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INTRODUCTION 

y his in te r im r e p o r t  includes r e s u l t s  o f  t h e  monitoring of 

e i g h t  s t a t i o n s  on waterways i n  t h e  S a l i n e  Valley Rural Clean 

Water Project. These s t a t i o n s  are on the Saline River o r  i ts 

t r i b u t a r i e s .  The d a t a  a r e  for  January 6, 1988- December 21, 

1988. 

 his r e p o r t  f o l l o w s  t h e  format  o f  l a s t  y e a r ' s  r e p o r t  

(Holland et a l . ,  1988) . It i nc ludes  a l l  r e s u l t s  o f  analyses  f o r  

PH, conduct iv i ty l  suspended s o l i d s ,  ammonia n i t rogen,  n i t r a t e  

n i t rogen,  s o l u b l e  r e a c t i v e  p h o s ~ h o r u s ,  a v a i l a b l e  phosphorus, 

t o t a l  phosphorus, s i l ica,  ch lo r ide ,  d i  scharge,  and temperature 

f o r  each sampling date. Data on seasonal  and annual loadings f o r  

each s t a t i o n  are a l s o  included. 

a l s o  inc lude  d a t a  on the  chemistry o f  groundwater i n  

wells near animal waste holding facil i t ies,  from, sampling on 

March 23, 1988 and December 1, 1988. 

Land i n v e n t o r y  d a t a  and water sample c o l l e c t i o n  were 

provided by Dennis Rice and associated staff of t h e  Washtenaw 

County Soi l  Conservation D i s t r i c t .  



MONITORING AND EVALUATION DATA 

Monitoring S t r a t e g y  

A monitoring program has been e s t a b l i s h e d  t o  eva lua te  t h e  

e f f e c t i v e n e s s  of  i n s t a l l e d  Best Management P r a c t i  cer ( B M P ~ )  by 

monitoring t h e  chemical loading of p r o j e c t  area streams. The 

Washtenaw County S o i l  Conservation District and the Monroe County 

' s o i l  a n d  W a t e r  C o n s e r v a t i o n  D i s t r i c t  c o o r d i n a t e  t h e  

r e s p o n s i b i l i t i e s  o f  d e t e r m i n i n g  B e s t  Management P r a c t i c e  

a p p l i c a t i o n  p r o g r e s s  and g e n e r a l l y  documenting water  q u a l i t y  

t r e n d s .  The L o c a l  C o o r d i n a t i n g  C o m m i t t e e  - M o n i t o r i n g  

Subcommit tee  i n c l u d e s  r e p r e s e n t a t i v e s  f r o m  t h e  Michigan  

Department of N a t u r a l  Resources, t h e  Michigan Department o f  

Agr icul ture ,  Huron River Watershed Council,  Sou theas t  Michigan 

Counci l  of governments, USDA-SCS, ASCS, ERS, and  l o c a l  c i t i zens .  

I n  order t o  r e a l i z e  t h e  s t a t e d  o b j e c t i v e s  o f  t h e  monitoring 

program, it was necessary t o  e i t h e r  d e f i n e  t h e  water q u a l i t y  

s i t u a t i o n  from an e x i s t i n g  d a t a  base or  o b t a i n  enough new da ta  t o  

e s t a b l i s h  base l ine  condi t ions  p r i o r  t o  implementat ion of Best 

Management P rac t i ces .  The data base was either nonexistent  or 

inadequa te ,  s o  the  first y e a r  of t h i s  program w a s  directed 

p r i m a r i l y  at  determining base l ine  condi t ions.  For some sampling 

sites, t h i s  was poss ib le ,  a s  no BMPs had been implemented i n  the 

watershed. For o the r s ,  some BMPs had been implemented, but t h e s e  

data, while  n o t  s t r i c t l y  b a s e l i n e ,  n e v e r t h e l e s s  allow t r e n d  

a n a l y s e s .  Sampling sites were s e l e c t e d  t o  avo id  poin t  source 

p o l l u t i o n  -impacts, except  f o r  s t a t i o n  8 a t  t h e  mouth of the 

S a l i n e  River. 



Sampling sites are situated in order to determine trends in 

water quality in the the Saline Valley. Eight sampling stations 

were established in 1981 and included five small drainage basins 

as well as the Saline River. Two of these stations (1 and 2 ) ,  

located in the Huron River watershed, were discontinued in 1985. 

station 9 (Macon Creek) was added on June 21, 1982. Station 3~ 

on the Saline River was established in 1984 (Fig. 1) . 
only by establishing baseline data and by subsequent 

monitoring will we be able to determine whether best management 

farming have improved water quality in the project 

area. Evaluations of nonpoint pollution control programs must 

consider variability of flows and loads over the long term. In 

other words, we must know the natural variance in order to detect 

any trends. 

SAMPLING STATIONS 

Saline-Bridgewater Drain - Station 3 
The watershed of the Saline-Bridgewater Drain is located in 

Saline and Bridgewater Townships in Uashtenaw County. ~t is 

3,969 acres in site with 435 acres of woodland, NO municipal or 

industrial point source pollution exists, and urbanization is not 

expected to occur i n  this watershed, Land use is a mixture of 

row cropping and livestock operations, hence monitoring at 

Feldkamp Road will provide information on water quality changes 

as a res-ult of BMes for these land uses. The Saline-Bridgewater 

Drain flows into the saline River at Feldkamp Road. This Drain 

Best management practices Fastalled in 1980, for the stations described balm, 
a n  listd in A p p d X  
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PIG 1. The Saline Valley RCWP study area. Covers 77,000 acres and 
is located -in Washtenav and Monroe Counties, MI. 



was dredged i n  J u n e  1983, and  t h e  a t a f f  gauge wa8 l o s t .  

Subsequently, a new hydrograph has been e s t a b l i s h e d  and water 

l e v e l  i s  now measured from t h e  t o p  of the c u l v e r t  p ipe  t o  t h e  

water sur face .  

Upstream of t h e  Confluence of t h e  S a l i n e  Bridgewater Drains - 
Sta t ion  3A on S a l i n e  River 

~ u s t  nor th  of t h e  confluence of t h e  S a l i n e  and Bridgewater 

dra ins  ( s t a t i o n  3) i s  s t a t i o n  3A, e s t a b l i s h e d  i n  October of 1984. 

 his watershed comprises 14,010 acres ,  t h r e e  lakes ,  t h r e e  major 

drains ,  row crops, and da i ry  opera t ions .  There is no hydrograph 

f o r  s t a t i o n  3A. Because s t a t i o n s  3 and 4 d r a i n  i n t o  t h e  Sal ine  

River  b e f o r e  s t a t i o n  5 ,  t h e  flow v a l u e  f o r  s t a t i o n  3A is  

ca lcu la ted  by s u b t r a c t i n g  t h e  sum o f  t h e  v a l u e s  o f  flow f o r  

s t a t i o n s  3 and 4 from t h e  value of flow f o r  s t a t i o n  5. 

Bauer Drain - S t a t i o n  4 . 

The 4,900 acre watershed of Bauer D r a i n  is l o c a t e d  i n  

Sal ine,  Lodi and Freedom Townships i n  Washtenaw County; t h e r e  is 

a combination of row crops, meadow crops, and woodland o r  i d l e  

land,  No urbanizing o r  point source i n f l u e n c e s  Occur i n  t h i s  

watershed. Bauer Drain flows i n t o  t h e  S a l i n e  River  j u s t  'east o f  

Austin Road. A staff gauge was i n s t a l l e d  by the USGS i n  1981. 

Sa l ine  River a t  D e l l  Road - Sta t ion  5 

USGS cur ren t ly  monitors t h e  Sa l ine  aver a t  D e l l  Road. The 

s t a f f  gauge i n s t a l l e d  by the  USGS i n  1981 was l o s t  i n  February 

1985; subsequently, water  leve l  was measured from t h e  bridge. 



Station 5 a t  Dell Road i 8  jus t  downstream from where Bauer Drain 

e n t e r s  t h e  S a l i n e  River .  Data from t h i s  s t a t i o n  r e f l e c t  

condi t ions  upstream i n c l u d i n g  s t a t i o n s  3, 3A, and 4 .  The 

addit ional  watershed between 3A and 5 is 6,240 acres.  

Bear Creek - Station 6 

The 2,470 acre watershed of Bear Creek is located i n  Milan 

and London Townships i n  Monroe County. Water q u a l i t y  da ta  

collected a t  Wells Road (Stat ion 6) w i l l  ident i fy  changes tha t  

occur from the  establishment of  BMPs t o  control cropland erosion 

and wind erosion. The s t a t i o n  does not have a s t a f f  gauge and 

water level  is measured from t h e  bridge t o  t he  water surface.  

Wanty Drain - Station 7 

The 1,920 acre watershed of Wanty Drain is  located i n  London 

Township i n  Monroe County. Acreage is wooded, brush, open 

f ie lds ,  cropland, or r e s i d e n t i a l .  The sampling s t a t i o n  (Station 

7)  is loca ted  a t  Plank Road, which is above most o f  t h e  

res ident ia l  area. Urban nonpoint source pollution should not be 

sign1 f icant  above Plank Road. Cash cropping is predominant w i t h  

f a l l  plowing where the residue is returned t o  t h e  s o i l .  Soi l s  

are either f i n e  sands o r  muck; therefore, t h e  w a t e r .  q u a l i t y  

monitoring should provide i n fomat ion  on the influence of 

establishment t o  control cash cropping and wind erosion. A s t a f f  

gauge was ins ta l led  by t he  USGS i n  1981. 

Saline River a t  Mouth - S t a t i o n  8 

Station 8 is  the Sa l ine  River as it flows i n t o  the Raisin 

River. Stat ion 8 i s  located a t  Bigelow Road i n  Dundee  owns ship, 



Monroe County. Samples from t h i s  s t a t ion  should represent water 

quali ty changes t h a t  occur from establishment of BMPs i n  the  128 

square mile Saline River Watershed (81,920 acres)  . Interference 

from municipal and indus t r i a l  pointf sources and urban nonpoint 

source3 have t o  be accounted for  i n  t h e  ana lys is  of these water 

qual i ty  data. This s t a t ion  does not have a s t a f f  gauge; water 

leve l  is measured from the  bridge a t  Bigelow Road. 

North Macon Creek a t  Ridse Road - Station 9 

Station 9 is  located a t  t h e  bridge of Ridge Highway one m i l e  

south of Nikona Road i n  Section 31 of York Township. T h i s  

s t a t ion  monitors flow from the  Macon Watershed which t o t a l s  9,728 

acres. About 4,900 acres of t h e  watershed is c r i t i c a l  cropland. 

The sampling s i t e  is d i rec t ly  below t h e  bridge. A s t a f f  gauge 

was located on the downstream (east)  side of  the bridge. The 

s t a f f  gauge was l o s t  during 1984, but water l eve l  measurements 

have been made from the  bridge. 

DATA COLLECTION SCHEDULE 

The plan has been t o  co l l ec t  water samples weekly, but with 

the provision that the  schedule could and should be adjusted t o  

include sampling during periods around s t o m  and times of 

snowmelt. Consequently, sampling events might occur twice o r  

more in one week and might be eliminated during dry weather 

weeks. 

IDENTIFIWION OF PARAMETERS BEING MONITORED 

F ~ O W  (Discharge) 

Suspended Solids 



Orthophosphate (Soluble React ive  Phosphorus) 

Available Phosphorus (Labile) 

Total Phosphorus 

Nitrate-N 

Chloride 

Conductivity 

PH 

S i l i c a  

Temperature 

COLLECTION AND ANAIXTICAL METHODS 

Water samples were c o l l e c t e d  with a bucket a t  midstream 

immediately below the  surface. Such sampling can be conducted 

from bridges a t  a l l  sampling sites except during per iods  of very 

low flow, o r  i c e  cover when it is  necessary t o  en te r  t h e  streams 

t o  chop a ho le  i n  the  ice and fill a sample b o t t l e  d i r e c t l y .  The 

water samples were poured i n t o  chemically clean polyethylene 

b o t t l e s  and del ivered t o  t he  Univers i ty  laboratory t h e  day of 

col lec t ion.  

Temperatures were measured i n  s i t u  wi th  a mercury stem 

thennometer. 

The U .  S . Geologica l  S u r v e y  measured stream f l o w s ,  

es tabl ished s t a f f  gauges and reference points ,  and const ructed 

hydrographs for the  eight s t a t i o n s  under contract  w i t h  SEMCOG i n  

1981 and 1982. USGS p e r s o ~ e l  ca lcu la ted  flows and provided 

these  da ta  u n t i l  the  termination of  t h e i r  contract  i n  March 1982. 



Subsequently, University personnel have ca lcula ted  flow from the  

hydrographs provided by USGS. 

The staff gauge was l o s t  for Station 3 when the County Drain 

Commission dredged S a l f  ne-Bridgewater Drain June 27, 1983. 

Stream flow was measured a t  t h i s  s t a t ion  and the new Station 9 t o  

e s t a b l i s h  hydrographs  f o r  t h e s e  sampling p o i n t s .  Flow 

measurements were completed i n  f a l l  1984. The s t a f f  gauge was 

l o s t  for s ta t ion  5, but flows had been measured from the bridge 

as well as the  gauge. Measurements have continued from t h e  

bridge. 

The height of water leve l  on the s ta f f  gauges and/or the  

water level as measured from a reference point  on a bridge were 

observed and recorded a t  each sampling event f o r  each stat ion.  

Standard methods were used t o  determine p H ,  suspended 

so l ids ,  and conductivity on the samples soon after they were 

delivered t o  the  laboratory. A l l  other chemical analyses were 

made on an Auto Analyzer 11 system. Available phosphorus (AVP) 

was determined on the Auto Analyzer a f t e r  a NaOH extraction of 

material  retained on a 0.45-)ua filter. This form of phosphorus 

is considered labile phosphate which can be used by a lgae  

(Martin, DePinto, Young 1984). It is assumed t o  be rapidly 

a v a i l a b l e .  Ammonia-N determinat ion fol lowed t h e  methods 

established by SPA (197 6) . Analyses for  other chemicals followed 

t h e  procedures presented by  Davis and Simmons (1979) . 
~ l l  chemistry r e s u l t s  w e r e  entered into a computer data 

bank. The computer readout provided weekly r epor t s  of calculated 



discharge,  temperature,  and water  chemis t ry  r e s u l t s  f o r  a l l  t h e  

s t a t i o n 8  (Appendice3 At B and C ) .  

Loadings were r e c a l c u l a t e d  f rom t h o s e  r e p o r t e d  i n  t h e  

previous p r o j e c t  repor t .  Loading c a l c u l a t i o n s  were performed by 

multiplying the concentration of  t h e  p a r t i c u l a r  measurement of 

i n t e r e s t  by t h e  flow, times t h e  i n t e r v a l  of t h e  sampling pe r iod .  

The r e s u l t a n t  v a l u e s  were summed t o  o b t a i n  e s t i m a t e s  of s e a s o n a l  

loadings f o r  t h e  individual  r i v e r s  (Appendix Dl. Annual load ings  

a r e  given i n  Appendix E. 

SUMMAFiY OF DATA 

Data from s t a t i o n  8 a t  t h e  mouth of t h e  S a l i n e  River  a r e  

discussed, even though chemical c o n d i t i o n s  a t  t h i s  s t a t i o n  are 

influenced by d ischarge  from t h e  Milan Sewage Treatment Plant and 

o t h e r  urban d ischarges .  Indeed, t h e  s t r i k i n g  e f f e c t  which t h e  

Milan Sewage Treatment Plant  upgrade h a s  had upon t h e  r educ t ion  

of phosphorus concent ra t ions  a t  s t a t i o n  8 is s i g n i f i c a n t  and 

i n s t r u c t i v e  . 
Analyses of w e l l  water were made t w i c e  i n  1988 to test 

groundwater near anfmal waste holding tanks. Chemical data for 

w e l l  s t u d i e s  are given i n  appendix F. 

Since discharge (flow) may g r e a t l y  affect concentrations of 

the chemical cons t i tuen t s ,  t h e  r e l a t i o n s h i p  of d ischarge  to each 

c o n s t i t u e n t  is  explorda. 

Discharge (Flow) 

Discharge followed a bimodal p a t t e r n  a t  a l l  s t a t i o n  w i t h  

winter / spr ing  and aut-al peaks, and depressed flow dur ing  the 



summer. Flow essential ly ceased a t  s t a t ions  4 and 6 during t h i s  

unusually dry and hot summer and a l so  reg is te red  between 0.001 

and 0.002 m3/sec a t  times a t  s t a t i o n s  3, 7 ,  and 9. 

Suspended Solids 

Highest peaks of suspended so l ids  coincided with greatest 

discharge except a t  Stat ions  7 and 8; i.e., highest  levels of 

suspended sol ids  were found i n  November, except a t  s ta t ion 7 

where they were greatest i n  July, and a t  s t a t i o n  8 where they 

were highest i n  June. Values ranged from a low of 0.5 mg/l a t  

s t a t i o n  7 t o  a maximum of 748 mg/l a t  s t a t ion  3. 

Soluble Reactive Phosphorus (SRP) 

~ l u c t u a t i o n  patterns Of soluble  r eac t ive  phosphorus were 

very similar  a t  stations 3, 3a, and 4, where t h e r e  were peaks i n  

January and November and depressed concentrations throughout the 

rest of the year; these peaks coincided with peaks i n  discharge 

a t  s ta t ions  3a and 4. S ta t ions  5 and 6 had high l eve l s  of SRP i n  

p a r t s  of late summer and e a r l y  autumn a s  w e l l  as i n  January and 

November, and these August and e a r l y  f a l l  increases occurred-when 

discharge x u  low. Concentrations of SRP w e r e  low a t  s t i t i o n  7 

u n t i l  ~ u g u s t  when they rose t o  127 ~ g / 1  although discharge was 

minimal; the  year's highest leve l ,  310 pg/l, was observed i n  

September when discharge was s t i l l  low. Levels were elevated i n  

November when discharge was high. The grea tes t  concentration of 

SRP (111 pg/ l )  a t  s t a t i o n  8 was observed i n  January when 

discharge was also highest; t h e r e  were s i g n i f i c a n t  secondary 



peaks i n  June, September and November. Concentration8 did n o t  

f a l l  below 8 ~ g / 1  a t  any time during t h e  year. The highest  

concentration of SRP f o r  any of our s t a t i o n s  was found a t  s t a t i o n  

9 i n  January, and measured 1170 pg/l .  This high was cor re la ted  

with increased discharge. The elevated SRP concentration i n  

December likewise coincided with e leva ted  discharge, but high 

concentrations from May through August were found when discharge 

was very low. 

Available Phosphorus 

The pat tern of concentration of ava i l ab le  phosphorus was 

similar a t  s t a t i o n s  3, 38, 4, and 5, where there  were minor 

increases i n  l a t e  winter and spring, depressed levels  i n  e a r l y  

summer, and h ighes t  concentrations i n  November, when va lues  

ranged between 36 pg/ l  (station 3) and 52 pg/l (s ta t ion 5 ) .  The 

November h ighs  co inc ided  with h igh  d i s c h a r g e .  Avai lab le  

phosphorus. concentrat ions  were low f o r  most of t h e  year a t  

s ta t ions  6 and 7 with greatest values i n  November and September 

respectively. The September value of 154 pg/ l  a t  s t a t ion  7 was 

t h e  highest  observed a t  any s t a t i o n ;  levels of a v a i l a b l e  

phosphorus here were inversely correlated with discharge. A t  

s ta t ion  8, avai lable  p h ~ ~ p h o r u s  f luctuated between 6 and 35 pg/ l  

throughout the year  with no apparent cor re la t ion  t o  discharge. 

Although t h e r e  w e r e  minor peaks of a v a i l a b l e  phosphorus i n  

January and November a t  stat ion 9, which coincided with high 

discharge, the  g rea tes t  concentration (121 pg / l )  was obsetved in 

June when flow had almost ceased. 



Total  Phosphorus 

p a t t e r n s  of t o t a l  phosphorus concentrat ions were s i m i l a r  a t  

s t a t i o n s  3, 3a, and 4 w i t h  h i g h e s t  v a l u e s  i n  J a n u a r y  and 

November; l e v e l s  d i d  not f a l l  below 10 pg/l  and reached  a high of 

380 p g / l  a t  s t a t i o n  4 .  Highest  l e v e l s  coincided w i t h  increased  

flow. Peak l e v e l s  of t o t a l  phosphorus a t  s t a t i o n  5 i n  January 

and November coincided with e l e v a t e d  discharge, b u t  t h e  peak i n  

September did not, nor d i d  t h e  g r e a t e s t  concent ra t ion  (278 pg/ l )  

i n  November. Total phosphorus concentrat ion peaked a t  s t a t i o n  6 

i n  January and November (290 )19/l) when d i s c h a r g e  was a l s o  

e levated ,  but it a l s o  peaked dur ing  the  summer when t h e r e  was 

e s s e n t i a l l y  no flow; t h e  f u l l  e x t e n t  of t h e  swnmer peak i s  no t  

known s i n c e  measurements w e r e  n o t  made i n  J u n e  a n d  Ju ly .  

Concentrations of  t o t a l  phospho-s were h igh  a t  s t a t i o n  7 i n  

~ u g u s t  and highest  i n  September; a t  both t i m e s  d i s c h a r g e  w a s  very 

low. Total phosphorus concen t ra t ions  a t  s t a t i o n  8 f l u c t u a t e d  

between 38 and 257 u g / l  and w e r e  genera l ly  inve r se ly  p r o p o r t i o n a l  

t o  flow; leve ls  were more c o n s t a n t  than a t  t h e  o t h e r  s t a t i o n s .  

Tota l  phosphorus concen t ra t ions  were higher a t  station 9 (2000 

ug/1 in January) than a t  any o t h e r  s t a t ion .  There were secondary 

peaks  i n  summer (when flow had e s s e n t i a l l y  s t o p p e d )  and i n  

November. The winter  and f a l l  increases  coincided w i t h  h igh  

discharge.  

Ammonia Nitrogen 

Pat te rns  of ammonia-N concen t ra t ion  were similar a t  s t a t i o n s  

3a and 4 where highest  l e v e l s  were i n  January (362 pg/l and 202 



pg/l r e spec t ive ly ) ,  when discharge was a l so  high. S ta t ion  3 had 

peaks i n  January, Apr i l ,  May (433 p g / l ) ,  November and Decembert 

a l l  but t h e  January and December peaks occurred  when flow w a s  

low, Ammonia concent ra t ions  a t  s t a t i o n  5 peaked i n  January and 

~ u g u s t  (388 p g / l ) .  The August peak occur red  when discharge w a s  

v e r y  low. Ammonia c o n c e n t r a t i o n s  a t  s t a t i o n  6 were l o w  

throughout t h e  per iod  of observat ion (which excluded June, ~ u l y  

and ha l f  of August), and ranged between 1 3  and 62 pg/ l .  Ammonia 

l e v e l s  a t  s t a t i o n  7 were low (below 140  p g / l )  f o r  most of t h e  

y e a r  except i n  August when flow was low and t h e y  reached 624 

1 .  The concentrat ion of ammonia reached a high of 510 p g / l  i n  

January and was below 100 p g / l  from A p r i l  through December a t  

s t a t i o n  8. 

' Ammonia concent ra t ions  a t  s t a t i o n  9 exceeded those of any 

o t h e r  s t a t i o n  wi th  a mean va lue  of 365.6 p g / l  and a maximum v a l u e  

of 5748 pg / l  i n  January (when d ischarge  w a s  h i g h ) .  They w e r e  

a g a i n  high i n  mid-summer (1107 ~ g / 1  and 930 p g / l )  when d i scharge  

w a s  very low. 

Ni t ra te  Nitrogen 

P a t t e r n s  of n i t r a t e  n i t rogen c o n c e n t r a t i o n  w e r e  similar a t  

s t a t i o n s  3, 3a, 4, 5, and 8, where v a l u e s  ranged between 3.75 and 

7.19 mg/l i n  January, dec l ined  t o  very low summer values  and r o s e  

a g a i n  t o  'h ighest  levels i n  autumn as discharge a l s o  increased. 

P a t t e r n s  of concentrat ion were l ikewise s i m i l a r  a t  s t a t i o n s  6, 7 ,  

and  9 where levels were a l s o  depressed d u r i n g  the summer, b u t  

levels i n  January w e r e  notably higher t h a n  a t  t h e  aforementioned 



s t a t i o n s ,  ranging from 11.62 t o  12 .84  mg/l. Highest v a l u e s  f o r  

these  s t a t i o n s  were all observed i n  November: I S  mg/l ( s t a t i o n  

6 ) ,  29 mg/l ( s t a t ion  71, and 18 mg/l ( s t a t ion  9) . S t a t i o n  7 had 

t h e  highest  mean value of n i t r a t e  ni t rogen a t  9.8 mg/l, ve ry  

c lose  t o  t h e  maximum al lowable  l e v e l  of 10 mg/l recommended by 

- t h e  Nat ional  Academy of  S c i e n c e s  f o r  consumption by i n f a n t s  

(1978).  The only s t a t i o n  where t h e  recommended l e v e l  was no t  

exceeded a t  some time was s t a t i o n  5. 

Chloride 

pa t t e rns  of chlor ide c o n c e n t r a t i o n  were similar a t  s t a t i o n s  

3, 3a, 4 and 5 where l e v e l s  were f a i r l y  steady f o r  most of t h e  

year  and ranged between 13 and 50 mg/l with lowest va lues  i n  

November. chlor ide l e v e l s  were h i g h e r  a t  t h e  o t h e r  s t a t i o n s  wi th  

d i s t i n c t  peaks i n  spr ing  and autumn at s t a t i o n  6 (h ighes t  va lue  

153 mg/l), i n  summer a t  s t a t i o n  7 (maximum value 100 m g / l ) ,  i n  

summer and autumn a t  s t a t i o n  8 (highest value 118 m g / l ) ,  and i n  

summer a t  s t a t i o n  9 (maximum va1u.e 80 mg/l). In g e n e r a l ,  

ch lo r ide  concentrations v a r i e d  i n v e r s e l y  with discharge .  

Conductivity 

c o n d u c t i v i t y  was h i g h e s t  i n  summer o r  autumn a t  a l l  

s t a t i o n s ,  and i n  g e n e r a l ,  was i n v e r s e l y  p r o p o r t i o n a l  t o  

discharge.  

~ i g h s  a t  s ta t ions  3, 3a, 4, 5, and  8 were around 1000 ymhos. 

A t  s t a t i o n s  7 and 98 maximum concen t ra t ions  w e r e  lower reaching 

920 W o s  and 880 umhos r e s p e c t i v e l y  i n  November. Conductivity 



values a t  s t a t i on  6 exceeded those of o the r  s t a t i o n s ,  reaching 

1720 pmhos i n  November. 

PH tended t o  be lowest when discharge was highest .  Its 

range was s l i g h t l y  h ighe r  a t  s t a t i o n s  8 and 9 than a t  o the r  

s t a t i o n s  (between 7.4 and 8 - 2  pmhos) . Otherwise, t h e  range was 

between 7.0 (lows a t  s t a t i o n s  3 and 3 a ) ,  and 8.0 (highs a t  

. s t a t i o n s  6 and 7 ) .  

S i l i c a  

pat terns of s i l ica concentration were s imi l a r  f o r  s t a t i o n s  

3, 3a, 4 ,  and 5 wi th  sus t a ined  e l eva t ions  from l a t e  s p r i n g  

through October and h ighes t  values reaching 1 4  mg/l (3a and 5) 

and 15 mg/l (3 and 4 )  ; minimum values ranged between 2 .5 and 4.8 

mg/l. Concentrations of  s i l i c a  observed a t  s t a t i o n s  6 and 7 w e r e  

l o w  u n t i l  June and h ighes t  i n  summer and e a r l y  autumn; l e v e l s  

ranged from 0.2 t o  39 mg/l. A t  both s t a t i o n s  8 and 9, s i l i c a  

values  were lowest i n  April (1.7 and 0.5 mg/l respectively)  and 

h ighes t  i n  July (13 and 20 mg/l respectively) .  I n  general,  there 

w a s  an inverse co r r e l a t i on  between concentrations of silica and 

discharge a t  a l l  s t a t i ons .  

Temperature 

Temperature a t  s t a t i o n  3 ranged between 35 and 66O F 

throughout the  year. Winter temperatures a t  a l l  o ther  s t a t i o n s  

f e l l  t o  freezing o r  below i n  winter and reached a s  high a s  80° 



( s t a t i o n  4 )  i n  summer. Pa t t e rns  were similar t o  a i r  temperature 

for a north temperate climate,  w i t t i  h i g h e s t ,  va lues  i n  summer and 

lowest  l e v e l s  i n  winter .  

Seasonal  Loadings 

Seasonal loading o f  most c o n s t i t u e n t s  war greatest i n  autumn 

(September-November); however, loading  of c h l o r i d e  was h i g h e s t  a t  

a l l  s t a t i o n s  i n  winter  (December-February). The loading of a l l  

c o n s t i t u e n t s  was h ighes t  i n  winter  a t  s t a t i o n  8, and the loading 

of a l l  cons t i tuen t s  except suspended s o l i d s  was highest  i n  winter  

a t  s t a t i o n  9. Loading was not opt imal  f o r  any c o n s t i t u e n t  a t  any 

s t a t i o n  i n  spr ing  o r  summer. 

Annual Loadings 

  his year, again, t h e  annual loading  of a l l  c o n s t i t u e n t s  was 

h i g h e s t  a t  t h e  s t a t i o n s  with g r e a t e s t  discharge: r e spec t ive ly ,  

s t a t i o n  8, s t a t i o n  5, and s t a t i o n  3a. 

CHEMISTRY OF GROUM)WiTER NEAR ANIMAL W T E  

HOLDING EACILITIES 

In March, and again fn December, we sampled wells drilled 

s e v e r a l  years  ago t o  test groundwater around t h r e e  animal waste 

h o l d i n g  t anks  ( w e l l s  ABC, DEF, and G H I ) ,  and from a n  o l d e r  * 

e x i s t i n g  w e l l  near each of t h e  t a n k s  ( w e l l s  JKL). Values of p ~ ,  

conduc t iv i ty ,  ammonia-N, nitrate-N, so luble  r e a c t i v e  phosphorus, - 

s i l i ca ,  chlor ide,  water e levat ion ,  and temperature a r e  given i n  

appendix F. 



S o l u b l e  r e a c t i v e  phosphoru3 c o n c e n t r a t i o n s  were a g a i n  

highest  a t  wells 8, Ct 1, and Lt b u t  for  t h e  second consecutive 

year  showed s i g n i f i c a n t l y  decreased va lues .  I n  September o f  

1986, l e v e l s  of SRP reached four  d i g i t  levels a t  w e l l s  c and I. 

I n  1987, h ighes t  concent ra t ion3 a t  t h e s e  w e l l s  were 763 ng / l  and 

736 p g / l  respect ive ly .  Highest va lues  observed t h e r e  i n  1988 

were 263 1 a n d  330 p g / l  r e s p e c t i v e l y .  The g r e a t e s t  

concent ra t ions  observed a t  S t a t i o n s  B and L were 91 pg / l  and 208 

pg/ l ,  r e spec t ive ly  . 
Ammonia reached extremely high c o n c e n t r a t i o n s  a t  w e l l  E 

(40,000 p g / l  i n  December and 46,000 p g / l  i n  March) . These va lues  

by f a r  e c l i p s e d  those  a t  w e l l  L which had t h e  next  h ighes t  va lues  

(maximum concentrat ion of 905 p g / l  i n  March). Values a t  o t h e r  

w e l l s  ranged from 12 p g / l  ( w e l l  A i n  March) t o  316 y g / l  ( w e l l  J 

i n  March). 

Chloride concent ra t ions  were h ighes t  on b o t h  sampling d a t e s  

a t  we l l s  A and D (highest  va lues  f o r  both  w e l l s  w e r e  observed i n  

March and were 309.6 and 267 -3 p g / l  r e s p e c t i v e l y )  , Chloride 

levels a t  o t h e r  w e l l s  ranged from 2.7 p g / l  ( w e l l  F i n  December) 

t o  254.6 pg/ l  (-11 G i n  March) 

Nitrate-N concent ra t ions  were again  h i g h e s t  at w e l l  B (13.27 

mg/l i n  December and 16.79 mg/l i n  March) . On both  sampling 

da tes ,  t h e  observed values exceeded t h e  10 m g / l  level recommended 

f o r  i n g e s t i o n  by i n f a n t s  (Nat ional  Research Counci l ,  1978) . - 

Values from o the r  w e l l s  ranged from 0.07 mg/l ( w e l l s  E, J, K, and 

L i n  December) t o  3.07 mg/l a t  w e l l  A i n  March. 



DISCUSSION 

There were increases  i n  t h e  mean concent ra t ions  of a l l  

chemical parameters except c h l o r i d e  a t  most s t a t i o n s  between 1987 

and 1988. There was a l s o  increased discharge a t  a l l  s t a t i o n s  

between these  years due p r i m a r i l y  t o  h igher  flow dur ing t h e  

winter and autumn of 1988. The higher chemical concentrations of 

t h e  second year were probably caused by increased leaching and 

increased contr ibut ions  from a i rbo rne  chemicals en t e r ing  t h e  

waterways through p r e c i p i t a t i o n .  The decreased mean ch lor ide  

concentrations a t  s t a t ions  3, 4,  5 ,  and 9 reverse an upward t r end  

observed i n  previous years. 

The increase i n  a l l  forms of phosphorus a t  s t a t i o n  9 was 

s t r i k ing .  Mean values of t o t a l  phosphorus rose  from 84.0 pg/ l  t o  

8 . 1  1 SRP rose from 34 p g / l  t o  100.5 pgll;  and AVP ro se  

from 10.0 pg/l  t o  18.9 pg/l-  The increase of ammonia-nitrogen a t  

t h i s  s t a t i on  i s  even more s t r i k i n g ,  from 39.0 pg / l  t o  365.6 pg/l .  

Maximum values of t o t a l  P, SRP, and ammonia-N reached fou r  

f igures,  with respective va lues  of 2000 pg/l ,  1169 pg/l ,  and 5748 

pg/ l .  B e s t  management p r a c t i c e s  i n  t h e  v i c i n i t y  of this s t a t i o n  

are not evidenced by our data; on the contrary, our da ta  ind ica te  

t h a t  the drainage in to  t h i s  s t a t i o n  was a se r ious  source of 

po l lu t ion  i n  1988. 

Mean concentrations of NH,-N, SRP, ZNP, and C 1  decreased a t  

s t a t i o n  8. The increase i n  mean concentration of t o t a l  P was 

s l i g h t ,  from 140.0 pg/1 t o  143.8 pg/l .  Nitrate-N rose  from 2.98 

m g / l  t o  3 . 8  m g / l .  The dec l ine  i n  mean concentrations of four 



chemical cons t i tuen t3 ,  esPe SRP and AVP, and t h e  neg l ig ib l e  

i n c r e a a s  i n  t o t a l  P a t  s t a t i o n  8 a t t e s t  a g a i n  t o  t h e  

ef fect iveness  of t h e  Milan sewage t rea tment  p lan t .  

 his effect iveness is i l l u s t r a t e d  i n  table 1 which compares 

t h e  pre and post sewage treatment P lan t  upgrade years  a t  the  two 

Sal ine  River s ta t ions :  s t a t i on  5, above t h e  f a c i l i t y ,  and s t a t i on  

8, below. Aside from decreases i n  mean ch lo r ide  concentration, 

t h e r e  were only two in s t ances  of decreased  va lues  a t  o ther  

s t a t i ons :  nitrate-N from 5.4 m g / l  t o  5.1 m g / l  a t  s t a t i o n  6, and 

ammonia-N from 95.0 Llg/l t o  61.4 pg/ l  a t  s t a t i o n  7. 

The ammonia-N concentrations of 40,000 pg/ l  and 46,000 pg/l  

a t  well E suggest t h a t  the animal waste holding tank near t h i s  

w e l l  may have l o s t  i t s  in t eg r i t y ,  and should be examined. 

The l eve l s  of n i t r a t e+  a t  w e l l  B (13.27 mg/l i n  December 

and 16.79 mg/l i n  March) above the  10 mg/l l i m i t  recommended f o r  

i n f a n t s  by the National Academy of Science  a r e  a  matter  f o r  

concern. If drinking water is drawn from t h e  same aquifer  a s  

t h i s  w e l l ,  t h e r e  i s  a p o t e n t i a l  f o r  the development of 

methemoglobinemia i n  young children- 
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~ a b l r  M I N I M U M ,  M A X I M U M  A N D  H E A N  VALUES B Y  STATION FOR 1988. 

--..--------------------------------------------------------- 
STATION PARAMETER (UNITS) M I N I M U N  MAXIHUH M E A l  
- - - - - - - - - - - - - ---- 

SUSP SOLIDS mg/ l  1.7 748 38.8 
AMMONIA u g / l  37.0 433 125.1 
NITRATE 8 8 1  1 0.1 13 2.6 

3 SOLOREACT P u g / l  1.0 102 12.5 
AVAILABLE P u g / l  3.0 36 11.9 
TOTAL P u g / l  10.0 263 50.4 
S I L I C A  mg/ l  4.8 15 11.2 
C H L O R I D E  lag11 14.3 50 30.5 
D I S C H A R G E  m3/sec .OO 1 .SO . I22  ------------------------------------------------------------- 
SUSP SOLIDS mg/ l  4.8 258 22.8 
AMMONIA u g / l  24.0 362 84.3 
N I T R A T E  mg/ l  0.7 12 3.5 

3A SOL.REACT P u g / l  1.0 88 11.7 
AVAILABLE P u g / l  5.0 40 12.4 
TOTAL P u g / l  10.0 180 53.2 
S I L I C A  mg/ l  4.7 14 9.4 
C H L O R I D E  mg/ l  14.6 32 25.8 
DISCHARGE m3/sec -130 10.0 1.32 

- - - - - - - 

SUSP SOLIDS mg/ l  
AMMONIA u g / l  
NITRATE mg/ l  

4 .  SOLOREACT P u g / l  
AVAILABLE P u g / l  
TOTAL P u 8 / 1  
SILICA mg/ l  
CBLORIDE mg/ l  
DISCBARGE r 3 / r e c  ------------------------------------------------------------- 
SUSP SOLIDS r g / l  4.0 520 49.5 
A)IIIOltIA u 8 / 1  24.0 388 94.6 
RITMTE mg/ l  0.3 9 3.3 

5 SOL.RUCT P u a / l  3.0 109 18.5 
AVAILABLE P u g / l  5.0 52 15.2 
TOTAL P r g / l  23.0 278 86.6 
SILICA r g / l  4.2 14 9.7 
CHLORIDE r g / l  14.9 38 28.8 
DISCHARGE m3/8ec . I 50  13.1 1.54 



Tabla . continued 
..-----..----------------------------------.------..--.------ 
STATION PARAUETER (UNITS) ~ I N I H U ~  M A X I M ~ ~  MEAN -----------.----.----------------------.-~----.-~--~--------- 

SUSP SOLIDS mg/ l  0.9 73 7.5 
A X X O N I  A u g / l  13.0 62 31.7 
NITRATE m g / l  0.1 15 5.1 

6 SOL.REACT P u g / l  2.0 116 19.0 
AVAILABLE P u g / l  2.0 42 7.5 
TOTAL P u g / l  . 5 0 290 64.7 
SILICA m g / l  0.2 39 11.2 
CBLORIDE mg/ l  39,O 153  68.7 
D I S C H A R G E  m3/rec  . O O  1 .4 7 .082 -----__------------------------------------------------------ 
SUSP SOLIDS mg/ l  0.5 29 6.0 
AMMONIA u g / l  10.0 6 24 61.4 
NITRATE m g / l  0.5 29 9 .8  

7 SOL,REACT P u g / l  3.0 3 10 32.3 
AVAILABLE P u g / l  2.0 154 12.8 
TOTAL P u g / l  4.0 330 70.5 
SILICA mg/ l  0.7 30 10.9 
CBLORIDE mg/ l  12.6 100 35.9 
DISCRARGE m3/sec .002 .48 . IS4  ............................................................. 
SUSP SOLIDS mg/ l  3.2 123 39.4 
AXHONI A u g / l  10.0 5 10 74.9 
NITRATE mg/ l  0.7 12  3.8 

8 SOL.REACT P u g / l  8.0 111 36.4 
AVAILABLE P u g / l  6.0 35 19.5 
TOTAL P u g / l  38.0 257 143.8 
SILICA mg/ l  1.7 1 3  8.9 
CELORI DE mg/ l  30.0 118 61.8 
DISCHARGE m3/rec  -270 8.74 2.01 ............................................................. 
SUSP SOLIDS r g / l  2.0 478 39.1 
~nnoU1A u g / l  14.0 5748 365.6 
NITRATE m u l l  0.2 18 5.4 

9 SOL.RUCT P u g / l  5.0 1169 100 5 
AVAILABLE P u g / l  4.0 121  *18.9 
TOTAL P u g / l  27.0 2000 198.1 
SILICA mg/ l  0.5 20 8.4 
C BLORIDE r g / l  21.0 8 0  41.8 
DISCHARGE m3/sec .001 .88 -124 ___----_----------------------------------------------------- 





STA. ST&. STA. STA. ST&. STA. STA. Sf&. 
DATE 010611 3 3 A  4 9 0 7 0 0 

DAV a 3210 a a i m  a a20 a210 32im 
I (J~LIAN) 



--------------------------------.--------.--------------------------- 
r 

ST&. STA. STA. A .  STA. A .  STA. ST. 
DATE - 012-8 3 3A 4 1 6 7 8 9 

#n. SOLIDS 143 40 110 1- 14 3.0 0s 207 
. (YQ/L) 

N I t M T E - N  4.30 4.21 4.01 4 .  0 .  0 . 1  4 .23 4.79 
I (mO/L) 

3 AVAILABLE-P 3s 2 1 20 19 11 4 23 40 
I (ua/L) 

SILICA 0.3 8.0 11.0 11.0 4.0 0 .7  8 . 0  4.7 
( W L  

YWI DAY 
(DAYS) 



STA. STA. STA. StA. A .  S T .  STA. ST. 
I DATE - 012788 3 3A 4 .  6 l 7 8 9 

I SUS. SOLIDS . 4.3 14.8 0.0 14.7 1.2 1 .  e.7 31.1 
( W L )  - .  

-:A-N 118 110 77 ma 2 1 10 1 0  1740 
( W L )  

NITRATE-N 2.46 4.33 4.12 4.70 #.a0 m.42 6.00 7.80 
( W L )  

. . 
UKUBLI-P S 6 S 9 0 4 32 1108 

I ( W L )  

DAY 3240 3240 3240 3240 2 4 0  3240 3240 3240 
(3ULIAN) 

YQnt DAY 11 11 11 11 11 11 11 11 
(DAVS) 



SALINE VALLRV Cabmmry 10. 1900 

---..---------- -------------------...-..-----.----------------------- --------------------------------.---.-------------------------------- 
ST*. STA. STA. $TA. S T  STA. STA. ST. 

I OATE 021wa 3 3~ 4 8 8 7 a o 

1 CHLORIDE 33.1 5 3b.a JO.2 M.6 2 5 4  60.6 42.5 
( W L )  

I . 0I)C)UROC ,011 1 ,001 1.2@ .040 .220 3.01 . la0 
(wa/aIc  

I DAY 32b4 3284 Jab4 a264 32B4 3 4  3264 3104 
(&LEAN) 

YO(I DAY 
(DAYS) 



SALINE VALLEY II*Mh 4. 1HO 

STA. STA. STA. STA. A .  STA. SfA. ST. 
DATE 030400 3 3A 4 ,  8 7 0 9 

%US. SOLIDS 14 18 10 18 2 2 41  10 
( W L )  
I .  

" i 

NITRATE-N 3.09 3.70 3.23 8 8. -  4 .1 l  3.98 7.06 
(rO/L) 

SOLIBLL-P 0 0 7 @ 10 6 26 34 
( W L )  

I AVAILABLE-P 1 o 11 l a  14 a 2 $8 I) 
( W L )  8 ,.., 

I TOTAL-C 30 48 48 44 10 14 03 90 
( W L )  

TEWERATURL 30 3 1 a1 31 a 1 32 32 30 
(CIHRtNHEIT) 

DAY 3277 3277 3277 a277 a277 3177 3277 3277 
, (JULIUO 

WOCl DAV 14 14 14 14 14 14 14 14 
(OAVS 1 



SALINE VALLIV mrm a, lm.0 

--..----------------------.-*--....----..----.------------------------- -------------------------------.------.----.------------------------- 
STA. STA. S M .  STA. StA. STA. STA. ST. 

OAT E - 03001a 3 3A 4 6 8 7 a 8 

I 
TOTAL-P 07 82 61) O I  20 24 70 03 

(Uo/L 1 



STA. STA. STA. A STA. STA. STA. ST. 
I OAT€ m 032388 3 3A 4 9 6 7 6 9 

I NITRAT C-N 2.06 3.42 0 6  a . M  7 . 2  8 4.37 7.68 
(W/L  

1 W 
h) 

AVAILABLE-P 6 0 9 • 2  2 8 6 

I 
, ( W L )  

SILICA 6 .3  6.1 2 be4 0.6  0.7 4 6  3.4 
( W L )  

VQHT DAY 10 10 10 10 10 10 10 10 
(DAYS) 



A STA. STA. STA. STA. STA a STA. ST a 

DATE 1 0 3 ~ 6  3 3A 4 9 7 1 8 

DAV 3303 3303 3 sma aaoa 3 3 3-3 
, (3ULIAN) 



SALINE VALLCV -11 13, 1WO 

STA. STA. STA. STA. A .  STA. STA. ST. 
OATE 041300 3 3A 4  6 6 7 0 9 

Un. SOLIDS 8 32 17 2@ a 4  8 8  10 
(WL) 

I WKULt-P 4  4  0 4 3 10 10 

Y ( W L  1 
I AVAILABLE-P 16 20 1 I 17 6 4  0 0 

( W L )  

SILICA 7.2 6.1 4 . 9  S O  0 .7  1.2 8 . 9  1.0 
( W L )  



SALINE VALLW -1 1 17. lO60 

STA. STA. STA. STA. STA. STA. STA. ST. 
DATE = 042788 3 3A 4 6 7 8 9 

AVAILMLE-P @ 12 I 8 4 4 4 
(00/L 1 

TOTAL-P 20 PO 2 I a1 20 11 17 40 
( W / L  1 



SALINE VALLLV 11, 1HO 

Sf&. STA. STA. S T  A .  STA. STA. ST. 
I OAT€ -081180 3 3 A  4 6 • 7 8 8 

I WS. SOLIDS 
( W L )  

-1A-N 
( W L )  

1 # AVAILABLE-P 

i ( W L )  
. , 

TOTAC-? 
( W L )  
a , . .  

SILICA 
( W L )  

cmOl1OH 
(l#/L) . . .. 

01 ICMAROE 
(W/SRC 

I TKWIIRATURK 
(CAWKIYILIT) 

. DAV 
(JULIAN) 

Won OAV 14 14 14 14 14 14 14 14 
(DAYS 1 



SALINE VALLIY Llry 18. 1WO 

---------------------------------..-----.--.------------------------- 
ST*. STA. StA. StA. A .  STA. STA. ST. 

DATE - ObleOb 3 3A 4 S 0 7 8 @ 

WS. SOLIDS 7 B 10 3 2 3 6  8 
(wQ/L) 

NITRATE-N 0.72 2.00 0.92 l.U 0.50 0.17 1.08 2 . 4 0  
(I#/L) 

TOTAL-P 2s 40 3a 4 4  a7 29 141 102 
(OQ/L) 

SILICA 13.1 7.2 7 0 0.5 1 5 .9  7.0 
( W L )  

. . 
TRWIMTURE 6 0  6 0  I@ 8 4  cK) 82 0 1 6 8  
((CAMREMIT) 

Xi 
DAY 0348  3348 a340 5a46 4 334b 3 4  3346 

(JUL1AN) 

rrCt DAY 7 7 7 7 7 7 7 7 
(DAVS 1 



SALIHL VALLIV ?II. l.II@ 

STA. STA. S T .  STA. S T  ST&. STA. ST. 
I DATE - osasrr 3 3~ 4 e 7 0 a 

ooiauc~rvt tv  1000 am 
(-1 . 3 .  

WS. SOLIDS 3 0 
( W L  

#M DAY 10 10 10 10 10 10 10 10 
(DAYS) 



SALINt VALLEY a, l@@O 

STA. SfA. STA. STA. STA. STA. ST*. ST. 
OAT E - 060888 3 3A 4 1 8 7 8 9 

..................................................................... 
pH 7.7 7 .8  7.0 7.9 -0 8 .0  8 .2  8 .1  

MI  TRATE-N 0.37 2.26 0.78 1.42 -0 0.83 1.74 1.41 

.. . (rO/L) 

SOLUBLE-P 7 1s 7 20 -0 1 50 100 
I ,(W/L) 

AVAILABLE-P 0 10 8 10 4 7 24 121 , (W/L) 

hl DAY 
(DAYS) 



STA. ST*. STA. STA. ' S T A .  STA. S T .  ST. 
DATE - 002200 3 3A 4 b • 7 8 @ 

I SUS. SOLIDS 2 6 3 6 
( W L )  

NITRATE-N 0.31 1.1@ 0.19 0.73 
( W L )  

TOTAL-P 16 29 29 88 
( W L )  

SILICA 13.4 12.1 13 .0  11.0 
( W L )  



SALINE VALLEY r k t y  0, 1 U O  

S T .  STA. STA. A .  A .  STA. STA. ST. 
OAT€ rn 070688 3 3A 4 6 8 7 8 0 

NXTRAT E-N 1.31 3 .40  1 . 0 1  2 .31  -0 . -0 1.23 1.33 
( W L )  

I 
AVAILABLE-P 4 0 4 7 -0 -0 2 0  2 1 i ( W L )  

2 *;,,. 
I; TOTAL-P 10 2 0  26 4 0  -0 -0 102 107 

tW/L 1 

SILICA 13.9  13.2 13.0 12.7 -0 -0 8 11.11 
( W L  1 

wOCT OAY 
(errs) 

---.-..----------------------------.---------------------------------- 
C. S ta t lo r ,  0 a 7 dry. 



SALINE VALLEV 3uly m. 1980 

STA. STA. STA. StA. ST&. STA. STA. ST. 
I DATE = 072080 3 3A 4 e m  7 8 0 

WS. SOLIDS 1 . 8  4 . 8  3.8 14 -0 29 8 4  SO 
! ( W L )  

" 
OAV 340. 340. 340. WOO -0 340. 340. 3400 

(JULIAN) 

WMT OAV 
(DAVS) 

'. .. .------.----------.----...------...-..--..-...--.-..-------.----------..-- 
C. Statton a dry. 



SALINE VALLCI rkly 10. leO8 

STA. A STA. A STA. STA. STA. &A.  
DATE 072600 3 34 4 8 6 7 0 9 

SUS. SOLIDS 2 . 1  6 . 0  6 . a  11 -0 7 . 2  6 1 17 
, (rn/L) 

NITRATE-N 0 .10  1.03 0 . 6 2  1 - 1 0  -0 14.06 1 - 0 7  1 .30 
( W L )  

AVAI W L E - P  19 6 f 0  -0 9 20 26  
( W L )  

TOTAL-P 2 0  46 B I  70  -0 76 250 227 
. (OQ/L) 

SILICA 14.2 12.7 14 .0  tJ .2  -0 2 12.3 14.3  
( W L )  

.----------------------------------------.--------------------------- 
C. S t a t t o n  0 dry. 



STA. STA. STA. A .  STA. STA. ST&. ST. 
OAT t 0110(18 3 3A 4 b 8 7 1 0 

NITRATE-N 0.09 0 .71  1.41 0.44 -0 -0 1.7 -0 
( W C )  

~ ~ ~ . ~ . ~ ~ ~ ~ ~ - - ~ - ~ ~ ~ ~ ~ ~ ~ - - - ~ ~ ~ ~ ~ ~ . . o o . ~ o o ~ . o . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

I C. Statlono a, 7, & @ dry. 



STA. A .  S T  STA. A .  STA. STA. ST. 
DATE WlbW 3 3A 4 1 8 7 8 9 

NITRATE-N 0 . 3 6  1 .77  0 . 6 3  2 . 3 1  3 . 6 1  4 .77  1 0 . 7 0  
(m /L  

TOTAL-P 
(W/L)  

SILICA 11.1 14.4 14 .0  1 1 7  32 .6  2 3 . 2  12 .0  8.4 
( W L  



SfA. STA. STA. S T  S T  STA. STA. ST. 
OA'fi 1 -2488 3 3A 4 1 a 7 8 0 

camucf I V I T V  
(-) 



SAL1M VALLEY mt- 7.  1988 

STA. STA. STA. S T .  S T .  STA. STA. ST. 
OAT E - 090788 3 3 A  4 6 7 9 9 

mNWcTXVITV 0 2 0  
(uom) 

WS. SOLIDS 1 - 6  
. ( W L )  

-1A-N 4 0  
,, ( W / L )  

NITRATE-N 2.00 
. ( W L )  

W U I I L I - P  
(UQ/L 

1 
a AVAfLAILt-P 9 
4 ( W L )  

' tori'-r 4 3  
( W L  

. S f  LICA 13 .9  
( W L )  

CMLORIDE 34 .2  
! W L )  

0XI)CWRQL: . 037  
:,! fm/SEc 1 
'I&I)IRATURL 6 4  
(racHntt) 

DAY 3467 
( 3 U L X U o  ... 

rwI DAV 14 
(DAYS) 



STA. STA. STA. STA. S T .  STA. STA. ST. 
DATE - 082OS8 3 3A 4 B 6 7 8 8 

I SUS. SOLIDS 2.0 10 18 a8 4.1 19 42 8.4 

( W L )  

J 
TOTAL-I 

( W L )  

OAV 3470 3470 5470 5410 a470 3470 5470 5470 
(JOLIAN) 



S T  STA. StA. S t .  StA. STA. ST&. ST. 
OATE m 092766 3 3 A  4 b 7 0 0 

SlJS. SOLIDS 
( W L )  

N I T  RATE-N 
( W L  1 

AVAILABLE-P 
, ( W L )  , 

TOTAL-I 
W L )  

S IL ICA 
, ( W L  



STA. STA. STA. S T .  STA. STA. STA. ST. 
I DATE 101300 3 3A 4 8 0 7  8 9 

I 
TOTAL-c t o  10 lo a 100 70 00 a3 

( W L  1 

s I L 8 a  14.0 12.1 11.0 12.8 29.1 ld .9  12.6 7 . 7  
( W L )  



STA. ST&. STA. A .  STA. STA. STA. ST. 
OATC 102008 3 3A 4 B 7 8 @ 

SUS. SOLIDS 36 17 1 3 1  1.2 1 .0  92 20  
( W L )  

NITRATE-N 
( W L )  

TOTAL-P 
( W L )  

Sf LXCA 10.2 10.1 lo.@ 10.8 14.6 12.9 0.3 10.2 
( W L )  

YQHI DAY 12 12 12 12 1 1 12 12 12 
(DAYS) 



STA. STA. STA, STA. A .  S T .  STA. ST. 
OATH - 110380 3 3 A  4 9 0 7 8 S 

s0l.Ul.I-P 6 

I' 
( W L )  

' ,ji AVAILABLE-P 6 
h) ( W L )  

OAV 3B14 3B14 1 3114 a914 3914 6114 3B14 
(JUL1AN) 



STA. STA. S T  S T  STA. ST&. STA. ST. 
DATE - 1110118 3 3A 4 I 8 7 8 9 

WNWCTIVXTV aro 160 3 450 rrlo reo 800 460 
(WWW) 

SUS. SOLIDS 748 218 47a 120 7a 1.0 41 178 
( W C )  

NITRATE-N 8.22 0 7.18 7.83 11.14 14.77 9.77 12.14 
( m / L  

1 .  
AVAILABLE-P 38 40 44 I 2  42 20 30 40 

0 (Ue/C) 



SALINE VALLtV Wawkc 21, l#OO 

---.-------------------------------..*.--*.--------------------------- ................................ .---....-.---------------------------- 
STAB STA. ST*. S T  STA. STA- ST&. ST. 

I OATE ,, 112180 3 3 A  4 6 6 7 0 0 

I 
TOTAL-P 200 1SS 2 1 0  140 7 1  0 0  120 290 

( W L )  

CHLORIDE 20.0  21.3  20.7 2 62 .8  46.4 S1.S 34.6 
(rO/L) 

rOIT DAV 
(DAVS) 



ST&. STA. $ T I , .  S T  A .  STA. STA. ST. 
b A T t  120188 3 3A 4 8 6 7 8 9 

NITRATE-N 4 . 4 9  1 . 3 2  4 . 8 8  8 . 4 4  1 1 . 9 4  1 6 . 3 0  7 . 3 2  12.07 
. (rO/L) 

' TOTAL-? 42 40 am ao I 37 140 0 4  
( W L )  



SALINE VALLEY D 0 C m b . r  21. 1988 

STA. STA. STA. STA. STA. STA. STA. Sf. 
DATE = 122188 3 3A 4 S 6 7 8 9 

CONOUCTIVITV 990 900 900 940 900 700 1000 800 
( UWHS ) 

I SUS. SOLIDS 8 .0  2e 0 . 8  1e 2.3 2 . 0  3 .7  4 .9  
(Ma/L) 

AMMONIA-N 281 99 95 103 23 2 3 57 67 
(UQ/L 

NITRATE-N 4 .46  5.69 3 .80  8.33 7.79 13.15 5.15 5.98 
(MQ/L ) 

SOLUBLE-P 4 3 3 4 4 6 30 19 
(UQ/L 1 

I 
AVAILABLE-P 6 6 6 7 7 4 16 

yl 
4 0 

Q\ (UQ/L) 
I TOT AL-P 18 55 25 33 10 12 73 4s 

(UQ/L 1 

S IL ICA 12.6 8 .3  0 . 1  40.1 4 .9  7 . 1  10.0 8 . 3  
(I)Q/L) 

CHLORIDE 33.4 2 3 . 0  3 0 1  a1.1 31 .8  71.0 40.4 
(IIQ/L) 

DAY 3562 3562 3562 3102 3562 3562 3-2 3562 
(JULIAN) 

W T  DAY 20 20 20 20 20 20 20 20 
(DAYS 1 



APPENDIX C 

chemical Data for S t a t i o n s  P e r  Sampling Date 
(Graphic Presentation)  
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 able . S e a s o n a l  l o a d i n g s  f o r  s t a t i o n  3 A  

-__---------------------------------------------------------- 
Dee. 87-  Uar. 8 8 -  Jun.  88-  Sep .  88-  
Feb.  8 8  Hay 8 8  Aug.  8 8  Nov. 8 8  

Suspended S o l i d s  7 5 1 . 0 0  2 7 2 . 6 3  9 . 5 2  2 5 2 6 . 5 1  
(mt 

Ammonia-Nitrogen 3 . 2 4 5  0 . 7 4 0  0 . 1 0 3  1 . 5 5 9  
(mt)  

N i t r a t e - N i  t r o g e n  1 2 3 . 3 7  3 3 . 8 3  2 . 4 2  1 5 4 . 4 6  
(mt)  

S o l .  R e a c t .  Phos .  0 . 5 4 7  0 . 0 6 5  0 . 0 1 1  0 . 9 0 0  
(mt)  

A v a i l a b l e  Phos. 0 . 3 6 8  0 . 1 2 9  0 . 0 1 0  0 . 5 4 7  
(mt 

T o t a l  Phosphorus 2 . 0 9 5  0 . 5 1 3  0 . 0 4 6  2 . 5 3 2  
(mt)  

S o l u b l e  S i l i c a  1 2 8 . 1 9  5 6 . 2 8  1 7 . 2 7  1 2 4 . 2 9  
(mt)  

C h l o r i d e  
(mt) 



Table . Seasonal loading8 for station 4.  

............................................................. 
Dee. 87- Har. 88- Jun. 88- Sep. 88- 
Feb. 8 8  Hay 8 8  Aug. 8 8  Nov. 8 8  ---------------------------------.--------------------------- 

Suspended Solids 313 .21  1 0 . 3 1  0 . 3 0  1021 .39  
(mt > 

Ammonia-Nitrogen 0.164 0 .025  0 . 0 0 1  0.245 
(mt 1 

Nitrate-Nitrogen 11.79 1 . 4 6  0 . 0 2  1 9 . 6 3  
(mt > 

Sol. React. Phos. 0 . 1 1 2  0 .005  0 . 0 0 1  0 .282  
(mt > 

Available Phos. 0.104 0 . 0 0 6  0 . 0 0 1  0.109 
(mt > 

Total Phosphorus 0 . 4 9 4  0 . 0 2 6  0 . 0 0 1  0 . 7 5 1  
(mt 1 , 

Soluble Silica 1 1 . 4 0  2 .59  0 . 3 0  16 .78  
(mt 1 

Chloride 
(me) 



Table  . S e a r o n a l  l o a d i n g s  f o r  a t a t i o n  5 .  

............................................................. 
Dee. 87-  Mar. 88 -  Jun. 88-  S e p .  88-  
F e b .  8 8  Way 8 8  Aug. 8 8  Nov. 8 8  ------------------------------------------------------------- 

Suspended S o l i d s  2 0 7 4 . 5 2  2 2 5 . 3 6  6 0 . 0 0  6 5 5 7 . 1 5  
(mt) 

Ammonia-Ni t r o g e n  3 . 3 5 1  0 . 8 5 7  0 . 1 3 1  2 . 3 1 9  
(mt 

N i t r a t e - N i t r o g e n  1 5 1 . 7 9  3 6 . 2 3  1 . 7 4  1 6 5 . 1 7  
(mt) 

S o l .  R e a c t .  Phos .  0 . 8 9 9  0 . 1 0 1  0 . 0 1 9  1 . 5 0 4  
(mt 

A v a i l a b l e  Phos .  0 . 7 7 3  0 . 1 4 0  0 . 0 1 8  0 . 8 8 8  
(mt) 

T o t a l  Phosphorus  3 . 4 3 1  0 . 5 5 2  0 . 1 0 4  4 . 3 4 9  
(mt 

S o l u b l e  S i l i c a  1 5 8 . 1 8  6 6 . 7 6  1 8 . 8 7  1 5 4 . 7 5  
(mt) 

C h l o r i d e  
(mt) 



T a b l e  . S e a s o n a l  l o a d i n g s  f o r  s t a t i o n  6 .  

----------- - - - - - - - - - 

Dec.  87- Mar. 88-  Jun.  88- S e p .  88- 
F e b .  8 8  May 8 8  Aug. 88 Nov.  8 8  

Suspended S o l i d s  1 6 . 1 1  1 . 7 4  0 . 0 1  3 5 . 6 8  
(mt)  

Ammonia-Nitrogen 0 . 0 3 1  0 . 0 1 4  0 . 0 0 1  0 . 0 4 1  
(mt > 

N i t r a t e - N i t r o g e n  12.50 2 . 8 1  0 . 0 0 2  1 0 . 6 7  
(mt>  

S o l .  R e a c t .  Phos .  0 .037  0 . 0 0 4  0 . 0 0 1  0 . 0 6 1  
(mt > 

A v a i l a b l e  Phos .  0 .013  0 . 0 0 2  0 . 0 0 1  0 . 0 2 6  
(mt > 

T o t a l  Phosphorus  0 . 1 1 8  0 . 0 1 3  0 . 0 0 1  0 . 1 5 3  
(mt)  

S o l u b l e  S i l i c a  8 . 1 5  1 . 0 2  0 . 0 9  7 .02  
(mt > 

C h l o r i d e  
(mt)  



T a b l e  . S e a s o n a l  l o a d i n g s  f o r  s t a t i o n  7 .  

________----------------------------------------------------- 
Dee. 87- Mar. 88- Jun.  88- Sep .  88- 
Feb.  88 May 88 Aug. 88 Nov. 88 

Suspended S o l i d s  6.04  4.33 1.17 5.46 
(mt)  

Ammonia-Nitrogen 0 . 0 6 1  0.030 0 . 0 0 8  0.077 
(mt)  

N i t r a t e - N i  t r o g e n  27.11 6.62 0.65 22.09 
(mt ) 

S o l .  R e a c t .  P h o s .  0 .021  0.007 0 . 0 0 1  0.044 
(mt)  

A v a i l a b l e  Phos. 0.012 0.005 0 . 0 0 1  0.020 
(mt 1 

T o t a l  Phosphorus  0.100 0.031 0 .007  0.093 
(mt) 

S o l u b l e  S i l i c a  18.08 4.38 1 .93  12.15 
(mt)  

C h l o r i d e  
(mt)  



Table  . S e a s o n a l  l o a d i n g s  f o r  s t a t i o n  8 .  

............................................................. 
Dee. 87-  Mar. 88 -  Sun, 88-  Sep.  88-  
Feb. 8 8  May 88-  A u g . 8 8  Nov. 8 8  ............................................................. 

Suspended S o l i d s  1 6 8 7 . 0 8  6 3 4 . 9 7  2 7 9 . 3 0  9 0 1 . 0 8  
(mt 1 

Ammonia-Ni t r o g e n  6 . 8 3 3  1 . 7 7 1  0 . 1 4 6  1 . 1 4 3  
(mt > 

N i t r a t e - N i t r o g e n  2 3 7 . 6 8  5 9 . 2 0  5 . 6 0  1 3 6 . 7 2  
(mt)  

. S o l .  R e a c t .  Phos. 1 . 9 3 1  0 . 3 7 7  0 . 1 8 2  0 . 7 0 1  
(mt > 

A v a i l a b l e  Phos .  0 . 8 5 7  0 . 2 6 0  0 . 0 9 8  0 . 4 7 3  
(mt > 

T o t a l  Phosphorus 5 . 4 5 3  1 . 6 1 9  0 . 8 2 5  2 . 7 8 1  
(mt > 

S o l u b l e  S i l i c a  2 8 9 . 8 6  1 0 0 . 5 1  4 2 . 1 0  1 7 1 . 7 2  
(me) 

C h l o r i d e  
(mt)  



Table . S e a s o n a l  l oad ings  f o r  e t a t i o n  9 .  

_______--___------------------------------------------------- 
Dee. 8 7 -  Mar. 8 8 -  Sun. 8 8 -  Sep .  8 8 -  
Feb. 8 8  May 8 8  Aug. 8 8  Nov. 8 8  

Suspended S o l i d s  1 7 9 . 9 7  1 4 . 4 7  0 . 7 3  4 1 2 . 2 5  
(mt) 

Ammonia-Ni trogen 1 . 0 7 8  0 . 0 8 1  0 . 0 1 3  0 . 1 6 1  
(mt) 

N i t r a t e - N i  trogen 1 9 . 9 8  5 . 7 3  0 . 1 1  1 8 . 6 2  
(mt) 

S o l .  R e a c t .  Phos. 0 . 3 3 5  0 . 0 2 3  0 . 0 0 4  0 . 1 2 7  
(mt) 

A v a i l a b l e  Phos. 0 . 0 6 0  0 . 0 0 8  0 . 0 0 1  0 . 0 4 9  
(mt 

T o t a l  Phosphorus 0 . 6 8 1  0 . 0 5 8  0 . 0 0 7  0 . 3 8 5  
(mt) 

S o l u b l e  S i l i c a  1 3 . 8 7  4 . 2 8  0 . 4  9  1 0 . 2 1  
(mt) 

C h l o r i d e  
(mt) 





Tab le  . Annual  L o a d i n g e  f o r  December 1987  t o  November 1988. 

......................................................................... 
S t a .  S t a .  S t a .  S t a .  S t a .  S t a .  S t a .  S ta .  

3  3A 4  5  6  7 8  9 ......................................................................... 
Suspended f o l i d s  426 3 5 6 0  1345 8917 5 3  16 3502 604 

( m t  y r -  1 

Ammonia-Nifrogen 0.30 5 . 6 5  0 .43  6 .66  0 .09  0 .18  9 .89  1.33 
(mt y r -  1 

A v a i l a b l e  r h o s .  0.07 1 . 0 5  0.22 1 .82  0 . 0 4  0.04 1 .69  0.12 
(mt y r -  1 

T o t a l  Phosphorus  0.36 5 . 1 9  1 .27  8 .44  0 .28  0 .23  10 .68  1.13 
( m t  y r -  

S o l u b l e  S i f  i c a  20.6 3 2 6  31.1 399 16 .3  36.5  6 0 4  28.9 
( m t  y r -  1 

C h l o r i d e  73.5 1 1 2 7  110 1464 1 4 8  170 3818  153 - 
( m t  y r - l )  

D i s c  a r  e 
( l o b  mg y r - l l  





S A L I W  VALLEV WELL SAMPLES March 23. 1 0 1 8  

WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL 
FILE-WELL032388 A 9 C 0 E F 0 H I J K L 

CONOUCTIVITV 1600 1- 1600 2000 1100 700 2 2 0 0  --- 1 2 0 0  loo0 600 1 1 0 0  
( UrroHS ) 

AMMONIA NITROGEN 1 2  2 4  2 1 4 7  4 6 0 0 0  1 3  7 6  - - 3 0  3 1 6  8 2  905 
(uQ/L) 

NITRATE NITROQEN 3.07 18.79 1.06 0.23 0 . 1 0  1.83 0 . 4 3  -.-- 0 . 2 6  0 . 2 5  0 . 1 0  0.10 
(IM/L) 

SOL. REACT. PHOS. 6 67 151 8 8 8 4 - - 3 3 0  6 5 2 0 1  
(ua/L 

S I L I C A  
(WQ/L) 

I CHLORIDE 309.8 110.0 2 1 8 . 4  2 0 7 . 3  89.0 3 . 1  254.6 - - -  . 89.3 136.9 8 . 7  1 0 0 . 0  
a0 (WO/L) 

I WATER CLLVAT I O N  07.38 9 2 . a 1  93.99 76 .20  7 8 . 1 0  7 4 . 9 8  06.13 --.-- 0 3 . 4 5  - - . - -  --  -- --  -- 
( F T )  

TEYPCRATURE 4 4  4 6  4 4  9 2  S 1 4 9  4 4  - - 4 4 6 2 5 1 4 2 
(FAHRENHEIT) 

TIME 
(HOURS ) 





SALINE VALLEY PROJECT 
RURAL CLEAN WATER PROGRAH 

BEST W6WENT PRACTICES XNSTALLEO 

STATION 13 

DATE BEST MANAGEMENT PRACTICES 
m1 BMP-2 Animal Waste hnagement System - spreading plan 
nby BMP-8 Cropland protective ~ y s t e k  - crop i o ta t i on  plan 
Hay BMP-9 Conservation T i 1  1age 
August BHP-11 C r i  t i c a l  Area Seedi ng 
November BW-2 Animal Waste Management System - spreading plan 

Apr i l  BMP-2 Animal Waste knagement System - spreading plan 
Hay BMP-8 Cropland Protective System - crop rotat ion plan 
Hay BMP-9 Conservation Ti1 1 age 
May BMP-1 Permanent Vegetative Cover - Pasture & Hayland Mgt. 
August BMP-11 Cr i t i ca l  Area Seeding 
Sept. BMP-7 Grassed Watemay 
Novem. BMPf2 Animal Waste Management System - spreading plan 

STATION 14 

Apr i l  BW-2 Animal Waste Uanagement System - spreading plan 
WY BMP-8 Cropland Protective System - crop rotat ion plan 
Hay BMP-9 Conservation Ti  1 1 age 
Hay BMP-1 Permanenet Vegetative Cover - Pasture & Hayland Mgt. 
August BW-2 Animal Waste System 
Mov. BEIP-2 Animal Waste Uanagement System - spreading plan 

STATION 15 

b y  BMP-8 Cropland Protective System - crop ro ta t ion plan 
h~ BMP-9 Conservation Ti1 lage 
Nov. BMP-2 Animal Waste Systea 

STATIONS 6 7 

NO WP's ESTABLISHED, ALL CONTRACTS (IOMPLElED 

STATION 19 

AH0uN-r 
7 4 e s  
347.5 acres 
71.3 acres 
1.8 acres 

44 acres 

86.9 acres 
618.8 acres 
239.7 acres 
116.3 acres 

.3 acres 

.5 acres 
86.9 acres 

70.4 acres 
144.4 acres 
85.8 acres 
15.7 acres 
1 No. 

70.4 acres 

542.2 acres 
174.9 acres 

1 No. 

Apr i l  BMP-2 Animal Waste Hanagerrrent System - spreading plan 418.5 acres 
BMP-8 Cropland Protective System - crop rotat ion plan 1,205.2 acres 

MY BMP-9 Conservation T i  1 1 age 314.4 acres 
MY BMP-1 Permanent Vegetative Cover - Pasture & Hayland. Hgt. 14.3 acres 
Sept. BHP-7 Grassed Watemay 1.2 acres 
Oct. BMP-8 Cropland Protective Systm - cover & green manaure crop 8.1 acres 
Nov. BMP-2 Animal Waste Hanag-nt System - spreading plan 318.5 acres 




