  these  tab les  ind icates  that they a re  situated at a lo ca t ion  

w h ere  s tre a m  standard v io la tion s  are  v e ry  l ik e ly .  Such c r i t i c a l  

points are  ind icative  o f  n u m erou s  a n d /o r  m a jo r  w aste  s o u r ce s  

en ter ing  u p s tre a m  f r o m  the station. H ence, g re a te r  abatem ent 

e f fe c t iv e n e s s  w ill  be a ch ieved  i f  such  points a re  continuously  m o n -

ito red .

The re m a in d e r  of the e f fe c t iv e  stations w e re  ass ign ed  to the 

low  im p o rta n ce  c a te g o r y  (T ab le  18). The ass ign m en t was d iff icu lt  

s ince  (with the exce p t io n  o f  L ittleton  and Julesburg) s p e c i f ic  

in fo rm a tion  on w aste  s o u r c e s  d oes  not ex is t .  C on sid er in g  this la ck  

o f  in form ation , the p r im a ry  rea son  f o r  assign ing  stations to the 

low  im p o rta n ce  c a te g o r y  is  that none of them  are lo ca te d  in populated 

a r e a s .  Thus, the num ber o f  waste s o u r c e s  and pollution  potential 

f r o m  o rga n ic  w astes  o f  m un ic ipa l o r ig in  should be sm a ll .  A lso ,  

stations p laced  in the low  im p ortan ce  c a te g o ry  only r e c e iv e d  low  

o r  m e d iu m  rankings in T a b les  16 and 17. Thus, c o m p a re d  to 

other e f fe c t iv e  stations, they are  lo ca te d  in a reas  o f  l e s s  c r i t i c a l  

pollution . Having in fo rm a tion  on w aste  s o u r ce s ,  the ass ignm ent of 

the L itt le ton  and Ju lesburg  stations to the low  im p orta n ce  ca tegory ,  

is  obv iou s .  In T a b les  12 -16 , both stations are  ranked low . Only 

in Table  17 does  Ju lesburg  rank in the top half of the stations.
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C alcu lation  o f  N u m e r ica l  Importeince Values

With e f fe c t iv e  stations c a te g o r ize d ,  the ca lcu la t ion  o f  n u m e r ica l

im p o rta n ce  va lues  can now be p e r fo r m e d  (T ab le  19)- The initial

value V is ch osen  a r b it r a r i ly .  It d oes  not m atter  what value is

p icked  s in ce  a change in V w ill  cause  a com pen satin g  change in a.

V  VThe sam e values fo r  Z ' ,  W ,  X ' ,  Y ',  V ',  — a n d — w ill be obtained.
w ^

V  is  the n u m e r ica l  im p orta n ce  value of each  high im p orta n ce

station. M ed ium  im p o rta n ce  stations have a n u m e r ica l  im p orta n ce

V  Vvalue o f  — and low  im p ortan ce  stations o f  — .

To obtain the graph shown in F ig u re  14, in cre m e n ts  o f  aba te -

m ent e f fe c t iv e n e s s  (p ercen ta g es )  are  sum m ed  fo r  each  station 

added to the m o n itor in g  netw ork . Thus, high im p orta n ce  stations 

being added f irs t ,  the f i r s t  five  points on the graph are  m u ltip les  

o f  V  (i. e. , 9*09 , 1 8 .18 ,  2 7 .2 7 ,  3 6 .3 6 ,  and 4 5 .4 5 ) .  F o r  the next 

nine points, in cre m e n ts  o f  4 . 54 are added. The la st  s ix  points 

r e f le c t  added in cre m e n ts  o f  2 .2 7 .  F ig u re  14 is  the abatem ent 

e f fe c t iv e n e s s  against num ber o f  stations re la t ion sh ip  w hich  has been 

the o b je c t iv e  o f  this chapter. With this re la t ion sh ip  es tab lish ed  

a re la tionsh ip  betw een c o s t  and num ber o f  stations can now be 

deve lop ed .
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T A B L E  1 9 . C a lcu lation  o f  n u m e r ica l  im p orta n ce  va lues fo r  
e f fe c t iv e  stations.

A s s ig n  an in itia l value o f  50 to V

1. High im p ortan ce (50) (5) = 250 = W

2 M ed iu m  im p orta n ce (25) (9) = 225 = X

, 75 = Y
3. L ow  im p ortan ce (1 2 .5 )  (6) -  35Q Q   ̂ 2

Z 550 ,  ,
a = 100

W
W  = —  = 4 5 .4 5  a

X
X ' = — = 40. 91 a

Y' = — = 1 3. 64 a

V  = 9 -09

V-  = 4 . 5 4

V— = 2 . 2 7  4
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C H A P T E R  V

COST OF MONITORING N ETW O RK

D eve lop m en t o f  Tota l C ost  F ig u re s

Total c o s t  f igu res  fo r  the f i r s t  yea r  of op eration  o f  variou s  

s ize d  autom atic  m on ito r in g  netw orks are  l is te d  in T able  20. The 

total c o s ts  l is ted  include purchase  p r ice ,  installation , and op eration  

fo r  one year . T a b les  21 -23  re v e a l  how  these totals  w e re  obtained.

An av era ge  c o s t  of $8, 000 f o r  the purchase  p r ice  o f  a f ive  to six 

p a ra m eter  m on itor  was s e le c te d  on the b a s is  o f  in fo rm a tion  presen ted  

in T able  6. Schneider Instrum ent C om pany has ind icated  that a 

cen tra l r e c e iv in g  station c o s t s  $ 1 0 ,0 0 0 .  Th is  com pany  a lso  l is ts  

a p r ice  of $ 1 ,8 0 0  fo r  a t e le m e te r  tra n sm itte r .  F r o m  T ab le  7, 

the a v era g e  p r ic e  fo r  a su b m e rs ib le  pump is $300; a sam ple  taker, 

$700; and autom atic  cleaining by w ater je ts ,  $1, 000. T h ese  c o m -

ponents plus the m o n ito r  and centra l r e c e iv in g  station constitute 

the initial cap ital outlay fo r  purchasing  a m o n itor in g  system .

An av era ge  c o s t  o f  $2, 300 fo r  installation  is given in T ab le  7.

The $400 fo r  parts and supplies  is  d e r iv e d  f r o m  O RSAN C O 's 

breakdow n of op eration  and m aintenance c o s t s .  O perating  with a 

s e r v ic e  schedule o f  once  e v e r y  two w eeks , ORSANCO e x p e r ie n ce d  

op era t ion  and m aintenance c o s ts  o f  $ 1 ,2 5 0 .  00 / s ta t io n /y e a r .
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T A B L E  20. Tota l C os ts  fo r  the f i r s t  year o f  op era t ion  o f  an 
autom atic  m on itor in g  netw ork .

Size o f  N etw ork  
(# o f  Stations)

C ost  ($)

W /O  C om puter 
P r o c e s s in g

W / C om puter  
P r o c e s s in g

1 $ 33 ,910 $ 162 .610
2 5 4 ,820 172, 120
3 7 1 ,560 200 ,26 0
4 8 6 ,4 8 0 215 ,18 0
5 101 ,400 230 ,10 0
6 124, 720 253, 420
7 139 ,640 268 ,34 0
8 154, 740 283, 440
9 177, 880 306 ,580

10 192 ,80 0 321 ,500
11 2 16 ,12 0 344 ,820
12 2 31 ,07 0 359 ,770
13 255, 960 384 ,660
14 269 ,28 0 397 ,980
15 2 84 ,20 0 412, 900
16 298, 360 4 2 7 ,0 6 0
17 322 ,44 0 4 5 1 ,1 4 0
18 337, 320 4 6 6 ,0 2 0
19 360 ,680 4 8 9 ,3 8 0
20 375 ,60 0 504 ,30 0
21 390, 520 519 ,220
22 413, 840 542 ,54 0
23 4 2 8 ,6 6 5 557 ,365
24 443, 680 572 ,38 0
25 4 6 7 ,0 0 0 595 ,700
26 4 9 0 ,5 2 0 6 19 ,22 0
27 514, 740 6 43 ,44 0
28 529 ,66 0 6 58 ,36 0
29 544 ,58 0 673, 280
30 569 ,10 0 6 97 ,80 0
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T A B L E  21 . E x am p le  o f  total c o s t s  ca lcu lat ion  fo r  1 station network
(5 -6  p a r a m e te r s ) .

Item  P u rch a se d N um ber
C o s t /
Item T otal

0)u

0̂
0)to
nJ
.£1o

03
o
U
ouCn)Co

T3
Clni
dO
niCl<u
Cl ,
O

M on itor  ( flow  ch am ber  
and an a lyzer  m odu les)

C entra l R e ce iv in g  Station 
(data lo g g e r -  8 channel punch 
paper tape eind te le m e te r  
r e c e iv e r )

T e le m e te r  T ra n sm it te r

S u b m e rs ib le  Pum p

Sam ple T aker

A u tom atic  c lean ing  
(w ater  Jets)

S e rv ice  P u rch a se d

Installation

P a rts  and Supplies

C om m u n icat ion s  Link

E le c t r i c i ty

M aintenance and C a libration

T ota l C osts  F i r s t  Y ear  o f  
O peration

$ 8 , 000 $ 8 , 000

10 , 000

1

1

1, 800

300

700

1,000

530

480

10 , 000

1 ,800

300

700

1 , 000
$ 21,800

C o s t /  Station/ Y ea r  Tota l 

$ 2 ,3 0 0  $ 2, 300

400 400

530 

480 

8, 400
$12, no

$33, 910
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T A B L E  22. E x am p le  o f  total c o s t  ca lcu lat ion  for  5 station netw ork
(5 -6  p a r a m e t e r s ) .

iln
O
CO
cd
o

Pm

CDo
U
cu
o

ccJ

cl

<ua.
O

Item  P u rch a se d
C o s t /

N um ber Item Total

M on itor  ( f lo w -c h a m b e r  
and an a lyzer  m od u les

5 $ 8, 000 $40, 000

C entra l R e c e iv in g  Station 
(data l o g g e r - 8 chcuinel punch 
paper tape and t e le m e te r  
r e c e iv e r )

1 10, 000 10, 000

T e le m e te r  T ra n sm it te r 5 1, 800 9, 000

S u b m e rs ib le  Pum ps 5 300 1, 500

Sam ple T a k ers 5 700 3, 500

A utom atic  C leaning 5 1, 000 5, 000 
$ 6 9 ,0 0 0

5% quantity d iscou n t  - - 2 ,950  
$ 6 6 ,0 5 0

S e rv ice  P u rch a se d C o s t /  S ta t io n /Y e a r Tota l

Installation $ 2, 300 $ 1 1 ,5 0 0

P a rts  and Supplies 400 2, 000

C om m u n icat ion s  Link 530 2, 650

E le c t r i c i ty 480 2, 400

M aintenance and C a libration  
(2 techn ic ians)

16, 800 
$ 35, 350

Tota l C osts  F i r s t  Y ea r  o f  O peration $ 10 1 ,4 00
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T A B L E  23. E x am p le  o f  total c o s t  ca lcu lat ion  f o r  27 station netw ork
(5 -6  p a r a m e te r s ) .

Ph
o
tn
nJ.r!o

03o
U
oo
aniP0)4->
.3fd

P(d
Po
•rH+->(dhoQ.
O

Item  P u rch a se d N um ber
C o s t /
Item Total

M on itor  (flow  ch am ber  
and an a lyzer  m od u les

27 $ 8. 000 $216, 000

C entra l R e ce iv in g  Station 
(data lo g g e r -8  chcinnel punch 
paper tape and t e le m e te r  
r e c e iv e r )

2 10, 000 20, 000

T e le m e te r  tra n sm itter 27 1 ,800 4 8 ,0 0 0

S u b m e rs ib le  Pum ps 27 300 8, 100

Sam ple T a k ers 27 700 18, 900

Autom atic  C leaning 
(w ater  jets)

27 1 ,000 27, 000 
$33 8 ,6 00

5% quantity d iscou n t - - - 16 ,430  
$322, 170

S e rv ice  P u rch a se d C o s t /  Station/ Y ear Total

Installation $ 2, 300 $ 62, 100

P a r ts  and Supplies 400 10, 800

C om m u n icat ion s  Link 530 14, 310

E le c t r i c i ty 480 12, 960

M aintenance and C a libration  
(11 techn ic ians)

T ota l C os ts  F i r s t  Y ear  o f

92, 400 
$192, 570

$ 51 4 ,7 40
O peration
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H ow ever ,  as ind icated  in the L ite ra tu re  R e v ie w  Section, a weekly- 

s e r v i c e  schedu le  is r e co m m e n d e d .  Thus, the ORSANCO c o s t  

should be doubled . F ifteen  p ercen t  o f  O R SA N C O 's  op era t ion  and 

m ain ten ce  c o s ts  w e re  fo r  parts and supplies  to r e p la c e  dam aged  or  

w o rn -o u t  equipm ent. F ifteen  p ercen t  of $2, 500 equals $400.

The c o s t  o f  the com m u n ica t ion s  link  (sch ed u le  1001 le a se d  

te legra p h  lines) is  an av era ge  o f  c o s t s  given in the l i te ra tu re .  

O R SA N C O 's  c o s t  is $11 ,30 0  annually, or  $ 8 0 0 / s ta t io n /y e a r . The 

f iv e  station n etw ork  operated  by E P A /W Q O  e x p e r ie n ce d  an annual 

c o s t  of $1, 980, o r  $ 3 9 6 / station. When expanded to eight stations 

there  w as no change in co s t .  The meain o f  th ese  c o s ts  is  $530.

E le c t r i c  s e r v ic e  c o s ts  are  only availab le  f o r  the N ew  Y o rk  

H arbor  System . This c o s t  is  $ 4 8 0 / s ta t io n /y e a r .

B e s id e s  expenditures  fo r  parts and supplies  m aintenan ce  c o s ts  

are  due to w ages  paid tech n ic ian s  to ca l ib ra te  and s e r v i c e  the 

m o n ito r s  and the cen tra l r e c e iv in g  station. W ages paid by E P A /W Q O  

on the N ew Y o rk  H arbor  S ystem  w e re  $25, 200 or  $8, 400 per  te c h -

n ic ian . F o r  this network, it was es tim ated  that th ree  tech n ic ian s  

cou ld  adequately  s e r v ic e  eight m o n ito r s .  Thus, each  tech n ic ian  

cou ld  handle 2 - 2 / 3  stations. This  re la t ion sh ip  w as applied  when 

ca lcu la t in g  the total c o s ts  l is ted  in T ab le  20.

C ost  e s t im ates  l is te d  in T a b les  20 -23  are  given with, and w ith -

out com p u ter  p r o c e s s in g .  T ab le  24 show s the c o s ts  w hich  can be
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T A B L E  24. P u rch a se  p r ice  of com p u ter  p r o c e s s in g  equipm ent. 
( F r o m  A n derson , Jam es  J . , 1970b).

E quipm ent P u rch a se d C ost

M ini C om puter $ 15 ,000

D isk  F i le 40, 000

P a p e r  Tape Punch  R e a d e r 6, 500

M agn etic  T ape  Unit 28 ,000

P r in te r 3 0 ,000

Cathode R ay  Tube D isp lay 4, 000

L og g in g  T y p e rs 5, 200

Tota l = $128, 700



exp ected  when pu rch asin g  a com p u ter  p r o c e s s in g  fa c i l i ty .  The 

c o s t  of $128, 700 is  added in T able  20 to the total c o s ts  f o r  the 

f i r s t  yea r  o f  op era t ion  to obtain the c o s t  with com p u ter  p r o c e s s in g .  

In lieu  o f  pu rch asin g  a com pu ter  p r o c e s s in g  fa c i l ity ,  equipm ent m ay  

be leased , as ORSANCO p r e fe r s ,  at a c o s t  o f  $23, 6 0 0 /y e a r .

Note in T a b les  21 -23  total c o s t s  a re  obtained by m u ltip ly in g  a 

constcint c o s t  per i te m  by the n um ber of stations in the n etw ork  and 

then sum m ing these to ta ls .  The only excep tion s  to this p r o ce d u re  

a re  the 5% d iscount on item s  pu rch ased  in quantities of th ree  or 

m o r e ,  the addition o f  a techn ic ian  fo r  e v e r y  2 - 2 / 3  in c r e a s e  in the 

num ber o f  stations, cind the c o s t  o f  an additional cen tra l r e c e iv in g  

station fo r  netw orks co n s is t in g  o f  tw e n ty -s ix  stations or  m o r e .

The R e la tion sh ip  Betw een  C ost  and N um ber o f  Stations

122

The c o s t  vs  nu m ber  of stations re la t ion sh ip  shown in F ig u re  15 

w as co n stru cte d  using the total c o s ts  with com p u ter  p r o c e s s in g  

l is te d  in T able  20. This  re la t ion sh ip  can be ap p rox im ated  by a 

straight line. H ow ever , fo r  the r e g io n  betw een 1 and 30 stations 

the stra ight line ap p rox im ation  is  r e a l ly  not n e c e s s a r y ,  s in ce  the 

c o s t  f o r  each additional station has been ca lcu la ted  and appears  in 

T a b le  20. F ig u re  15 m e r e ly  em p h a s ize s  the re la t ive  advantage of 

a cq u ir in g  another station when the addition o f  that station w ill  not 

n e ce s s ita te  an in c r e a s e  in the n um ber o f  techn ic ians  em p loyed .
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Figure 15. The relationship between cost and number of effective 
stations.



This is d em on stra ted  on the graph by the m o r e  h or izon ta l  se ct ion s  

o f  the r ipp led  cu rv e .  F o r  exam ple , the c o s t  o f  adding a station once  

nine have a lrea d y  been estab lish ed  w ill  not r e q u ire  an in c r e a s e  in 

staff s in ce  four tech n ic ian s  are  n e c e s s a r y  fo r  9 or  10 stations.

Th is  is ind icated  in F ig u re  15 by the d e c r e a s e d  s lope  in going f r o m  

nine to ten stations. F o r  e leven  stations, 5 tech n ic ian s  a re  requ ired .  

Thus, the s lope  in c r e a s e s  in going f r o m  ten to e leven  stations. In 

re sp o n s e  to th ese  changes in s lope  with additional tech n ic ian s ,  the 

c o s t  vs nu m ber  o f  stations re la t ion sh ip s  takes on a r ipp led  

ap p earan ce .

The R e la tion sh ip  B etw een  C ost  and Abatem ent E f fe c t iv e n e ss

124

O nce the abatem ent e f fe c t iv e n e s s  vs  nu m ber  o f  stations r e la t io n -

ship is  d eve lop ed , and the c o s t  vs nu m ber  o f  stations re la t ion sh ip  

es tab lish ed , generating  the c o s t -a b a te m e n t  e f fe c t iv e n e s s  re la t io n -

ship m e r e ly  r e q u ir e s  a c o m p a r is o n  o f  c o s t  and e f fe c t iv e n e s s  

a s s o c ia te d  with the va r iou s  s iz e d  n e tw ork s .  F o r  C o lo ra d o ,

F ig u r e s  14 and 15 plus T able  20 p rov id e  the needed  co m p a r is o n .
#

U sing this in form ation  F ig u re  16 is  co n s tru cte d .  The total c o s ts  

including com p u ter  p r o c e s s in g  are  used  b e ca u se  it is  c o n s id e r e d  

esse n t ia l  f o r  w ater  quality m anagem ent a g en c ies  to not only c o l le c t  

data, but a lso  to analyze the data they have c o l le c te d .
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Since the c o s t  vs num ber o f  stations re la t ion sh ip  is  n e a r ly  a 

stra ight line, the c o s t  vs e f fe c t iv e n e s s  re la t ion sh ip  w ill  r e s e m b le  

the re la t ion sh ip  found betw een  abatem ent e f fe c t iv e n e s s  and num ber 

o f  stations.

U nder the d es ig n  p r o ce d u re  d eve lop ed  fo r  d e term in in g  station 

im p o rta n ce ,  the graph re lating  abatem ent e f fe c t iv e n e s s  to num ber 

o f  stations w ill  a lw ays be c o m p o s e d  o f  three  straight line  segm ents  

cond itiona l on there  being at least  two stations per im p o rta n ce  

c a te g o r y .  A lso ,  the s lope  o f  the segm ent re p re se n t in g  the a c q u i-

s ition  o f  high im p orta n ce  stations w ill  be g re a te r  than the s lope  fo r  

m e d iu m  and lo w  im p orta n ce  stations.

Thus, any state using the design  p r o ce d u r e  d eve lop ed  in this 

study w ill  d e r iv e  a c o s t - e f f e c t iv e n e s s  re la tionsh ip  r e se m b lin g  

the one d eve lop ed  f o r  C o lo ra d o .  The s lopes  o f  the line segm ents  

m a y  of c o u r s e  be d ifferen t .



C H A P T E R  VI

DISCUSSION

Interpretation  of the C o s t -E f fe c t iv e n e s s  R e la tion sh ip

A p p lica tion  to C o lora d o

F o llo w in g  through with the C o lo ra d o  exam ple , a d eterm in ation  

o f  station acqu is it ion  w ill  now be m ad e . The C o lo ra d o  W ater 

P o llu tion  C on tro l  D iv is ion  o f  the State D epartm ent o f  Health has 

re q u e ste d  $345, 136 for  su rv e i l la n ce  p r o g r a m s  in 1973. If  all of 

this requ est  w e r e  em p loyed  tow ards  d eve lop in g  an autom atic  

m o n ito r in g  system , an e f fe c t iv e n e s s  le v e l  o f  about 73% cou ld  be 

obtained in one y e a r .  H ow ever, this is  an u n re a lis t ic  assum ption , 

in that the agency  o f  c o u r s e  has to supply data for  other o b je c t iv e s  

b e s id e s  abatem ent (i. e . ,  planning, r e s e a r c h ,  and aid p r o g r a m s ) .  

F u rth e r m o r e ,  the L ite ra tu re  R e v ie w  Section  p lain ly  points out that 

the b est  util ization  o f  autom atic  m o n ito rs  is  to supplem ent a grab 

sam pling  netw ork . The se co n d a ry  su rv e i l la n ce  stations enum erated  

by W ard  (1971) m u st  be reta ined  to supply planning data n eed s .

On the b a s is  o f  the se l f  evaluation; strategy  d eterm in ation  

p r o ce d u r e  d eve lop ed  by W ard  (1971), the C o lo ra d o  W ater P ollu tion  

C on tro l D iv is ion  has a s s e s s e d  its data needs  to be 45% fo r  p r e -

vention and 55% fo r  abatement. P rev en t ion  data needs  are  fo r
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planning, r e s e a r c h ,  and aid p r o g r a m s  aind are  p rov id ed  by the 

s e co n d a ry  n etw ork  (g ra b  sam pling stations). If  $345, 136 is 

obtained in 1973 fo r  su rv e i l la n ce  a c t iv it ie s ,  then $155, 311 should 

go into the grab  sam pling p ro g ra m . A ssu m in g  that the abatem ent 

o b je c t iv e  can be b e s t  sa t is f ie d  using  autom atic  m o n ito rs ,  $189» 825 

cou ld  be applied  tow ard s  obtaining an autom atic m on ito r in g  netw ork . 

This  would p e rm it  the a cqu is it ion  o f  two stations and c o v e r  o p e r -

ational c o s t s  fo r  one yea r  (F ig u re  16). The im p o rta n ce  ranking 

(T a b le  18) shows w hich stations should be acqu ired .  Stations in 

T ab le  18 a re  not only grouped  into c a te g o r ie s ,  but a lso  their  

sequ en ce  in d ica tes  re la t ive  im p o rta n ce  in their  r e s p e c t iv e  ca te g o ry .  

Thus, the two m o s t  im portant stations a re  the H enderson  station 

and the South P latte  station u p s tre a m  f r o m  C h e rry  C re e k .  T h e se  

a re  the stations that should be acqu ired .

F r o m  the c o s t - e f f e c t iv e n e s s  re la tionsh ip , the total c o s t  fo r  a 

two station netw ork  fo r  the f i r s t  yea r  of op eration  w ould  be $178, 120. 

H ence, $ 1 1 ,7 0 5  would rem ain  a fter  im plem en ta tion  o f  the two 

station netw ork . T o  e lim inate  this unused portion , it is  r e c o m -

m ended  that the budget request  fo r  s u rv e i l la n ce  a c t iv it ie s  be 

in c r e a s e d  to $365, 136 w hich would a llow  the acqu is it ion  o f  a three  

station netw ork . With three  stations, two tech n ic ian s  are  re q u ire d  

(1 m o r e  than fo r  two stations), but the p u rch ase  p r ic e  o f  the 

m o n ito r in g  equipm ent is  r e d u ce d  due to the 5% quantity d iscount.
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Abatem ent e f fe c t iv e n e s s  is in c r e a s e d  9 -0 9  p ercen t  s in ce  another 

high im p orta n ce  station can be added. With two stations, only 18 .18  

p ercen t  e f fe c t iv e n e s s  is  obtained. With three  stations an abatement 

e f fe c t iv e n e s s  of 2 7 .2 7  p ercen t  is r e a l iz e d .  The th ird  station added 

should be the one at the m outh o f  C h e rr y  C r e e k  (T ab le  18). The 

9.09  in c r e a s e  in e f fe c t iv e n e s s  m ak es  the additional $2 0 ,0 0 0  

investm ent advisab le .

In subsequent yea rs ,  the m on ito r in g  n etw ork  cou ld  be expanded 

at m uch  le s s  c o s t .  Th is  is  true s in ce  expenditures  fo r  the 

initial three  station netw ork  includes  the p r ice  of a cen tra l  r e c e iv in g  

station and com p u ter  p r o c e s s in g  cen te r .  An additional r e ce iv in g  

station and en largem en t o f  the com pu ter  fa c i l i ty  w ill  not be 

n e c e s s a r y  until the n etw ork  is  m u ch  la r g e r .

A s a hypothetica l situation, a ssu m e  that $420, 000 is requ ested  

fo r  su rv e i l la n ce  in 1974. Again, 45% should go fo r  the s e co n d a ry  

netw ork  or  $189, 000. Th is  m eans  that $ 2 3 1 ,0 00  w il l  be ava ilab le  

fo r  en larg ing  the e f fe c t iv e  p r im a ry  netw ork  o f  autom atic  m o n ito rs .  

F o r  $2 3 1 ,0 0 0 , 11 additional stations can be esta b lish ed . The 

num ber o f  stations is  ca lcu la ted  as fo l lo w s ;

$ 23 1 ,0 00  A va ilab le
- $ 21, 030 O perationa l c o s ts  fo r  th ree  station n etw ork  (wages 

- 2 techn ic ians , com m u n ica t ion s  link, e le c t r i c  
_____________  s e r v ic e ,  and parts and supplies) f o r  one year .

$ 209, 970 F o r  the a cqu is it ion  o f  additional stations and 
op era t ion  fo r  one year .
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F r o m  T ab le  20, the addition of e leven  stations is shown to c o s t  

$216, 120 - $10, 000 for  the cen tra l  r e c e iv in g  station, o r  $206, 120. 

T w elve  stations would c o s t $ 2 3 1 ,0 7 0  - $ 1 0 , 0 0 0 ,  o r  $ 2 2 1 ,0 7 0 .  Thus, 

e leven  stations m ay  be added to the th ree  station n etw ork  with the 

$2 3 1 ,0 0 0  ava ilab le .  The resu lting  14 station n etw ork  w ill  y ie ld  an 

abatem ent e f fe c t iv e n e s s  o f  86%. A ll the high and m e d iu m  im p ortan ce  

stations would be included, but none o f  the low  im p orta n ce  stations 

(T a b le  18).

A fte r  the secon d  acqu is it ion  o f  stations, expansion  o f  the 

autom atic  m on itor in g  s y s te m  w ould  p r o c e e d  at a s lo w e r  pace s ince  

a la r g e r  share o f  the m on ey  ava ilab le  fo r  the acqu is it ion  o f  aba te -

m ent data w ill  go fo r  op eration  and m aintenance  o f  the m o n itor in g  

sys te m . F o r  exam ple , a ssu m e that $ 23 1 ,0 00  is again ava ilab le  for  

the e f fe c t iv e  p r im a r y  netw ork . As i l lu s tra ted  by the fo l low in g  

ca lcu la t ion s , only eight stations can now be acqu ired .

$ 23 1 ,0 00  A va ilab le
- $ 70, 140 O peration  c o s t  f o r  a 14 station n etw ork  fo r  one 
_____________ year .

$160, 860 F o r  the acqu is it ion  o f  additional stations and 
op era t ion  fo r  one yea r .

F r o m  T a b le  20, the addition of eight stations c o s ts  $154, 000 - 

$ 1 0 ,0 0 0 ,  o r  $144, 000. Addition o f  nine stations c o s t  $177, 880 

- $ 1 0 ,0 0 0 ,  or  $ 1 6 7 ,8 8 0 .

H ow ever, only s ix  stations need  be added to c o m p le te  the 

e f fe c t iv e  station n etw ork  and obtain 100% abatem ent e f fe c t iv e n e s s



(T a b le  18). H ence, only $70, 140 plus $114, 7Z0 or  $184, 860 is

re q u ire d  fo r  the a cqu is it ion  o f  abatem ent data in 1975.

O nce  the m o n itor in g  n etw ork  is  com p le te ,  the m ain  expenses

are  op eration  and m aintenance . F o r  a twenty station sys tem , an

op era t ion  and m aintenance c o s t  o f  $ 9 5 ,4 0 0  can  be exp ected .

The $ 9 5 ,4 0 0  c o s t  is  com puted  as fo l lo w s :

$400 X 20 = $ 8, 000 F o r  parts  and supplies 
$530 X 20 = $ 1 0 ,0 0 0  F o r  co m m u n ica t ion s  link 
$480 X  20 = $ 9, 600 F o r  e le c t r i c  s e r v ic e

$67, 200 F o r  w ages  paid 8 techn ic ians  
$9 5 ,4 0 0

In addition, the c o s t  o f  rep la c in g  m o n ito rs  a fter  the seven year 

l i fe  exp ectan cy  m ust be m entioned . H ow ever, this c o s t  w ill  not 

be ca lcu la ted  s ince  the exact  rep la ce m e n t  pattern fo r  the twenty 

station n etw ork  is  u n p red ictab le .
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A p p lica t ion s  to O ther States

S im ila r  ca lcu la t ion s  can be p e r fo r m e d  fo r  other states once 

their  abatem ent e f fe c t iv e n e s s  vs num ber o f  e f fe c t iv e  stations 

re la t ion sh ip s  have been d e term in ed . The c o s t  vs num ber of 

stations re la tionsh ip  need not be p e r fo r m e d  fo r  each  state. This  

re la t ion sh ip  was d e v ise d  using av era ge  c o s t  f ig u re s  and is intended 

to re p re s e n t  the c o s ts  e x p e r ie n ce d  by any state. W aste outfall 

in fo rm a tion  is  re q u ire d  in o r d e r  to fo rm u la te  the abatem ent 

e f fe c t iv e n e s s  vs num ber o f  stations re la tion sh ip . States not having 

such in form ation  w ill  not be able to evaluate the t ra ce a b i l i ty  fa c to r .
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T h e se  states m u st  r e ly  on s tr e a m  c h a ra c te r iza t io n  data and 

in te r fe r e n c e s  on pollution potential. Thus, the station im p orta n ce  

ranking w ill  be le s s  defin itive  and the abatem ent e f fe c t iv e n e s s  vs 

num ber o f  stations re lationsh ip  le s s  m eaningfu l.



C H A P T E R  VII

CONCLUSIONS AND RECO M M EN DATION S

C on clu s ion s

A  few  gen era l observa tion s  have been  brought out in the text o f  

this investiga tion . They  d e s e r v e  em p h a s is .  Autom atic  m o n ito rs  

have proven  to be m o s t  valuable when used to supplem ent grab 

sam pling  n etw ork s  and when op erated  on a r e a l - t im e  b a s is  fo r  the 

c o l le c t io n  o f  data to be used  fo r  abatem ent p u rp o se s .  With this in 

m ind, the design  p ro ce d u re  d eve lop ed  in this study is  o f fe re d  as a 

m ean s  o f  d e term in in g  the appropria te  autom atic  su rv e i l la n ce  sy s te m  

to m e e t  the abatem ent needs  o f  any state w ater quality con tro l  

agency . F o r  any state, the c o s t - e f f e c t iv e n e s s  re la t ion sh ip  obtained 

by this p r o ce d u re  w ill  take the f o r m  o f  a d e c re a s in g  function c o m -

p osed  o f  three  line segm en ts . E a ch  line segm en t w ill  have a slope 

c o r re s p o n d in g  to the n u m e r ica l  im p orta n ce  value (abatem ent 

e f fe c t iv e n e ss )  o f  the c a te g o ry  o f  stations it r e p re s e n ts .  Since high 

im p orta n ce  stations have g re a te r  im p o rta n ce  va lues, g rea ter  

in cre m e n ts  o f  e f fe c t iv e n e s s  are  ach ieved  per d o l la r  expended fo r  

the acqu is it ion  o f  high im p orta n ce  stations than fo r  m ed iu m  or 

low  im p o rta n ce  stations.



A p p lica t ion  o f  the design  p r o ce d u re  to C o lo ra d o  has e lucidated  

the data req u irem en ts  fo r  im plem enting  an autom atic  m on itor in g  

sys te m . A lso ,  the C o lo ra d o  exam ple  has r e v e a le d  that even though 

in itia l c o s t s  o f  a cqu ir in g  an autom atic  m o n itor in g  s y s te m  are  high, 

a c o m p le te  s y s te m  a fford ing  one-hundred  p ercen t  abatem ent 

e f fe c t iv e n e s s  m ay  be obtained in a short p er iod  o f  t im e . F o r  

C o lora d o ,  assum ing reason ab le  in c r e a s e s  in budget requ ests  for  

s u rv e i l la n ce  in 1973 and 1974, the co m p le te  twenty e f fe c t iv e  station 

netw ork  m ay  be a cqu ired  in three  y e a rs .  C o s ts  in 1975 would 

d e c r e a s e  s ince  only s ix  stations need  be obtained to co m p le te  the 

netw ork . Thus, budget requ ests  fo r  su rv e i l la n ce  a ct iv it ies  m ay  be 

red u ced  after 1974. Only $ 95 ,40 0  is re q u ire d  for  the c o l le c t io n  

o f  abatem ent data a fter  1975.

U nderstanding the con cep t  o f  t ra ce a b i l i ty  is  c r i t i c a l .  S u rv e i l -

lan ce  abatem ent e f fe c t iv e n e s s  is dependent on the e x p ed ien cy  and 

a c c u r a c y  with w hich  a pollution event can be tra ce d .  Of c o u r se ,  

de tect ion  o f  the pollution  is  re q u ire d  b e fo r e  it can be t ra ce d .

R ecom m en d a t ion s

134

The L ite ra tu re  R ev iew  se ct io n  has exp osed  m any o f  the 

w ea k n esses  o f  autom atic  m o n ito r s .  Suggestions fo r  im p ro v e m e n t  

have a lso  been  given . The p r in c ipa l need  is f o r  m o r e  s e n s o r s  

w hich  w ill  op erate  re l ia b ly .  D ependable  n itrate  and phosphate
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s e n s o r s  would g rea t ly  in c r e a s e  the d etect ion  ability  and u se fu lness  

o f  autom atic  m o n ito r s .  M o r e  rugged  co n s tru ct io n  o f  m on itor in g  

equipm ent to red u ce  m aintenance  p rob lem s  is a lso  r e c o m m e n d e d .

The la ck  o f  knowledge on se n so r  d etect ion  ability  has been  

re v e a le d  in Chapter III. M o r e  r e s e a r c h  on the p ro p o r t io n  o f  w astes  

d etectab le  by r e l ia b le  s e n s o r s  is needed  in o r d e r  to d e term in e  an 

e xa ct  re la t ion sh ip  betw een  p a ra m e te rs  m o n ito re d  and d etect ion  

e f fe c t iv e n e s s .

The im p orta n ce  o f  co l le c t in g  w aste  outfall in form a tion  has been 

m entioned  se v e r a l  t im e s  in this study. This  is not by acc id en t. The 

c o l le c t io n  o f  data on the lo ca t ion  and effluent c h a r a c t e r is t i c s  of 

w aste  s o u r ce s  is co n s id e re d  im p era t iv e  not only fo r  the im p le m e n -

tation o f  the design  p ro ce d u re  d eve lop ed  in this study, but a lso  fo r  

the e f fe c t iv e  abatem ent o f  w ater pollution . A  p e rm it  s y s te m  would 

be v e r y  helpful in p rov id in g  such in form a tion .
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