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AB ST RACT

Sal  j  ne seeps are recent l  y  devel  opeq sal  i  ne soi  I  s  ' in  noni  r r i  gated

areas  tha t  a re  wet  some o t  a l i  o f  the  t ime,  o f ten  w i th  a  wh i te  sa l t

c rus tn  and where  c rop  or  g rass  produc t ion  is  reduced 0r  e l im ina ted .
Sal . ine seep f ,as a l ready a i fected about  

. |40,000 acres (about  220 square

r i i * i i  r i - l rop land in  i ton tana,  and cou ld  po lg l t ia l l y  a f fec t .a  to ta l  o f
. |7 ,000 square  mi les  o f  land  in  the  s ta te .  Th is  repor t  examines  the
g.6 iog ic ,  i r imat ' i c ,  and i ino  use  s i tua t ions  wh ich  have combined to
proau. . - ia l ine  seep.  Sa l ine  seep sys tems have four  components :  recharge '

subsur face ,  d ischarge,  and over l ind-dra inage.  The las t  two components

af fect  the Uio ipn.r .  v iu the soi l  and sur f ice water  systems. The^report
f i rs t  examines  impacts  o f  sa l ine  seep on  ecosys tems both  a t  the  d ischarge

s i te  and downst ream.  A l te rna t ives  fo r  mi t iga t ' ion  o f  sa l ine  seep are

then discussed and examined for  thei r  own envi ronmental  impacts-
Research for  th is  report  ionsisted of  :  A rev iew of  l  i terature perta in ' ing

to  sa l ine  u* .p  una tbx i .o iogy  o f  subs tances  found in  sa l ine  seeps ;  and

f je ld  and te lbphone in te rv lews w i th  research  personne l ,  ve ter inar ians '
ra rmersn  s tockmen,  and o thers  knowledgeab le  about  th is  p rob lem.

New mater ia l  (Appendix C) by ecologist  Loren Bahls reports recent

deve lopments  in  sa i ihb  seep mon i io r ing  ind  cont ro l .  New data  on  the

extent  of  the prob' lem, current  resear ih in contro l  s t rategies,  and

ac t iv i t ies  o f  the  1g75 tu ton tana Leg is la tu re  on  sa l ine  seep are  summar ized.

Thjs report  was prepared as a Resources Development. Interns-hip .
pro jec i  under the rponrol in ip of  western Interstate Comm' iss ion fg. - ! igner

l ; ; ; i i ion [r^l icHri ina in. Montana E;; ironmenta] Qual i  tv counc!l  (EQc) .
F"oject  aOvi ; ; ra were arawn f rom EQC, Montana Department of  F ish and

Game, Bureau of  M. ines and Geology,  Department of 'Heal th and Environmental
Scjences,  and the Department of  State Lands'

[ *
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PREFACE

The Env i ronmenta l  Qua l i t y  Counc i l  (EQC)  began i t s  coverage o f  sa l ' ine

seep jn i ts  F i rs t  Annqq!  Report  dated 0ctober 1972'  This came at  a

time when te" pe-oplffi-montffi, other than those directly affected'

had heard of  the Probl  em.

The fo l lowing spr ing the Governor assembled an emergency co_mmit tee

on sal ine seep to"galher  resources and to make recommendat ions for
prevent ion and coniro l .  A representat ive of  the EQC was appointed to

that  commit tee.

The EQC Second Annua l  Bgpor ! -  con ta ined an  ar t i c le  by  Marv in  Mi l le r

o f theMontan f f ieaoor -M i .aGeo1ogya !dLorenBah lso fEQc '
which was an at tempt to re late the st ructura l  causat ive components of

sa l ine  seep to  rea i  and po t .n i iu r  env i ronmenta l  impacts  and to  env i ron-
menta l l y  sound cont ro l  s t ra teg ies .

Th is  repor t  by  Michae l  Har low is  the  la tes t  in  EQC's  e f fo r ts
toward  ma in i l i n ing"u  teg is la t i ve  overv iew o f  the  sa l ' i ne  seep  p rob lem'

The report  i i  i * .hnical ' .nough to be of  some value to professional

workers  in  the  f je ld ,  unJ  r 'op . t r r rv  readab le  and unders tandab le  enough.

to  ass js t  ta rmers ,  l eg is la to rs ,  an i  government -o f f i c ' i a l s  in  unders tand ing

the  prob lem and in  app ly ing  appropr i i ie -cont ro l  measures '  Mr '  Har low 's

report  . is  wr. i t ten f rom an 6nvi ronmental  perspect ive and f rom th is  stand-
po in t  i t  i s  eas i l y  the  *os i  comprehens ive  t rea t ise  y9 !  assembled  on  the

sub jec t  o f  sa l jne  seep  in  Montana .  
-Hop . I r l l v l  

j t  w t t t  genera te  add i t i ona l

in fo rmat ion  and da ta ,  fo r  the  repor t  i ;  in tended as  an  ou t l ine  o f
possi  b i  I  i  t - ies,  a f i  rs t  i t .p  towarO del  i  neat ion of  the envi  ronmental

scope o f  the  sa l ine  seep Prob lem.

Loren L .  Bah ls
Hel  ena

1 1 1
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tAr'D Sunrnce Svsrcms

Geol  ogls Set t ing

sa l ine  seeps  o r ig ina t ing  in  Montana ,s  va luab le  d ry land  agr i cu l tu ra l

a reas  have c rea ted  growing  concern ,  q r ,mar i l y ,because o f  the  a la rming

acreages of  previously f r ig f r iV product iue gr l l i t land which have been

rendered useress  fo r  . .op i in "g . '  A i i  o f  ih .  28  count ies  in  Montana wh ich

repor ted  sa l ine  seep Aamaie  iu r ing  the  year  1973 (52)*  a re  loca ted

easr  o f  the  Rocky  Mbunta i i i  i ;  t h ;  Grea t  P la ins  (Sge  Tab le . l '  p ' l l ' )

The most  extensive outbreiks are tounJ tn the noi thern part  of  th is

reg ion  in  a reas  under ra rn -nv  g tu r iu f  i i i l  o f  p le i s tocene  age  ( . l 52 ,33 ,

z rg ) ,  bu t  sa r ine  seeps  u i r . -o i cu ,  i n  non-g lac ja ted  por t ions  o f  the  s ta te '

and in other  regions of  the northern er .ut  p la ' ins in neighbor ing states

and  p rov inces .

0ccur rence and charac ter js t i cs  o f  sa l ine  seeps^are  i l l imate ly

connected wi th the geologi .  s t ructures near the sur face;  these in turn

are largely Oet . t* i ied nV maior  geologic events of  the past '

In land mar ine  sha les  o f  the  co lo rado Group,  depos i ted  in  Lower

cre taceous . t ime in  an  ' in land sea wr r ic r r  covered 'Montana '  were  up l i f ted .

in  the  west  dur ing  Upper  Cre taceous Jna-Eq. fy  ]e r t ia ry  pgr lods '  Eros ion '

keep ing  pace w i th  up l i f to - i .ue fed  the le  f i rs i  Rocky  Mounta ins  in to  a

broad , nearl y I  evel penepl a i  n. Jf ' -q sediments , transported 'eastward

as  sands  and mud by  the  ances t ra l  M issour i  and Ye l lowstone R ' i vers '

were spread above lhe *a i ine shales in centra l  and eastern Montana.

These sedimentary st rat i  became the sandstones and shales of  the Lance

Format ion of  upper cretaceous d9e,  una the Fort  union Format ion of  Ear ly

Tert - i  ary age.  
- '  

breat  t  a i io t  i  tn  in t rus ions formed next  ,  b]  i  s ter ing the

l  evel  p l  a. ins and formi  ng- i r , .  i l r  and mountains of  centra l  Montana '

A luv ia r  depos i ts  f rom I i ssec t ion  o f  i t rese  h lsh lands  soon b lanketed

the  sur round ing  p la . ins ,  fo rming  the  F lu*u i l16  Grave ls  now found a top

the uppermost i lembers oi the foit  Union Formation ( l  52) '

The pre-g1  ac- ia1  Mjssour i  and Ye l lowstone R ivers  and the ' i r  many

t r . ibu tar ies  began the  d issec t ion  o f - the ie  re la t i ve ly  1eve1 sed imentary

lands ,  cu t t ing  broad channe ls  in to  the  p la ins .  The down-cu t t ing  r i vers

le f t  beh ind  up land benches comple te-w i t i r  d iscont inuous  lenses  o f  a l luv ia l

sands  and grave ls .  The grea t  r i ve is " .u .n iuu l l t  d ra ined in to  Hudson 's

Bay.  Then great  s t ructu ia l  warps formed ' in  eai tern and centra l  Montana'

c rea t ing  br6ad domes and arches .  Eros ion  t runcated  these h ' igh lands '

expos ing  the  sa l ty  sha les  o f  the  co toraoo Group and o ther  o lder  s t ra ta

( i5;-r 5i) i iu*-ri i ' ."- j  i .
The Quaternary  Per iod  brought  the  g lac ia f  i ce  o f  the  Keewat in

cont inental  sheet  southward f rom canada" in at  least  four  major ,advances

and retreats.  0n1y the last  two 1; ia thei r  mark upon.  Montana (See

F igure  ? ) .  The  I l i i no ian  th rus t  b locked  the  anc ien t  M issour i  R ive r '

*Footno tes  beg in  on  p .  7 . l .
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FigUfe 1 . Map Showing Structural Trends in Montana. Deformation iD westcrn Monlarrd durirf thc nrrking ot

the Rocky Mountarns **l i;,t- i l  ;; i ; i i i irg-i"a 
-ureaxilg 

ifoldins and raulting) ot otrcc rr(orlv horiz('nlI|1

strata on an enormuus *"G. 
"c"irf 

iril""iiiiiS *"i t"tiit cietaceoui ana carlv 'fortirrrv N.rth of Miss('rrltl

Jolds and faulls show a rrorihwesterly trend' but southeast of Butte major structural ttrnds show .| roughly
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C O N T I N E N T A L  M O U N T A I N

t f l i c c o n s l n  l l l i n o l o n  6 L A C I A T I O N

Fiqure  2 .
Areas of Glaciation in Montana. .q, general composite map showing areas wherc glacidtion oc(:rrtrcd

Glacial ice in thc Dorthern Rockies was both Cordilleian ice $'hicu movod irr honr Canada, nnd mt)utrt in gl -
ciers. They mcrged together. Ice developecl in both lllinoiar. (?) stagc and \.fisconsin stagc in thc nnrurlhrrls
as well as on the plains. Ice from the mountain glaciers floweq .low[ creek vallcys to lo',ver cl!votir]lls
where i t  rnelted, cven in Yel lowstone River val lcy south of Livingston. Wherc contiq(.ntal i lc luovod ncr{}. :s
valleys, such the Missouri River, Yellowstone River, and the Clark Fork of Columbiu lliver, lalge lrkes d!-
*t"n"l,tt.:_l:'t ut tne rce' (152) '
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fo rc ing  j t  to  f low eas tward ,  cu t t ing  the  Shonk in  Sag a lq  in te rcept ing
the  yeTtowstone near  G lend ive .  The-Wiscons in  s tage,  wh ich  was the  las t
* i jo r  sou thward  th rus t  o f  the  ice  dg€n erased most  t races  o f  the  I l l i no ian
g fuc ia t ion ,  and  la id  a  near l y  leve l -b lanke t  o f -g round  mora ine  ac ross  the
io r thern  t f r i ra  o f  the  s ta te .  Th is  mora ine  f i l l ed  and obscured the  anc ien t
va1 

' leys 
of  the pre-g1 acia l  dra inage system, created the basis of  the

prese"nt l  andscape anO topography of the state north of the Mi ssouri
i t iver ,  and formed the paient  maier ia l  for  the r ich dry l  and soi  I  s  whi  ch
today  b lanke t  the  reg ion  (152 ,  2 ]9 ) .

Ent renched in  i t s  p resent  channe l ,  the  Missour i  R iver  sys tem was
jo ined by t r ibutary st reams drain ing southward across the mant le of

! lac ia l  i t t t .  To  i l re  south  in  the  i reas  un touched by  g lac ja1  ac t ] .v i t y ,
[ f ' *  topography cont inued to roughen as the r ivers enia iged thei r  "breaks"
uv- . ;a t ing  ba lk  a long cou lees  i i to  h igh ' land benches qnd p la teaus .  0n
t "he  near l i  teve t  up l ind  t i l l ,  depressTons anc l  i r regu la r i t ies  h indered
the  es tab i i shment  o f  over land Or i tnage in  many areas ,  and land locked
potho' le lakes were common (33).

Nat ive  Pra i r ie  Ecosys tems

Evo lu t ' i on .  The  q lac ' ia l  t i l l sn  genera l l y  der i ved  f rom mar ine
sed ime i f f i 1a ined ;1argevar ie i y -andquan t i t yo fso ]ub ]esa ] ts
and t race  e lements .  Event i la l l y  the  sa l ts  were  leached ou t  o f  the- lpPg l -
most  layers ;na p. i *a.y vegetat tve succession began.  Af ter .  over  l5 '000
years  o?  success ion ,  c i tma i  mixed pra i r ies  came io  ggcup l  the  g lag ia ted
iunOi  (7 ,  i+g ) .  tn l the i r  i nven to ry  s tudy  o f  the  so i l_and  vege ta t ig l ^ ,
o f  near -pr is t ine  range land pra i r ie  s i tes  ' in  Montana '  Ro:s  gL  g ! ' , !191)
found th ; t  ta l l ,  h ig [ l y  p roduc t ive  grasses  such as  rough fescue (Fes tuca

;; i l ;-it j i  dominatei the' commun jtiei, 
"iu, 

only i smat T percgnlade-fl
f f i  gra ises ,  forbs ,  and shrubs.  The c l  imax_ prai  r i  e  communi  t i  es
evo lved as  an  in tegr i ted  response to . the  complex  o f  env i ronmenta l
fac to rs  mak ing  rp  i f ' e i .  hab i ta t  (2 . |7 ) .  0n  the  Great  P la inso  the  two
*oi t  importan[  factors contro] l ing vegetat ive cornmuni t ies are the water
conten t  o f  the  so i l ,  and  the  humi i i t y - (217) .  Through deve lopment .o f
a  dynamic .qu i l ib r ium among these f i ce ts  o f  the  water  cyc le  and the
in te rue la ted  cyc les  o f  nu t r ien ts ,  f low o f  so la r  energy ,  and spat ia l
d i s t r ibu t ion  o?  p lan ts ,  the  b io t i c  and  the  ab io t j c  resources  o f  the
Great  p la ' ins  evo lved in to  a  d iverse  ecosys tem wh ich  was h igh ly  res i l ien t ,
ye t  a t  the  same t jme possessed grea t  long  te rm s tab i l  i t y '

Cl imate and So' i  ls .  The parent  rock became de.epening soi l  under
the  a  t i veO i rpon  i t .  Dr .  J .  E"  Weaver ,  a  l i f e long
s tudent  o f  the  Amer jcan pra i r ie ,  wro te :

Soi  I  s  and vegetat ' ion are c l  osely re l  ated,  in t imately
mjxed,  and highly interdependent  upon each other and upon
the c l  imate.  

-Tha 
grasstaha vegetat ion has exerted a powerfu l

in f luence  as  a  so iT  bu i lde r .  P lan ts ,  wh ich  in t roduce  the
l i v ' ing ,  b jo log ica l  fac to r  in to  so i l  fo rmat ion ,  re tu rn  much
more to the s6i t  than they take f rom i t .  In  fact ,  thei r
ro le  in  so i l  genes is  i s  o f  such fa r - reach ing  e f fec t . l l l u t  i t
i s  genera l l y  ionceded tha t  there  cou ld  be  no  so i l  w i thout
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vegeta t ion .  The grea t  s tab i l i t y  o f  the  pra i r ie ,
resu l t ing  ' in  par t  f rom the  long l  i fespan o f  many spec ies ,
denotes a h igh degree of  equi l ibr ium between vegetat ion,
soi l  ,  and c l  imate (212).

Annua l  p rec ' ip i ta t ion  averages  about  l0  to  15  inches  ' in  the  g lac ia ted
reg ions  o f  cen t ra l  Montana,  and s l igh t ' l y  h igher  in  the  eas tern  sec t ions
and a t  h igher  e leva t ions  on  the  p ' la ins .  Annua l  C lass  A pan evapora t ion
po ten t ia l  i s  40  to  50  inches  (4 t1 .  The  c l imate  i s  t rue  con t inen ta l  (124) ,
w i th  w ide  tempera ture  ex t remes and a  seasona l  d is t r ibu t ion  o f  p rec ip i ta t ion .
Most  o f  the  annua ' l  p rec ' ip i ta t ion  fa l  I  s  dur ing  May,  June,  and Ju ly ,
fo l low ing  shor t ' l y  beh ind  (o r  co ' inc id ' ing  w i th )  t f re  me1 t ing  o f  the  snowpack .
Snow cont r ibu tes  about  20  percent  o f  the  annua l  p rec ip i ta t ion .  C l imax
pra ' i r ie  commun ' i t ' i es  responded to  the  demand ing  loca l  c l  imat ic  cond i t ions
th rough  var ious  s t ra teg ies ,  such  as  spa t ia l  re la t ionsh ips  in  roo t ing
hab i t ,  tempora l  d is t r ibu t ion  o f  reproduc t ive  ac t iv i t ies ,  and emergency
dormancy capabi l  i t ies (217).  But  the p lant  cornmuni ty  was not  merely a
pass ' ive respondent  to env j  ronmental  condi t ions imposed by the microcl  imate.
Through t jme and the  processes  o f  g rowth ,  na tura l  se lec t ion ,  decay ,  and
so i l  fo rmat ion ,  s t r i k ' ing  mod i f i ca t ions  o f  mic roc l  imat ic  fac to rs  were
brought  about .  These mod i f i ca t ions  gradua l ly  changed the  bar ren  t i l l s
j  n to h i  gh ' ly  product i  ve grassl  and ecosystems ,  abl  e to ma i  nta in themsel  ves
through both drought  and c loudburst ,  and support  the great  abundance of
w i ld l i fe  wh ich  evo lved to  occupy  the  p la ins  be fore  the  coming o f  the  wh i te
man.

The so i l s  wh ich  evo lved a long w i th  the  b io ta  o f  the  nor thern  Great
Pl  a ins are predom' inant ly  Pedocal  s  

-  
( . |48)  of  the order Mol  I  i  so l  s  (82)  .

The  Brown so i l s  (now Xero l l s ) ,  under la in  by  c lay  a t  3  to  B  inches ,  occur
on the  dr ie r  s i tes  and have a  l ime layer  be low the  subso i l ;  darker -hued
Chestnu t  so i l s  (now Usto l l s )  occupy  areas  o f  h igher  p rec ip i ta t ion  and
are  under la in  a t  g rea ter  depth  by  c lay  and l ime layers ;  Chernozem so i l s
(now Boro l l s ) ,  w i th  the i r  th ick  dark  sur faces ,  a re  found on  the  h igher
s j tes  (24) .  Organ ic  conten t  o f  the  topso i l  genera l l y  decreases  westward
and the  so i l s  become l igh ter  in  co lo r .  0 ther  ma jor  so i l  t ypes  in  the
nor thern  Great  P la jns  inc lude the  L i thoso ls  wh ich  have deve loped over
bedrock,  s low' ly  deepening to as much as 30 inches,  and general  ly
charac ter ized  by  poor ' l y  de f  ined  hor izons  (104) .

Leaching of  the soluble sal ts  f rom the sur face and subsoi l  has been in-
complete in cer ta in regions of  Chestnut  and Brown soi ls .  When poor dra inage
is  combined w i th  low ra in fa l l  and  h igh  evapora t ' ion  ra tes ,  the  so i l s
accumula te  h igh  concent ra t ions  o f  gypsum (ca lc ium su l fa te ) ,  epsom sa l ts
(magnes i  um su l  fa te )  ,  G l  auber 's  sa l  t  (sod i  um su l  fa te )  ,  o r  po tass i  um su : l  fa te
(123) .  These  so i l s  then  become sa l ine ,  a l ka l i ,  o r  sa l ine -a lka l i  so i l s .
Na tu ra l  1y  occur ing  so i l s  o f  these  types  a re  ca l led  " res idua l  a l ka l i
so i l s . "  I t  i s  impor tan t  to  d is t ingu ish  them f rom fo rmer ly  we l l - l eached ,
produc t ive  so i l s  wh ich  have become "sa l ty "  due to  recent  sa l ine  seep.

The res idua l  a lka l i  so i l s ,  wh ich  are  found among Brown and Chestnu t
so i l s  in  the  g lac ia ted  t i l l  reg ion  nor th  o f  the  M issour i  R ive r ,  a re
c lassed as  So lod ized-so lonetz  so i l s  by  the  Montana Agr icu l tu ra l  Exper iment
S ta t ion  in  the i r  su rvey  o f  the  s ta te ' s  so i l s  ( . |24 ) .  A lka l i  so i l s  have
an excess of  sodium cat ' ions on the exchange complex and are d ' iagnosed
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by exchangeable sodium percentage (El f )  gt  greater  than l5 a ld sPgci f ic
conduc tance  i fCr i j -o i  fbg  than  4  m i t t imhos-cm- l  a t  25C. (2gg) .  Thq
Solonetz  so i i ; ' 5 i6  u i ro -known as  B lack  A lka l i  due to  the  d ispersed lnd
d isso lved organ ic  mat te r  p resent  on  the  sur face .  Sod ium-satura ted  c layso

I  eached i  nto" the subsoi  1 ,  ef fect i  ve ly cur ta i  I  dra i  nage, .  and . the sodi  um
on the humus ei inarge s i ies causes ubt toccujat ' ion and degnadat ion of
so i l  s t ruc tu re .  Th is  fo is -o f  p f ' y t i ca l  s t ruc tu re ,  more  than any  chemica l
o r  nu t r . ien t  e f fec ts ,  resu l ts  in  ievere  res t r i c t ions  upon the .vegeta t iuq
io*posi t ion of  Solonetz s i tes.  Greasewood (Satcobatus vermr-g.U3U) 1s

i re l iuen t ty theon1ycoVer found .Wherecropsmf f i . f f i
g .o ; ih  un !  y ie lds  i re  depressed (206) .  Such so i l s  have an  a lka l ine
; ; ; ; i i r i l " ipi l=a.s to t0) ir06j-or.- io'pr. i .nce of sodium hydroxide (NaOH)
(148) .

The  seconc l  t ype  o f  sa l t y  so i l s  a re  the  So lonchaks ,  o r  sa l ine  so i l s '

wh jch do not- r ,aui  h-r r igr '  sodium t ie-up of  exchange- s i tes (FlP less than

i 'd  p ;d*n i ) ,  nu t  do  have h igh  conten t i  o f  o ther  io lub le  sa l ts : -Y ie ld ing
electr ica l  conduct iv i t les g ieate i  than 4 mmhos cm-l  at  25C (206).  The.

sa l ts ,  p r imar i l y  su l fa tes  ind  ch lo r ides  o f  sod ium,  ca lc ium,  anq magnes ium

it6;- iob) ,  i " .  t ransported to the sur face by g)raporat ing groundwater ,  and

are  charac ter is t i ia i i v  le f t  as  a  wh i te  c rys ta l l ine  c rus t  on  the  sur face '
u . i rnCiu i i i i on  i s  no t  usua l ly  a  severe  pr6u tem fo r  the  magnes ium and
calc ium cat ions cont inue io inainta in thrb i r  dominance 0n the cat ion-exchange
s i tes .  Sa l ine  so i l s  a re  thus  rec la im iUte  i f  the  excess  sa l t s  can  be

leached be low the  ac t ' i ve  roo t  zone o f  p lan ts  (76 ,  85 ,  47) '

A th i rd type of  so ' i l  may be found which is  a combinat ion of  these two.

Termed sa l jne- i i ka l i  so i l s  and charac tgr ized  by  bo th  h igh  e lec t r i ca l
conduct iv i ty  (greate.- ihun 4 mmhos cm-l  at  25c)  and l r ig ! -exchangeable
; i l i i l - ( i iF"grdaier  t r ran ts  percent) ,  such soi is  general ly  become strongly

a lka l ine  whe i  leached,  and then de f ioccu la te  due to  h igh  sod ium conten t .
These so i l s - requ i re  e i tens ' i ve  t rea tment  to  rep lace  the  sod ium wi th  ca lc ium
or other  more desi rable cat ions on the exchange complex,  and to restore
su i tab le  s t ruc tu re  to  the  p ro f i l e  (206) .

Water  Use.  There  were  subs tan t ia l  amounts  o f  na tura l l y  sa l ine '
a ]ka ] f f i i i ne .a i [u i i so j ] sp resen ton thenor thernGrea tP ]a inswhen
Lewis  and c rar r  p i r i . J  th rough Montana jn  1805 (93) ,  bu t  the  na t ive
pr i i . te  ecosystems ef fect iu. i .y  l imi ted these soi ls  to a smal l  percentage

o f  the  to ta i ' i ano  sur face .  B io t i c .uo tu t ion  i s  a  response  to  the  ava i lab le

resources  o f  an  env i ronment ,  and is -s i rong iy  in f luencbd by  " l im i t !ng  fac to rs . "

Water  rvas  a 'p i i re  l im i t ing  iac to r  on  the  io i i l re rn  Great  P la ins ,  w i th - : !s
semi -ar id  c l  imate ,  scorch ing  iun ,  des icca t ing  w inds ,  .a ld  h lg t t l y  9 f99 ib le
so i l s .  The  p ra i r ie  had  sev6ra l  mechan isms fo r  max im iz ing . the  u t i l i t y  o f
the ra infa l l  and for  coping wi th the ef fects of  !he:9 other  st resses.
gV 

-.ontrol 
I  i  ng i fre watei^ bi ldget_ of the - prai r ie sod, these mechani sms

hb lped prevent  the  spread o f  sa l ine  so i l s .

protect ion of  the soi l  f rom water  erosion was.  accompl  isheQ through
vegeta t ive  s t ruc tu res  such as  leave i -and s ta lks ,  wh ich  sh ie tg .d - the  minera l

ear th f rom *. . r ranic i r  forces of  ra in and hai l  through accumulat ion of  a
piotect ive mulch of  decomposing p lant  l i t ter  and through intercept ion and
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evaporat ion of  large quant i t ies of  precip i tat ion.  Weaver (217) d iscovered
that  " the amount of  water  in tercepted by herbaceous plants is  of ten
gyrp r i s ing ly . la rge . "  Wheat ,  a l fa l fa ,  need legrass  (S t ipa  spar tea) ,  and  l i t t l e
bl uestem (Andropogon scopari us ) were al 1 found to i n'ffieFt- and-evaporate
over 50 peyffibfr- mfrffi application of water:

Water  i s  he ld  upon p lan ts  in  the  fo rm o f  th in  f i lms  or  as
drops  wh ich  fo rm on the  sur face ,  d t  the  t ips r  oF a long the
marg ins  o f  the  leaves .  Water  a lso  adheres  to  the  s tems.  The
exten t  o f  the  lea f  sur face  and the  number  o f  leve ls  a t  wh ich
water  may be held are important  factors in determining the
percentage o f  in te rcept ion .  Pra i r ie  vegeta t ion  has  a  fo l iage
surface that  is  three to twenty t imes as great  as the soi l
surface . beneath i  t  i  I  eaves are di sp' layed at many d' i  f  ferent
I  evel  s  (217) .

In f i l t ra t ion  o f  p rec ip i ta t ion  prec ludes  over land runof f  and sur face
eros ' ion .  In  add i t ion ,  the  pra i r ie  ecosys tem cont ro t led  eros ion  th rough
other meaRs:

The same cover of  vegetat ion that  in tercepts the ra infa l  I
exerts a profound effect upon the force with which the
ra indrops  s t r i ke  the  so i l  and upon the i r  en t rance in to
the  so i l  by  absorp t ion .  In  p ra i r je  where  there  is  a  cover
o f  g rass ,  the  fo rce  o f  the  ra in  i s  b roken by  the  fo l iage  o f
the  grass  and o ther  herbs  and by  the  l i t te r  o f  fa l len
leaves and stems beneath. . .The lodgement of  the undecayed
mater ia ls  among the stems of  the grasses forms an int r icate
ser ies of  minute dams and terraces which tend to hold the
water  un t i l  i t  can  perco la te  in to  the  so i l .  Abundant
humus c rea tes  a  sponge- l i ke  cond i t ion  in  the  topso i ' l  ,  and
th is  inc reases  i t s  capac i ty  to  absorb  and ho ' ld  water .
Hence runof f  in  the  pra i r ie  i s  usua l ly  s ' l i gh t  un less  the
ra ins  a re  heavy .  Even dur ing  a  heavy  ra in fa l l ,  the  water
tha t  runs  o f f  i s  usua l l y  c lea r  s ince  the  so i l  i s  f i rm ly
he ld  in  p ' lace  by  the  bases  o f  the  p ' lan ts ,  bV the i r  w ide ly
spread ing  and much-branched rh izomes,  and by  the i r  w ide ly
and deeply spreading root  systems. (?17)

So lub le  sa l ts  tha t  remained in  the  so i l  p ro f i le  o f  the  pra i r ie  as
i t  was formed general ly  were insuf f ic ient ly  concentrated to form a sal ine
so i l  (206) .  On ly  where  sa l ts  and o ther  so lub le  contaminants  have been
transported and concentrated in an area by movement of water, either
sur face or  subsurface,  can soi ls  become suf f ic ' ient ly  a l tered to cause
mal^ked response in the b iot ic  sector .  In the nat ive prai r ie  ecosystem,
surface water  runof f  was ef fect ive ly reduced,  s lowing erosion and retard ing
development of  d issected drainage systems. L imi ted Uy the sparse precip i - -
ta t ion ,  the  p ra i r ie  evo lved  mechan isms to  u t i l i ze  a l l  wa te r  wh ich  in f i l t ra ted
in to  the  so i l .

Af ter  f i f ty  years '  s tudy of  the pra ' i r ies of  the Great  Pla ins,  Weaver
(2" l7 )  wro te  a t  leng th  about  the  vas t  b io t i c  sys tems wh ich  l ie  unseen and
even unsuspected beneath the sur face of  the land:
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The mos t  obv ious  conc lus ion . . . i s  tha t  p ra i r ie  spec ies  a re
provided wi th wel l -developed,  deep-seated and extensive
roo t  sys tems.  0n  the  bas is  o f  roo t  dep th ,  the . , .Spec ies . , .may
be d iv ided in to  th ree  groups .  The f i rs t  g roups  inc ludes  p lan ts
wi th shal low roots that  seldom extend below the f i rs t  two feet
of  soi  I  .  Thi  s  group,  consi  s t i  ng ent i  re ' ly  of  grasses ,  makes
up only four teen percent  of  the tota l .  The second group,  of
intermediate depth,  is  composed of  grasses and forbs wi th
roots that  extend wel l  below the second foot  but  seldom deeper
than f ive feet. [This group composes] twenty-one percent of
p ra i r ie  spec ies .  The th i rd  and la rges t  g roup is  composed o f
plants whose roots extend beyond a depth of f ive feet (some
to twelve,  even twenty- three,  feet) ,  and th is  groups inc ludes
s ' ix ty- f ive percent  of  the species selected as typical  of
the pra ' i r ie  f lora.  Examinat ion of  the deeply rooted species
shows that  only about  one-f i f th  re ly  to any marked degree upon
the  sha l low so i l  fo r  water  o r  nu t r ien ts ,  and tha t  many spec ies ,

" '  when mature ,  car ry  on  re la t i ve ly  l i t t le  absorp t ion  in  the
f i rs t ,  secondo or  th i rd foot .  Layer ing of  the roots reduces
compet i t ion and permits the growth of  a larger number of  species.

Excess water  percolates downward as gravi tat ional  water  af ter  the
avai ' l  abl  e soi  I  pore spaces in the prof i  I  e  have been f i l  I  ed.  Mature
pra i r ie  so i l s ,  in te r laced w i th  water - th i rs ty  roo t le ts  to  g rea t  depths '
a l low l i t t le  i f  any  o f  the  perco la t ing  water  to  pass  beyond reach o f  the
root  zone (43) .  P ' lants remove water  f rom the soi l  as a funct ion of  the
heat  load ,  the  roo t ing  depth ,  and the  amount  o f  p lan t -ava i lab le  water
present  in  the  roo t  zone (76) .  The pra ' i r ies  served the i r  v i ta l  func t ion
in the hydrologic cycle of  the Great  Pla ins by present ing an act ive root
sys tem a t  the  t ime o f  the  year  when the  so i l  p ro f i le  was f i l l ed  w i th
water--dur ing the spr ing and ear ly  summer.  Perennia l  vegetat ion,  wi th
deep,  wel l -establ ished root  systems, stood ready to suck th is  water  f rom
the soi l .  Seepage downward into subsurface water  tables was normal ly
minima1 .  The net  resul t  was that  percolat ing groundwater  leached
so lub le  sa l ts  in  on ly  one d i rec t ion :  downward  in to  subso i ls .  La tera l
movement of  sal t - laden water  was thus very l imi ted and t ransportat ion
to  o ther  loca t ions  and poss ib le  concent ra t ion  o f  sa l ts  were  res t r i c ted
to specia l  c i rcumstances.  Some leakage below the root  zone did occur
dur ing  years  o f  abnormal ly  h igh  prec ip i ta t ion ,  o r  in  a reas  where  the
topography of fered depressions.  These areas remained essent ia l ly  s tat ic
except  for  seasonal  f luctuat ions.  For the most  par t ,  the prai r ies
pro tec ted  themse lves  f rom the  th rea t  o f  spread ing  sa l in iza t ion  o f  so i l s .

In  add i t ion  to  i t s  e f f i c iencyo the  na t ive  pra i r ie  ecosys tem had
evol  ved another advantage--durabi l  i ty :

Plant  par ts in  pra i r ie  sod are protected f rom sudden and
extreme changes in temperature. They are scarcely
harmed by  f ros t  o r  severe  co ld  o f  w in te r ,  d r iv ing  ha i l '
tornadoesn or  pra i r ie  f i res.  They endure ravages by
grasshoppers and great ly  pro longed drought .  To prai r ie
sod,  on ly  the  p low or  long-cont inued c lose  graz ing  are
1  e tha l  (217) .
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Breaking the P la ins

F i rs t  the  miners ,  then the  ca t t lemen,  and f ina l l y  the  dry land
homesteaders f locked to the bount i fu l  promise of  the Treasure State.
The homesteaders  t i l l ed  the  p la ins  dur ing  the  f i rs t  two decades o f
th is  century.  } r l i th  a cycle of  h igh-y ie ld ing wet  years,  homesteaders
pushed even marginal  agr icul tura l  land into product ion.  Th' is  boom
soon burst  as a dry cycle sent  product ion p ' l  ummet ing.  The prai r ie
w inds  l i f ted  naked so i l s  and squa l ls  churned the  dus t ,  and more  than
ha l f  the  homesteaders  went  bus t .  Then,  in  an  h is to r ic  insp i ra t ion ,
a desperate farmer not iced that  the wind d id not  take the soi l  imme-
d ia te ly  leeward  o f  h is  s t rugg l ing  s tand o f  wheat .  He pu t  h is  9 r0p l  in
s t r ips  perpend icu la r  to  the  preva i l ing  w inds ,  and d iscovered tha t  he
had  v i r tua l l y  so lved  the  p rob lem o f  w ind  e ros ion .  La te r  i t  was  rea l i zed
tha t  c ropp ing  in  a l te rna te  s t r ips  cou ld  be  adapted  to  conserve  mois tu re
in  the  sb i l . -  Thus  evo lved the  t ropp ing  sys tem known as  "summer  fa l low, "
charac ter ized  as :

a farming pract ice wherein no crop is  grown and al l  p lant
growth  is  cont ro l led  by  cu l t i va t ion  or  chemica ls  dur ing
a season when a crop might  normal ly  be grown. Thus
produc t ion  fo r  one season is  fo r fe i ted  in  an t ic ipa t ion
that  there wi l l  be at  least  par t ia ' l  compensat ion by
increased c rop  produc t ion  the  nex t  season (BZ) .

Summer fal low began with the l4ormons in Utah and was later introduced
into Canada and Montana as they moved northward. I t  became almost
un iversa l  in  nor thern  Montana ' l  d ry land reg ions  (See F igure  3) .
Ex tens ive ly  s tud ' ied ,  (43 ,  47  ,  82)  i t  remai  ns  a  h i  gh ly  cont rovers ia l
solut ion tb the envi ronmental  demands of  agr icul ture on the northern
Great  P la ins .  Haas e t  a l .  (82)  rev iewed summer  fa l low and compared i t
wi th annual croppi ng:Foi lspri  ng wheat producti  on i  n the northern p' lat 19.
He summarized the advantages and disadvantages of  summer fa l low as fo l lows:

Advantages :

l .  H igher  y ie ld  per  p lan ted  ac re .
2 .  More  s tab le  p roduc t ion .
3 .  H igher  so i l  water  conten t .
4 .  Greater  supp ly  o f  ava i lab le  n i t rogen in  the  so i l .
5 .  A ids  in  the  cont ro l  o f  weeds.
6 .  A ids  in  d is t r ibu t ing  the  work  load o f  the  fa rmer .
7 .  Reduces  insec t  and d isease prob lems.

Di  sadvantages :

l .  Great ly  inc reased w ind  and water  e ros ion  o f  so i l .
2 .  Inc reased  a i r  and  wate r  po l lu t ion .
3.  Lower soi l  water  s torage ef f ic iency.
4.  Lower water-use ef f ic iency.
5 .  Greater  so i l  fe r t i ' l  i t y  dec l ine .
6.  Promotes development 

-of  
sal ine seep areas under

cer ta in  so i l  and management  cond i t ions .
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Sal  i  ne Seep0utbreaks

His to r ica l l y ,  sa l ine  seeps  are  a  recent  deve lopment  on  the  nor thern
Grea t  P la ins .  To  d is t ingu ish  sa l ine  seep  f rom res idua l  a l ka l i  so i l s
and  f rom super f i c ia ' l  1y  s im j la r  (bu t  causa l ' l y  d i s t inc t )  sa l ine  p rgb lems
iesu l t i ng  f rom j r r iga i ion  m ismanagement  and  leakage  (214 ,  2?4 ,  2 . |9 ) ,
sa l ine  seeps  a re  de f ined  as  fo l lows :

Sa l  ine  seeps  are  recent ly  deve loped sa l  jne  so i l s  in .non i f f . ' i  ga te .d
areas  tha t  a re  we e  t ime,  o f ten  w i th  wh i te
sa l t  c rus ts ,  and where  c rop  or  g rass  produc t ion  is  reduced or
e l im ina ted  (33) .  (Emphas is  added)

The beg' inning of  sal  ine seep outbreaks dur ing the _ l  910s fo l  lowed
shor t l y  a f t6 r  the  es tab l i shment  b t  the  a l te rna te  i rop- fa l low (summer
fa l low) farming system. Wholesale adopt ion of  the summer fa l low system
was heralded bt  in t roduct ion of  1arge,  h igh-powered farm machinery
wh jch  made i t  l rac t i ca l  and pro f i tab le  to  s t r ip - fa rm ex tens ive_acreages.
The e f f j c iency 'o f  water  s to rage was grea t ly  ' improved due to  cu l t i va t ion
of  la rge  areas  o f  fa l low land to  con i ro l  weeds.  E f f i c ien t  herb ic ides
for  we6a cont ro l  became wide ly  ava i lab le  dur ing  th is  per iod ,  augment ing
the  water  s to rage capab i l  j t y  o f  the  summer  fa l low method.  Acreage_of
summer fa l low t i ip tea in the 17 western states between 1910 and 1940
(82) .  In  Montana ,  2 .7  m i l l  i on  ac res  were  sunmer  fa l l owed in  1930 ,
4 .2 '  m i l l i on  ac res  in  

. |950 ,  
and  6 .2  m i l l i on  ac res  in  1964  (87) .  Bah ls

and Mi l le r  (33)  rev iewed the  h is to ry  o f  sa l ine  seep in  Montana.  They
conf i rmed t ia t  most  of  the pra ' i r ie  was plowed dur ing the _second decade
of  th is  century ;  however ,  the  s ta te  d id 'no t  exper ience sa l ine  seep-prob lems
unt i l  the  la te  jg+Os.  Th is  was less  than a  decade a f te r  summer  fa l low
had become wide ly  es tab l i shed in  the  s ta te .  Add i t iona l  re f inements  in
soi l  and water  conservat ion added to the storage probl  em: contour
c ropp ing ,  s tubb le  mulch ing ,  and snow in te rcept ion  by  vegeta t ive  bar r ie rs
(gz).

The f i rs t  f ie ld  inves t iga t ions  o f  sa l ine  seep by  the  Montana Coopera t ive
Ex tens ion  Serv ice  cu lm ina ted  w i th  a  repor t  pub l i shed  in  1947  (33) .  _Th is
report  est ' imated that  sal ine seeps were growing at  a rate of  about  1
percent  per  year.  By the 1950s,  the est imated seep growth rate was up
i i ig l ' r t ty ,  wi t f r  an anirual  5 percent  increase in acreage of  newly formed
sa l ine  so i l s  jn  d ry land  fa rming  a reas .

By the 1960s, est imated damage was growing at a rate of between
5 ana iO percent  each year .  A  se i ies  o f  wet  years  in  the  la te  '60s  and
ear ly  197bs  sent  the  e-s t imate  o f  newly  ru ined c rop land soar ing  to  over
l0 pbrcent  annual ' ly  (224) .

These es t jmates  ind ica te  tha t  the  sa l ine  seep prob lem has  inc reased
dramat ical  1y over the past  three decades.  However,  ' in  

!Pi !e of  wjdespread
i . i ogn i t i on -o f  the  se r iousness  o f  the  p rob lem (7 ,15 ,  38 ,  5 . | ,  160) ,  a
re l iab le  and accura te  sur face  inventory  o f  sa l ine  seep land does  no t  ye t
ex is t .  The  So i l  Conserva t ion  Serv ice  iSCS)  po11ed  D is t r i c t  Conserva t lon is ts
in  Montana  in  

. |969 , . |971 ,  
and  1973  and  pub l i shed  ac reages  o f  sa l ine  seep

on c rop land in  28  count ies  (54) .  Tab le  I  summar izes  these es t imates .

- l  0 -



Tabl  e  I

County

Bl  a i  ne
Cascade
Chouteau
Custer
Dani  e l  s
Dawson
Fa l  1  on
Fergus
Gl  ac ie r
Gol  den Va1 1eY
Hi  11
Jud i th  Bas in
Lewis  &  C lark
Li berty
McCone
lvlussel shel 1
Ph i l  1  ips  r
Pondera
Pra i  r i  e
R ich l  and
Roosevel t
Sher i  dan
St i  I  I  water
Teton
Tool e
Va1 1 ey
l^li baux
Yel I  owstone

TOTALS

Est' imatesof  sa l  ine  seepin  Montana,  1969,  
. |97 . | ,  and 

.1973 (52)

Acres

400
3,000
9 ,000

500

5 ,000
2 ,000

900
I ,800. |00

200
800

300'l 
,500

I ,500.| 
2 ,000

I  0 ,000

450
I ,500

250

2 ,000
7 ,000

I2 ,000
250

5 ,800
2 ,000
5 ,000
5 ,600
3,ooo
5,000
I  ,2oo
4 ,300

100
4 ,300
I ,200
3 ,000

400
2 ,500

100
3,000.| 2 ,500

l 0 ,0oo
5 l ,550
4 ,000
2,000
3 ,000
I ,000

600

1 969 I  971

1 ,000
7 ,000

1 I  ,000
250

5,800

2 ,000
5 ,500
3 ,000

250
1 ,000
4 ,000

100
220
800
250
360

I ,600

I ,500. |2 ,000

1 0 ,000
I0 ,oo0

500
I  ,800

800
500

1 973

I52 ,4005l ,200 Bl ,230

L. ike the ear l jer  est imates of  sa l ine seep increases,  the scs f igures

can only  be used as a g.n. ; i i -gr ider ine.  They were not  based on f ie ld
,data (except in a very f i l ' .ut i i i  qrd represented ol ly ! [e "best guess"

of  the Dis t r ic t  Conservu i ion is t . '  0 t [er  bst imates of  ia ] ine seep damage.
put  the f igure at  between 

. |S0,000 unA-ZSO,OOO acres of  crop land;  inc lus ion
of sat. ine damaged non-.rop i ; ; ;  (sucfr  as i tockponds, coul. . l :^ l : i i? igi
systems, and" ' i ; ;g. l ; ;o i  uhooubtedty would push the numbers higher (33) '

The H. ighwood Bench, located between the Missouri  River and the
tt- ighwood Mountains near Greai Fal l r ,  war ole of the f i rst  areas in Montana
to exper ien.e a ia l  ine t .L i - i ,bb l . ' .  

"n .u . rop ing.  
i l  h igh ly .  sa1 t -permeated

glac ia l  t i l l  der . ived pr imai i iy  f rom the mar ine iha les of  the co lorado Group '
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J
sal ine seeps on the Bench have been more extensively studiey ' than in
any other area in Montana.  The farmers on the Bench,  d larmed over sal in i ty
spieadi  ng i  n former l  y  h i  ghly product i  ve soi  I  s  ,  organ' ized the Hi  ghwood
Bench A lka l i  Cont ro l  Assoc ia t ion  in  

. |969 
under  the  

. |969 
rev is ion  o f

Montana 's  So i l  and Water  Conserva t ion  Law (208) .  They  taxed themse lves
to support  research into the problem and i ts  solut ion.  A work-stud.y_ .
s tudeh l  spent  the  en t i re  sumner  o f  

. |969  
mapp ing  seeps  on  the  Bench (54) .

M' i  l ler  (120) reconstructed the spread of  seeps in one watershed on the
Bench (N ine  Mi le  Creek)  by  ana lys is  o f  aer ia l  photographs  taken in  

. |941,
. |951 

,  and 
. |966.  

Based upon th is  ana lys is  and h is  cont inu ' ing  ex tens ive
hydro log ic  inves t iga t ion  o f  water  tab le  cond i t ions  ' in  the  N ine  Mi le
watershed,  Mi l le r  ( l2 l )  pos tu la ted  a  th ree-phase s igmiod growth  curve
for  seeps  in  the  Bench area  (See F igure  4) .  In  s imp l i f ied  te rms,  the
Bench sbeps  are  occur r ing  due to  sa lu ra t ion  o f  the  t i11  above the  impermeab]e
Col orado Shal e bedrock after years of summer fal l  ow operati  ons. l l laterin
excess of  p lant  requirements has been stored dur ing fa l low, and that
wh ich ' i s  nb t  t ransp i red  eventua l l y  perco la tes  downward ,  add ing  to  the  water
tab le  perched above the  sha le .  Mi l le r  found tha t  sa l ine  seeps  occur red
when th ' i s  accumula ted  water  tab le  f lowed la te ra l  1y  a long a  hydros ta t i c
grad ien t ,  and contac ted  the  cap i l la ry  zone,  where  evapora t ive  fo rces
i rew the sal t - laden water  to the sur face.  There the water  evaporated,  leaving
the  sa l t s  beh ind  on  the  sur face  and  jn  the  so i l  p ro f i l e  (See  F igure  5 ) .
Based upon the known water  content  of  the t i l  I  ,  the capaci ty  of  thg system
to store water ,  and exper imenta ' l  responses of  the system to water  input '
M j l l e r  ( l 2 l )  cons t ruc ted  h is  p ro jec t ion  cu rve  (F igune  4 )  to  es t imate
poss ib le  sa l ine-nonsa l jne  acreage ra t ios  over  t ime.  The peg iod  o f  accumula-
t ' ion  o f  water  in  the  t i l l ,  fo l lowed by  the  cur ren t  per iod  o f  seep ou tbreaks
and growth,  would theoret ical ly  be to i lowed by a reestabl ishment of  hydro-
1og' ic  s tabi l i ty  at  which t ' ime f rom 25 to 30 percent  of  the cropland on
the H' ighwood B6nch would have been rendered useless for  cropping.of  .smal l
g ra ins .  I f  per iphera l  a reas  are  inc luded,  such as  couJees unsu i ted  fo r
c rop land,  damage cou ld  to ta l  30  to  35  percent  o f  the  land.

Mi l le r  (33)  specu la ted  about  the  po ten t ia l  fo r  sa l ine  seep damage
in  the  en t i re  s ta te  o f  Montana and the  nor thern  Great  P la ins .  Observ ' ing
tha t  sa l ine  seeps  usua l l y  occur  on ly  where  re la t ' i ve ly  th in  so i l  o r  t i l l
i s  under la in  by ' impermeab le  sha les  or  by  layers  o f  dense c lay  (See F igure
6) ,  and where  dry land s t r ip -c ropp ing  is  p rac t iced ,  M ' i l l e r  ca lcu la ted  tha t
a 's tagger ing  228;000 squarb  mj lbb  in  Montana,  the  Dakotas ,  and Canada cou ld
possibly beiome affected by STine seeps unless current trends are reversed
(See F ' igure  7) .  I ^ l i th in  Montana,  M ' i  l l e r  (33 ,  . |20)  

found sa l  ine  seep
poten t ' i i 1  on  

. |2 ,500 
square  mi les  under la in  by  sha les  o f  Cre taceous d9€n and

bn 4 ,500 square  mi les  under la in  by  Ter t ia ry  s t ra ta  o f  the  For t  Un ion
Format ion .  Montana 's  to ta l  thus  came to  

. |7 ,000 
square  mi les ,  o r  l0 ,BB0 '000

acres.  As i ts  of f ic ia l  est imate the USDA Montana Commit tee for  Rural
Deve lopment  subsequent ly  adopted  a  f igure  o f  8 ,000,000 acres  (208) .

I t  ' i s  un l i ke ly  tha t  these immense f igures  w i l l  be  reached,  a l though
i t  is  widely thought  that  another ser ies of  wet  years could have a severe
impact  on  a l ready  sa tura ted  groundwater  sys tems (2) .  0ne prob lem wi th
Mi l l e r ' s  f i gu res  i s  tha t  the re  a re  severa l  d i s t inc t  sa l ine  seep  sys tems
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bes- ides the one found on the Highwood Bench.  Halvorson (Bq) has studied
sal ine seeps in the Fort  Union i rea of  eastern Montana,  and asserts that

M. i  l l e r ,s  curve  does  no t  app ly  in  these s t ra ta ,  s ince  t le  p rob lem s tems
f rom both 

' long-term 
storag'e bf waterin the soi l  prof i  l  e '  and from

shor te r  te rm 6ver load ing  o f  subsur face  dra inage capac i ty '

Ha lvorson and B lack  (87)  s tud ied  a  representa t ive  sa l ine  seep on  the

Tvei t  farm northwest  of  Sidney,  Montana'  They found that :

l , then precipitat ion exceeded the amount needed to recharge !h.
so i f  i ro f i le ,  water  perco la ted  be low the  c rop_root  zone and
accumulated above a layer  of  near ly  impermeable,  dense glaY:
permeab le  layers  o f  de-graded sands ione,  s i l t s tone,  and I ign i te
conducted th;  perched l roundwater  1ateral1y to-a Po]nl  where
the  water -conduct ing  l i yers  a re  t runcated  by  g lac ia l  t i11  o f
I ower permeabil  i ty. By cap' i l  I  ar i tY: water moved upward in
the  t i l l  to  the  s6 i t  sur ta te  where-  i t  evapora ted ,  leav i lg
piec i  p i  tated sal  ts  (  na,  Mg n and Ca sul  fates )  on the 9oi  

' l  
sur face

in the seep area.  Facior i  that  enchanced deep percolat ion of
water  below the root  zone inc l  uded (a)  above-averagq annual
preci  p i tat ion f rom 1962 to 1972,  (b)  unusual  ly  t r i  g f  . fg l  I  and
ipp inb  prec ip i ta t ion  when evapot ransp i ra t ion  po ten t ia ls  were
ibw, ( . )  increased use of  surnmer fa l low, anq (d)  improved
soi i  water  s torage ef f ic iency and conservat ion pract ices
duri ng fal I  ow.

A s t ra t ig raph ic  p ro f i le  f rom th is  s tudy  is  reproduced as  F igure  8 . .
Huiuor io i i  (bS) fbets that  the height  or  the asymptote would be much
lower j f  a 'sai ine seep "growth cuive" were hypothesized for  eastern
Montana.  Ferguson (7b)  ig rees  tha t  M ' i l l e r ' s  f igures  a lq  p robab ly
unrea l i s t i c i f iV  h igh .  However ,  no  one  i s  w i l l i ng  l9  o f lg l  a  f i gu re  jn

l i eu  o f  M i l l e r i s  p io jec t ion .  In  sp i te  o f  the  c l imb ing  SCS acreage
es i tmates  (wh ich  brobab ly  represen i  a  " learn ing  curve"  as  much as  an
increase jn sal ine r . .p j ' ,  minv- ieeps in both a ieas have remained near ' ly
s ia t i i  dur ing  the  pas t ' v6ur .  

-However ,  
da la . f rom the  H ighwood Bench

indicate,  dt - least  ' in  o-ne research waiershed,  that  the groundwater
leve ls  have no t  subs ided apprec iab ly  dur ing  recent  d ry  per iods  except
in areas wfrere spe. i f jc  at fbmpts have been-made to dry up the prof i le .
( i zo i : - - r i  ian  n i - ion . iuded rha t  any  pro longed.per jods .o f  excess  prec i -

i i ta i ion  w i l l  p robab ly  cause a  rap id  inc rease in  the  s ize  o f  ma lY seeps '
.no  * ioespreao appearance o f  new bnes .  Th is  response cou ld  we l l  be
ana logous  to  the 's teep  s lope  o f  M j l l e r ' s  cu rve  in  j t s  second  phase . .

l imi t6d data indicate that  the water  table in eastern Montana seems to
U.  r i i i ns  a t  an  annua l  ra te  o f  4  to  l0  inches  Pg f  year . ( ]?9 ) ,  I t
remains a qu* i l i ; ;  ; t  wrr i i -potnt  the systems wi t  t  ieestab' l ish hydrologic
equ i l  i b r ium.

Assessment  o f  the  sa l ine  seep prob lem, .  theno must  f requent ly  re ly
on educated guesswork as to the cument and potent ' ia1 scope of  the
si tuat i0n.  Even such basjc jnformat ion as the tota l  af fected crop1ang.
; ; ; ; i l "  i ;  noi -vet  known wi  th accui icy.  Gi  ye1.  the fact  that  near lv  u l  I

of  the past  res lar ,ch has focused rathLr  st r ic t ly  upon the aEr icul tura l
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impacts  o f  sa l . ine  seep,  a r ld  g iven  the  lack  o f  adequate .da ta .even in  th is

;;h; i l ;  Baht s and Mi l  i  er- (gsi may wel l  have understated thei r concl usion

tha t , , . . . the  t rue  ex ten t  d t  i t s  l dverse  env i ronmenta l  e f fec ts  i s  on1y .

; ; ;swork. i i -  iouu.u* i ,  th i i  u . ry  ier ious lack of  data has not  precluded

ip*.uTat ion and even conclusio i rs  about  the envi ronmental  impacts of

sa l  i ne  seep .

Gnourul,vnrnn Svsrems

Bas. ica l  1y ,  sa l ine  seeps  are  caused by  an  imba lance in  the  hydro log ic
cyc1e.  I t  i s  th rough th ' i s '  imba lance tha f  the  maior  e f fec ts  o f  sa l ine
i i ,eps wi t l  b ;  J ispt iyeo . in  the local  and teglonal  ecosystems- bte
have broad ly  desc i - iu lo  th ;  combina t ions  o f  i l imateo  dra inage,  and land

use wh ich  r rave-upset  the  hydro log ic  ba lance o f  the  p la i !s , .caus ing  ou tbreaks

and growth of  sai ine s.eps- .  Impicts of  sal ine seep begin.  in  the.groundwater
systdms; f rom i t 'e .e,  i r rehi iar- i i io  hydrologic changes rqagf  upward intg.  

,
the sur face iys ie*r ,  af tec i ing r ind,  sur f ice watei ,  and biot ic  communi t ies '
To the extent- that  f ,e is  invoived i ;  these systems, oF dependent  upon
them,  man w i l l  be  impacted  by  sa l ine  seep.

Every  sa l ine  seep  i s  an  ind iv idua l  and  d is t inc t l y  loca l  sys tem (33 ,

ss) .  
- ia . f i  

r * .p ivs ie in has three,  and occasional ly  four '  compone-nts:
i i ' i r , .- . . .r ' i rgL a-.ea ; Z) t tre soi t  prof i  1e and_ groundwater aqu' i fer;
3 )  the  seepug6 or  d i i charge area ;  and 4)  over land dra inage.

Recharge

The f i rs t  component ,  the  recharge area ,  co l lec ts  and in f i l t ra tes
precip i tat ion.  tqui i .  i teqrent f  V,  re iharge i lgut  havg -potho.1e topograPhY'
wi th s.u. r . iv  re i i . jc ted c jver ta i ra ora inage (33,  44,  76) .  water  ponding tends

to concentra le recharge into smal l  areasl  Depending upon-the part icu lar

c i rcumstances ,  th js  p6nd ing  can over load the  ioca l  subsur face  dra inage
systems, c.eai ing r ry i t raut i i  seeps (as descr ibed by Halvorson in eastern
M;; ; ; ; ; i , -or  they c in .uur .  rap\o l iu i ldup o- f_perched water  tables due
to jnt roduct jon of  excess water  in  i r re p i^of i lb .  Thglg ponds may-aggravate
i r tu  r , i gh  perco la r ion  r . i . r  i i 5 ,  t20 ,76)  fgyn{  in  t i l l s  on  the  H ighwood
Benchn  oF .o rpensu ie  fo r  s low roa tes  (85 ,87)  found  in  t i l l s  i n  eas te rn
Montana.

Rechargle areas on the Highwood Bench have an addi t ional  feature:
an extensi  ve interconnected v6r t ica l  jo int ing.  system, possib ly  created
Uv swe l l ing-and shr ink ing-o f  the  h igh  g ; ! i y  so i t l  in  response to  repeated

" ! t t ing  
an i l  J iy ing .  The ie  c racks  u l t  l i ka  a  ser ies  o f  d ra i lage p ipes

i t6 i  ionorct ing water  qui .k i t -A;rnwaro.  I t  is  not  known i f  such cracks
appear  in  eas tern  Montana (85) .

Sal ine seep recharge areas are a lmost  a ' lways l t t ]p- farmed cropland'
The c r j t i ca l  fac to r  cha iac ter iz ing  recharge areas  is  the  fa i lu re  o f
p1  an t  communi t ies  to  ru i i v - i ransp i re -a l1  6 r  near l_y  g l  I  g rav i ta t iona l

water  f rom i r 'e  p iof i le .  I {at ive i ra i r ies rare ly fa i l  to  exhaust  th is

water .  Ana lys i i  o f  hydro log ic  budgets  in  na t ive  pra i r ie  ecosys tems ' i s

incomplete,  lnd the mlchani ims uv wf i icr r  water  is  f revented f rom escaping
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be low the  roo t  zone are  no t  fu l l y  unders tood.  I t  i s  known tha t  in f i l t ra -
t i on  ra tes  on  fa l low and  sod  so i l s  a re  essen t ia l l y  iden t i ca l ,  bu t  tha t
sod induces much greater  hor izonta ' l  spreading of  the water  in  the upper
so i l  hor izons .  Th is  may be  due to  the  presence o f  the  humus mulch  wh ich
s tores  water  fo r  de ]ayed re lease in to  the  subso i ls  (33) .  Ferguson (76)
found ver t i ca l  c racks  beneath  na t ive  sod on  the  H ighwood Bench,  g iv ing
credence to  the  mulch  s to rage theory .  Mi l le r  ( tZO)  repor ts  tha t  the
t ransp i ra t ion  var iab le  i s  the  key  d i f fe rence,  hydro log ica l l y ,  be tween
fa l low and na t ive  pra i r ie  sod,  thus  underscor ing  the  c r i t i ca l  impor tance
of  an act ive root  system at  considerable depth beneath the sur face.

Range lands  a re  usua l l y  capab le  o f  p reven t ing  sa l ine  seep .  However ,
rangelands can become recharge areas i f  condi t ions are such that  water
in f i l t ra tes  fas te r  than the  p ' lan ts  can t ransp i re  i t ,  and  severa l  sa l  ine
seeps formed below nat ' ive rangelands in very sandy soi ls  were v is i ted
by  the  au thor  ( tOS,  l l 2 ) .  Such  seeps  a re  qu i te  ra re  and  genera l l y  shou ld
fa l l  in to  the  ca tegory  o f  " res idua l  a lka l i "  a reas ;  generaTTy one can
expect  to  f ind  poor ly  d ra ined c rop land above sa l ' ine  seepage areas .

Other common sources of  recharge of  sal ine seepage are leaky
i r r iga t ion  d i tches  and s tockpond reservo i rs .  Sa l ine  damaged so i l s  bes ide
di tches and below reservoi rs are common throughout  the state of  Montana.
Un l ike  "c lass ic "  d ry land sa l ine  seep,  however ,  the  mechan isms o f  recharge
and the  techno log ie i  fo r  comect ing ' the  leakage are  we l l  known (75) .
No fu r ther  spec i  f  i c  d i  scuss ion  o f  i  m iga t ion  or  s tockpond seepage i  s
presented here,  but  envi ronmental  impacts ascr ibed to dry land sal ine seep
may be  app l j cab le  to  these  types  o f  sa l ine  seep  as  we l l .

Profi  I  e

The second component  of  the sal  ine seep system i  s  the soi  I  prof i  1  e
th rough wh ich  the  water  perco ' l  a tes ,  co l lec ts ,  and moves la te ra l l y  p r io r
to reaching a depth shal low enough to be pu11ed f rom the soi l  by the
forces of  evaporat ion.  l {e have br ief ly  descr ibed the geologic her i tage
of  the  so i l  p ro f i les ,  s t ress ing  tha t  they  conta in  h igh  concent ra t ions
of  so lub le  sa l ts  and t race  minera ls .  I t  i s  impor tan t  to  recogn ize  tha t ,
jus t  as  a l l  seeps  are  ' ind iv idua l  en t i t ies ,  unconnected  to  any  reg iona l
groundwater  systems ( . |20) ,  so a lso are the chemical  contents of  the
par t i cu la r  seep sys tem un ique.  Chemica l  charac ter is t i cs  o f  g roundwater ,
wh i le  ex t remely  complex  due to  mix ing ,  d i lu t ion ,  and absorp t ion  fac to rs ,
a re  genera l l y  c lose ly  re la ted  to  ava i lab i l i t y  o f  so lub le  mate r ia l s
w i th in  the  hos t  aqu i fe r  (2 . |3 ) .

0nly I  imi ted data have been publ  ished concerning the chemical
compos i t ion  o f  so i l s  and groundwaters  in  sa l ine  seep sys tems.  Mi l le r
(1el  )  compi led extens ' ive informat ion on several  seeps on the Highwood
Bench,  and Ha lvorson and B lack  (87)  ana lyzed so i ' l  and  water  f rom seeps
in  R ich land County .  Tab le  2  summar izes  the i r  f ind ings ,  a ' long  w i th
ex is t ing  water  qua l i t y  s tandards  se t  fo r  var ious  uses .  A  compar ison
of  the groundwater  values wi th these standards ind ' icates that  the sampled
groundwaters had become extremely pol luted dur ing passage through the
f i ro f i1e .  The ex t remely  h igh  to t i l ' d isso lved so l  ia !  (TDS)  va lue-  (41 ,773 ryg / l  )
found in seep groundwater  on the Highwood Bench exceeds the level  (36,000
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mg/] ) for seawater. To
cons ider  tha t  the  Un i ted
pub l  i shed the  fo l  low inE
on c rops :

ECzs

02

a4

48

B 16

l 6  +

Ni t ra tes  (mo/ l  )

0 to  44
45 to 13?

I 33 to 220
221 to 440
44'| to 660
66.| to 880
881 to +++

Tns lpg/l )

0 to  
. | ,00CI

I  ,000 to  ?  '500
2 ,500  to  4 ,000
0ver  4 ,000
Over  

' |0 ,000

set  the  spec i f i c  conductance va lues  in
States Department of  Agr icul ture (206)

scale interpret ing the general  ef fects

perspect i  ve,
has

o f  sa l in i t y

Potent ia l ly  dangerous n i t rate contents and TDS are found in these
seepage ground water i .  For  example,  Montana Department of  L ivestock
t  abbr i to i i  es ( l  3 l  )  use the fo l ' lowi  ng rat ing scal  es i  n  eval  uat i  ng water
qua l i t y  fo r  s tockr

Rat i  ng

Not harmful
S l igh t  poss ib i l ' i tY  o f  ha rm
R' i  s [y ,  bspecia l  ly  over a I  gng per iod of  t ime
Inteiference sYndrome I i kel Y
More seri  ous ;,  poss i  bl e acute J osses
Increased acute losses'  secondary d iseases
Heavy acute losses

Rat i  ng

Good
Fa i r
Poor
Unsat i  s factorY
Inrmediate toxic effects can be expected

The or ig in of  the h igh n i t rate concentrat ions in the groundwater  is
somewhat pro5lemat ical .  i l i t rate (N0r-)  is  an oxidat ion product  of  anrnonium
(NHa+) . i 'tHo* j s oxidized to ni trite"(N0z-) by litrqlgEqlel glg. , and N02-
is t * id i zed" ton i t ra tebyNi t robac te r .spF . '0x@nd
tempera tu remus tbe favora6J f f iEo f f ie teox ida t ionmayoccur .Under
some al  kal  i  condi t ionso Ni t robacte l  qpp.  may be absent ,  causing accumulat ions
o f them0re tox icn i t ra t i lT f r , . f f i - iTTz tg ) .N i t ra te ]eve ]s inmos t
ecosystems are unstable and may vary wiaely as_the,  anion is  assim' i la ted
by p iants or  . . | i l ; ,  o .  deni t r i f ied io e lembntal  n i t rogen.  ( l ' lz )  under anaerobic
cbnb i t ions .  N i [ ra ie  da ta  a re  consequent ly  d j f f i cu l t  to  in te rpre t  in
isolat ion f rom knowledge about  other  factors wi th in the envi ronment-

Effects on CroPs

Sal  in i t y  e f fec ts  most ly  neg l  ig ib le

Y ie lds  o f  very  sens i t i ve  c rops  may be
restr i  cted

Yields of  many crops restr ic ted

0n ly  to le ran t  c rops  y ie ld  sa t is fac to r i l y

0n1y a few very to lerant  crops y ' ie ld
sat i  s factor i  1Y
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Mar ine  sed iments ,  such as  those under ly ing  nor th -centna l  Montana '
concentrated n i t rates.  Soi l  prof i les i ;1  semi-ar id envi ronments f requent ly
show h igh  concent ra t ions  o f  n i t ra tes  in  the  leach zone ( . l1 iche) .
Excessi ie accumulat ion of  n i t rates in underground waters " is  general . ly
assoc ia ted  w i th  a  sa l in i ty  p rob lem"  (2 . |3 ) .  Water  i s  the  on ly  method
for  t ransport  of  n i t rates,  so they concentrate in evaporat ion areas-

Nj t rates were re leased for  leach' ing when the prai r ie  was turned
under ;  cu l t i va t ion  under  fa l low sys tems a lso  re tu rns  organ ics  to  the  so i l .
AccorOing  to  Fergr ton  (76)  these iources  p lys  known s to rage.w i th in  the
t i l  l  a re  su f f i c ien t  to  e* i la in  n i t ra te  leve ls  found on  the  H ighwood
Bench.  Ha lvorson e t  a l .  (gA)  account  fo r  h igh  n i t ra te  leve ls  in  eas tern
Montana in mucrr t fre same way, However, Ferguson (76) contends that the
extraordinar i ly  h igh ammonj i lm and ni t rate levels found in some reg' ions
of  t i l l  over  Fbr t  [n jon  s t ra ta  cannot  be  exp la ined so1e1y as  decompos i t ion
produc ts  o f  o rgan ics  added to  the  so i l  by  agr icu l tu re .  He_postu la tes
hOai t ' ional  n i t ia tes enter  the perched groundwater  f rom coaJ st rata '
na tura l  gas ,  and fe r t j l i ze rs  lbached fnom the  sur face .

The quant i ty  of  water  which reaches the water  table qnd subsequgnt ' ly
f lows latera l ly  in to a seepage or  d ischarge area is  dependent  upon the
s ize  o f  the  re lharge  area , 'p iec ip i ta t ion  rece ived bv  t l lg  recharge area ' .
ambien t  so i l  mo is t i l re ,  ev ipb t ran ip i ra t ion  losses ,  and f low ra tes  th rough
the  aqu i fe r  t7A l .  q r in t i t i es  o f  i o lub le  sa l t s  and  minera ls  ca r r ied  in to
a seepage area can be est imated for  a g iven seep system' i f  these factors
and the-chemi iu i  qual i ty  of  the water  i re known. Halvorson and BJack
(87)  g ' i ve  an  exampl  e  o f  such a  ca l  cu l  a t ion :

To i l lus t ra te  the  magn i tude o f  the  sa l ine-seep prob lemr  assume
that  I  inch  o f  p rec i f i ta t ton  was los t  to  deep Pefcg ]a t ion  over
a  recharge area 'o f  lb  acres .  Assume fu r ther  tha t^ ! ! i :  water
was chan ie led  in to  a  seep area  o f  I  ac re .  Then, ,271 '583 ga l lons
of  water  would become avai lable for  evaporat ion f rom the soi l
sur face  in  the  seep area .  I f  the  to ta l  d jsso lved sa l t  concen-
t rat ion of  the seei l  water  was 

. |3,000 
PPm, then 14.7 tons of

sal t  would be concenlrated in the sebp area.  t 'J i th such potent ia l
quant j t ' ies of  water  and sal ts  reaching the seep qle-q bound by

{eo log ic  cond i t i ons  ou t l i ned  here in ,  i t  i s  no t  d j f f i cu l t  to
i ' isuaTize why a seep area becomes extremely wet  and sal ine so
rap i  d l  y .

Di  schafge

The d . ischarge area  is  the  th i rd  and most  eas i l y . recogn ized segment
o f  th1  s  long and ra ther  comp ' lex  cha in  o f  events .  Th is  par t  o f  the  sa l ine
seep system has a l l  too of tbn been m' is taken fgt  the d isease i tse l f '
rather  than i i ;  pr inc ipal  symptom. Seeps typi9911Y eyo' !ve.over several
years .  Dur ing  t i re  t i r l t  ye i r ,  as  the  wate r  tab le  i s  bu i ld i .ng ,YP: : I9? ,
y ie lds are cofrmonly far  above normal  due to the presence o1 n ' lant-avai lable
i to i r i r . .  (zoj .  ih ln,  perhaps af ter  fa l low' ing,  the farmer not jces that
the area remains wet  long af ter  the rest  of  l r re fa l low str ip  lu t  dr ied
and become wo. t< in te .  Th6se who ignore  the  cond i t ion  qu ick ly  learn .  the
t ru th  o f  tne -o iJ  su* ,  "Sp in  ye r  w6ee ls  tw ice ,  and  she 's  in  up  to  thq
ax le . , '  S ince  the  ground 'can i ro t  be  worked,  s? l t - to le ran t  weeds invade
the  soggy  c rop tanAl  Koch ia  (Koc j ia  scoLar ia )  usua l ly  appears  f i rs t '
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fo l lowed by foxta i l  bar ley (Hordeum jubatum).  When the ground does
f inal 1y dry out enough to belrorkEl i l 'T[T'Erm equi pment, i t exhi bi ts
the  wh i t i sh  sur face  b loom tha t  hera lds  a  g rowing  c rus t  o f  magnes ium,
ca lc ium,  and sod ium su l fa te  c rys ta ls .  I f  the  ground is  seeded to  wheat
or  bar ley the next  year,  few of  the p ' l  ants appear,  and those that  do
strugg' l  e  for th are stunted and shr ivel  wi th the f i rs t  dry spel  1.
Usua' l  1y,  these doomed grain p ' lants are quick ly crowded out  by the
ub iqu i tous  Koch ia  and fox ta i l .  As  the  water  cont inues  to  f low in to
the  seep,  depos i t ing  h igher  and h igher  concent ra t ions  o f  sa l ts ,  even
these  hardy  spec ies  fa i l .  Sa l tg rass  (D is t i ch l i s  s t r i c ta )  somet imes
attempts air invasion of the barien whjle clfr f f ianA occasional 1y a
tu f t  w i l l  su rv ive ' long  enough  to  add  i t s  du l l  g reen  to  the  co lo r less
tab leau.  A f te r  severa l  years ,  i f  the  recharge is  s t i l l  feed ing  the
brack ish  wa te r  in to  the  seep ,  a  c lass ic  sa l ine  so i l  w i l l  have  fo rmedn
comple te  w i th  d ispersed organ ics  l y ing  b lack  and wet  beneath  the
layered crust .  Once emerged,  sal  ine seeps can and do sprread--up s lope,
down s lope ,  ac ross  s lope ,0F  any  combina t ion .

0verl and Dra i  nage

Al though the hydrologic imbalance which dr ives the seep system
usual ly  reaches stabi l i ty  wi th the evaporat ion of  the excess water  f rom
the soi l ,  a  four th component  of  the system may exist .  Some seeps,  due
to  the  very  sha l low depth  to  the  impermeab le ' layer  and/or  h igh  rechafg€ ,
ac tua l l y  f low as  spr ings  dur ing  cer ta in  per iods  o f  the  year .  In  o ther
cases,  the sal  ts  cont inue thei  r inevi  tabl  e journey back to the sea '
camied by snowmelt  runof f  and over land f ' low resul t ing f rom cloudbursts.
Many seeps  occur  near  o r  w i th in  cou lees ,  wh ich  co l lec t  sur face  dra inage.
Precip i tat ion may f lush the sal ts  downstream several  t imes each year.
0nce the sal ts  enter  the sur face water  systems of  the state of  Montana'
thei  r  envi  ronmental  impacts become i  ncreas ' in91y d i  verse,  and d ' i  f f  i  cu l  t
to  t race and document.  The fo l lowing sect ion wi l ' l  examine in some detai l
the envi ronmental  impact  of  sal  ine seep on the sur face systems of  the
land  and  wate r .  Much  o f  th i s ' i nqu i ry  mus t  cu lm ina te  no t  in  conc lus ions '
bu t  in  ques t ions- -ques t ions  wh ich  w i l l  g ro lv  in  u rgency  as  the  prob lem
of  sa l ine  seep  inc reases .
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hwtnonMENTA- Impncrs

Concern For Environpental  Impacts of  Sal ' ine Seqp

Al though research  on  sa l ine  seeps  cont inues  to  be  d i rec ted  exc lus ive ly
toward tne i i iob lem faced by farmers ios ing -yaluable cropland,  many have
. . iog . i i eo  (sq ,  103 ,  l z0 ,  i+ t , . |44 )  tha t  o t f - s i te  resources '  such  as
sur face  water  qua l i i y ,  l i ves tock ,  and w i ld l i fe  a re  .be ing .  th rea tened
fV t t ' . -s i i t i ,  r i i t ratb in_and heavy metals t ransported to the land sur face
bi  the seeps.  f f re popular  press,  responding to inc idents of  damage
p i r rpor ted ly  caused by 'sa l inb  seeps ,  has  pou ied  ou t  many ar t i c les  descr ib ing
the environmental haiard representeO by tfre grqw'i !g_segP-problem in the
dry land  reg ions  ( .15 ,  38 ,  60 ;  179 ,  l88 ,  189 ,  194 ,  

. |95 '  . | 97 ) .

In lglg, State Senators Gordon Boll inger and Gordon McOmber introduced
1 eg i  s l  a t ion

. . .  request ing the Governor of  the State of  Montana immediate ly
to marshal al l  resources of the State and to seek emergency
aid f rom the Federal  government to hal t  fur ther  destruct ion of
Montana 's  na tura l  res6urces  in  so i l ,  water  and w ' i  ld l i fe  and
further damage to Montana' s ecol ogy and economy b.Y . lql  i  ne,:99P
caused by  ag i i cu l tu ra l  p rac t ices  and geo log ic  cond i t ions  ( . |37) .

In  add i t ion  to  agr icu l tu ra l  losses  the  b i l l  c i ted .  damage. to  water  supp l ies
l ;  ievera i ' va i  

' te i  
County  cornmuni t ies ,  loss  o f  f i sher ies  in  s tockwater

ponds in  nor ihea i te rn  Mbntana,  and the  e f fec t  o f  inc reas ing  qo l lu t ion .o f
i {on tana 's  waters  on  downst ream users .  The b i11 ,  wh ich  passed as  Senate
lo tn tReso ]u t ionNo.33 ,p romptedGovernorThomasL.Judge tose- tup
an Emergency Commit tee on'sal ine Seep.  In announcing the format ion
of  th is-sel lc t  s tudy commit tee,  the bovernor issued a news re lease on
Apr i l  25 ,  1973,  in  wh ich  he  rePor ted :

Es t imates  o f  sa l ine-a lka l i  damage in  Montana rangg f rom 150,00q
to  2S0,000 acres  o i  nont r r iga ted  c rop land.  And these des t ruc t ive
cond i t ions  are  spread ing  rap id ly .

Sa l  i ne -a l  ka l  i  cond i t i ons  a re  ru in ing  our  q rgP]g lds , -  Po l  1  u t ing
our  wa te r ,  des t roy ing  w i ld l i f e  hab i la t  and  k i l l i ng  l i ves tock .
Crop product ' ion has been reduced in many sal ' ine areas' many
streams are becoming unf i t  for  i r r igat ion,  some stockwater
ponds cannot  suppor{  i is f r  and deposi ts  around bogs have k i l led
1  i  ves tock .

The extent  of  sal  ine-al  kal  i  damage and i ts  adverse ef fect  on the
economy and ecology of  th is  stat6 has created a problem of
near -c r i s i s  p ropor t ions ,  and  we-canno t  a l low th i ;  to  con t inue  (58) .

Formed to  assemble  a l l  ava i lab le  knowledge about  the  causes  and e f fec ts  o f

Montana 's  seeps  and poss ib le  a l te rna t ive i  fo r  con t ro l  and rec lamat ion ,  the

f*.rg.n.V Comintttee gave only peripheral attention to the broader'
non-agr icu ' l  tura l  env ' i ronmental  impal is  of  sal  in . - | . .p .  

-  
Al  though Bahl  s '  (?7)
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report  to the Cornmit tee reviewed the ecological  impl icat ions and set
the suspected impacts in c lear  perspectr 've,  most  of  these impacts have
remained in  the  rea lm o f  specu la t ion  or  suppos i t ion .  A  more  comprehens ive
survey  o f  the  eco log ica l  aspec ts  and imp l ica t ions  (33)  appeared in  the
1973 Sec_ond Annual  Report  of  the Montana Environmental  Qual i ty  Counci l
( EQC )-fne srlrvey cofi?T[ded that " so i I and water pol ' l ution al'e the' two
most  severe  env i ronmenta l  impacts  o f  sa l ine  seep;1 i t t le  i s  known about
i  ts l  mpact on wi I  dl i  fe popul at i  ons . " More than anyth' i  ng el se , the EQC
report  revealed the scope of  present  ignorance about  the extent  (much
Iess  the  de ta i l s )  o f  these env i ronmenta l  impacts .  A  number  o f  very  bas ic
quest ions could not  then ( lgZS) be answered,  even wi th regard to more
obvious foreseeable of f -s i te damages of  sal  ine seep.  For example,  the
EQC repor t  posed the  fo l low ing  ques t ions  concern ing  water  qua l i t y  degradat ion :

l .  What components of  seep water  are causing the damage?

2.  How severe is  the damage?

3.  What is  the potent ia l  for  spread?

4. How may damaged waters be restored?

I t  i s  no t  ye t  poss ib le  to  answer  these ques t ions ,  o l  the  many o ther
ques t ions  re la ted  to  them,  in  su f f i c ien t  de ta i l  to  fu l l y  jus t i f y  the
sweeping general  s tatements which have heretofore const i tuted popular
no t ions  o f  the  env i ronmenta l  impacts  o f  sa l ine  seep.

Current Research

Si 'nce publ icat ion of  the EQC report ,  the state 
' l  
egis lature has

appropr iated $255,000 to be adm' in is tered by the Department of  State
Lands  fo r  s tud ies  o f  sa l ine  seep .  Some f ie ld  research  (64 ,  65 ,  67 ,68)
has  begun wh ich  w i l l  beg in  to  shed l ' i gh t  upon the  unknowns.  A l though
most  of  the t ime and money are focused on the agr icul tura ' l  p l ight ,
some data for  assessment of  the ecological  var iables are novl  beginning
to  be  co l lec ted .

As part of a contract with the Department of State Lands, the l , ' |a,ter
Qual i ty  Bureau of  the Department of  Heal th and Environmental  Sciences
has begun es tab l i sh ing  a  base l ine  water  qua l i t y  inventory  and sampl ing
network  fo r  waters  poss ib ly  a f fec ted  by  sa l ine  seep runof f  (39 ,  80 ,  103) .
As  one phase o f  th is  inventory ,  the  Bureau has  begun ana lys is  o f  h is to r ic
domest ic  water  qual i ty  in  communi t ies near known sal ine seep infestat ion
(81  ) .  Pre l im inary  f ind ings  f rom th is  ana lys is  w ' i l l  be  d iscussed be low
in  the  sec t ion  0n  domest ic  water  supp l ies .  Duncan,  head ing  the  Depar tment
of State Lands Sal i  ne-Al kal i  Advi sory Commi ssion '  s cument study of
sa l ine  seep and re la ted  prob lems ( t f re  successor  to  the  Governor 's
Emergency Committee), has requested that al 1 federal Committees for Rura' l
Development (CRD) prepare deta i led maps out l in ing sal ine af fected areas
in  the ' i r  respec t ive  count ies  (68)  .  Th is  mapp ing  shou ' ld  a t  leas t  a l  low
assessment of  the problem for  indiv idual  watersheds.  0ther  inventory
projects,  such as the use of  Earth Resources Techno' logy Satel ' l  i te  (ERTS)
capab ' i l i t y  and computer  mapp ing ,  have been proposed (118,  . |53) ,  

and Duncan
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(68)  reports that  necessary support  wi th in NASA for  such an ef for t
appears to be growing.  The Department of  State Lands has contracted
for  exper imenta ' l  photographic ' in f rared mapping at  a scale of  I  :80,000.
Black and wh' i te photographic reconnaissance at  th is  sca ' l  e  has proven
e f fec t i ve  in  Canada (2 ) .

In  June,1974,  d t  the  urgent  reques t  o f  the  Env i ronmenta l  Qua l i t y
Counci  I  and the Governor 's  Emergency Sal  ' ine Seep Commi t tee (4)  ,  the
Env i ronmenta l  Pro tec t ion  Agency 's  Nat iona l  F ie ld  Inves t iga t ions  Center - -
C jnc innat i - -sen t  a  team o f  aquat ic  b io log is ts  to  Montana.  Concent ra t ing
on four  stockponds and reservoi rs on the Highwood Bench,  th is  team
sampled f j sh ,  zoop lank ton ,  benthos ,  and phy top lank ton ,  ds  we l l  as  mak ing
deta i led  ana lyses  o f  water  qua l i t y  (40)

Degraded surface waters in the Highwood Bench area have been the
bas is  fo r  most  o f  the  repor ts  o f  f i sher ies  losses  due to  sa l  ine  seep.
Data  f rom these s tud ' ies  a re  no t  ye t  ava i lab le .

0n-S' i tg  Envi  ronmental  Impacts

Wel I  s .  Saturat ion of  aqu' i fers wi  th h ighly pol  l  u ted water  i  s  reported
to haf f i -nt r ibuted to decl  in ing water  qual  i ty  in  shal  low domest ic  wel  I  s
(8S) .  M i l l e r  (120)  no ted  hear ing  fa rmers ' in  the  a rea  say  tha t  sha l low
wel ls  on  the  H ' ighwood tsench became undr inkab le  dur ing  the  

. |940s ,  
and tha t

former ly  palatable spr ings (2 to 3 rnmhos EC2S) have become too l ' t ig !  i f
TDS and ni t rates for  safe use.  Data to supFort  these reports should be
col I  ected . As far as can be determ'ined , the decl ' ines coi nci de wi th
outbreaks  o f  sa l ine  seep on  the  Bench.  Ha lvorson (85)  i s  cur ren t ly
p repar ing  a  pub l i ca t ion  on  wate r  qua l i t y  in  sa l ine  seeps ,  bu t  h is  da ta
are  no t  ye t  ava i lab le .

Ha lvorson e t  a l .  (BB)  found up  to  
. | ,829 ppm n i t ra tes  in  sha l low

groundwater  in  seep discharge areai .  There are many reports of  wel ' l  s
in  eas te rn  Montana  becoming  unsa fe  due  to  n i t ra tes  (33 ,  36 ,  56 ,  57 ,76 ,
I 94 , 224). Decl i  ni  ng qua' l  ' i ty of muni ci  pal wel I  s al ong the Mi 1 k Ri ver
has  been  p rominen t l y -c i teO a l  ev idence  o f  sa l ine  seep  po l lu t ion  (137) .
Wh i le  i t  i s  ce r ta jn  tha t  sa l ine  seep  can  be  d i rec t l y  imp ' l  i ca ted  in  the
loss  o f  sha l low we l l s ,  i t  i s  p rematu re  to  spec ' i f y  wh jch  we l l s ,  and  in
wh ich  areas .  t l l e l l  water  in  much o f  Montana,  espec ia l l y  water  f rom sha l low
aqu i fe rs ,  j s  h i s to r i ca l1y  no to r ious  fo r  poo i  qub t i t y  d i re  to  a lka l in i t y  (76) .

Watson  and  He ider  (216)  inves t iga ted  the  feas ' ib i l  i t y  o f  desa l t i ng
munic ipa l  water  supp l ies  in  ten  Montana cornmuni t ies  (See F igure  9) .
Se lec t ion  o f  the  communi t ies  was done on  the  bas is  o f  popu la t ion  and on
cond i t ion  o f  the  mun ic ipa l  water  supp ly  in  te rms o f  TDS,  hardness ,  and
sul fates.  A thorough study was made of  the groundwater  sources used by
each communi ty ,  as  we l l  as  the  chemica l  charac ter is t i cs  o f  the  water .
Tabie 3 summarizes the chem' ical  analys is of  the water  for  s tudy communi t ies
tha t  a re  in  sa l  ine  seep areas .
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Tabl e 3. Compos i  te chemi cal anal ys' is. o-I sel ected communi ty

watLr  suppl  ies.  Under l  ined f igures-exceed USPHS

f imi ts  ib ; .  dr ink ing water  (2. |  6)  .  Al  I  f i  gures in ppm'

a

l,'lol f
Po i  n t

1100

Mal ta
lvled'ic i ne

Lake  C i r c le Fairvi  ew
Parameter

TDS
Hardness (CaC03)
Ca lc ium
Magnes i  um
Sodi  um
I ron
Carbonate
Bi  carbonate
Sul fate
Ch l  o r i  de
Ni  t rate
Fl  uor ide
pH

2260 898
T30' m6

24 69
17 32

750 235
0.  0  2 .4
00

950 662
91 0 243
Tf  1 l

0  
. | .0

4 .2  4 .  3
m q':0

57
45

293
0.9

60?
41 0-30-

960
m-

66
40

167. | .0

0
432
490
T

2
0.7

Nashua

2t 90
fm-m

90
440

1.3
0

480
I  250rc

0. . |. | .0

8 .3

I 380-690
92

110
260

0. . |
0

560
690
3B
5
0.7
8 .5

severar  of  these communi t ies de' ive at  least  a por t ion.  of  thei r

water  f  rom re lat . ive ly shai  iow aqui  rer i ' * r ' i i r l  mi  ght  cbnce jvably be receiv ing

pol lut ion f rom sal inb , . .p g;out iawatei .  No men[ ion ' is  made of  such

problems by wit ion and Heioer, and ttrey m.ake effort to document historical

values for any of the pa1am9lers, oi l tei  i tranto indicate that these reg' ions

have never  en ioyeA f loh-d lka l ine  water  supp l ies .

In  genera l ,  records  dOcument ing  changes^ in ,water  qua l j t y  over  t ime

are  spo t ty  and  ques t ionabre  a t  bes t i ; ;d  ion fus ing  o r  m ' i ss ing  a t  wors t '

Gormann (80,  gr)  has u*gun-.o*pi iu i ion ind anarysis of  wel l  records for

communi t ies  in  sar jne  seep areas .  i r  a i t . ,  he  i ras  been ab le  to  es tab l i sh

no c lear ly  de f ined long- {e t ;  t rends  in  water  qug ' l i t y '  and  no  de ter io ra t ion

tha t  can  be  I  jnked spec j f . i ca l l y  to  g rowl f i  o f  s i t ine-  seep.  N i t ra tes  in

the Denton commun. i ty  wat . t - ivr iem hive increased s1i  ght ly  s ince 
. |959 

'

and exh jb i t  a  marked seasona l  A ip  {u t ing  lhq .ear1y  t iTT* f .months '  Coming

dur ing  the  h igh  f tow p . . i oo l  the 'a i [1ay  iN ica te  a  d i lu t ion  o f  po l lu tan ts

wi th in  the  aqu i fe r .  In  h is  survey  6 t  t i l .  l i te ra tu re  on  n i t ra te  accumula t ion
jn  p lan ts , ; ; i i , -  and  wu l . r ,  v ie t i  (2 rg )  conc luded  tha t  the  n i t ra te

composi t ion of  wei l  waters i ructuat ; ;  ; l . isonar iy  and of ten errat ica l ly" '

Ni t rates in the Denton Jomest ic  water  a ie t reque-nt ly  above.  B0 mg/ l

mak. ing the water  quest i ; i lb ie io i  human consumpt ' ion,  but  the residents

apparent ly  have exper i .n. .a no not iceaure ' i i l  b f tects (36) .  The town

has recent ly  tapped toui -h ' ighen .qugi  i tV spr ingl  '  and I  evel  s  of  n i  t rates

in Denton * i ,n i . l i l i  waiet  h ive decf  ined s ince 1972'

Fur ther  compl ica t ing  the  anarys is  o f  seep_ef fec ts  
' i s  the  fac t  tha t

many of  the so-cai led sai ine seep af fected wei ls  are located in areas

sub jec t  to  ex tens ive  i r r iga t ion  seepage.  Leakaqe f rom i r r iga t ion  s t ruc tu res

has  c rea ted  ex tens ive  sar ine  , . .pagL- in_a manne i  en t i re ly .  ana logous to

the  c lass . ic  d ry land r . .p i i  r , .n i . ' i i  i s  f iequent ly  imposs ib le  to  eva lua te

reports of  wel l  pol lut ibn wi thout  f i rs t -har id observat ion of  the source'
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And in  many cases ,  such as  Nashua,  Frazer ,  Ma l ta ,  Wio ta  and o ther
communi t ies  a long the  Mi lk  R iver ,  a  combina t ion  o f  bo th  types  o f  seepage
may we l l  p rove  to  be  the  cu lp r i t .

Barber (36)  reports the death of  several  cat t le  in  h is  herd f rom
suspected  n i t ra te  po ison ing  severa l  years  ago.  Th is  herd ,  most  o f  wh ich
showed no i l l  e f fec ts ,  was  l im i ted  to  water  f rom a  sha l low we l l  in  the
Denton area.  The wel l  was subsequent ly  abandoned,  and no known water
samples  were  taken to  conf j rm the  d iagnos is .  Dr .  Conne l l  o f  the  Glasgow
Vete r ina ry  C l in i c  ind ica ted  (56)  tha t  ve ry  few ca t t le  in  h is  a rea  a re
watered  o f f  sha l low we l ls  due to  very  poor  qua l i t y .  I t  j s  known tha t
the dry land acreages have been hard h i t  by sal ine seep in both of  these
areas ,  bu t  w i thou t  ex tens ive  mon i to r ing  o f  we l l s ' i n  these  loca t ions ,  i t' i s  imposs ib le  to  s ta te  how much o f  the  prob lem is  re la ted  to  sa l ine  seep.

l - la lvorson (85)  pu t  the  prob l  em o f  mon i to r ing  in  a  rea l  i s t i c  perspec t ive .
Re fe r r ing  to  h is  in tens ive  mon i to r ing  o f  a  s ing le  seep  (87) ,  he  s ta ted
tha t  the  chemica l  qua l i t y  o f  g roundwater  i s  complex  and h igh ly  var iab le
even over  shor t  d is tances .  I t  wou ld  take  many c lose ly  spaced we l ls  to
determine beyond quest ion how a g iven wel l  had gone sour,  Such a moni tor ing
sys tem wou ld  be  unrea l i s t i c  o r  o f  very  l i t t le  p rac t ica l  va lue  in  most  cases .

Halvorson and h ' is  co-workers are current ly  exper iment ing wi th a
device whjch may make moni tor ing of  seep-prone areas more pract icable.
Or ig inal ' ly  developed many years ago for  geologic research,  the 4-probe
method o f  assess ing  f ie ld  so i l  res is tance has  receht ly  been app l ied  to
the  s tudy  o f  sa l ine  seep  in  the  nor thern  Grea t  P la ins .  M i l l e r  ( l 2 l )
used a 4-probe in some of  h is  work on the Highwood Bench,  and found that
i t  a l lowed h im to  loca te  cer ta in  fea tures  such as  the  sha le  layer  and
the  top  o f  the  water  tabJe.  Ha lvorson and Rhoades (89)  have been re f in ing
the  equ ipment  and in te rpre ta t ion  o f  resu l ts ,  and are  cur ren t ly  a t tempt ing
to  ca l ib ra te  the  dev ice  and to  compi le  a  f ie ld  manua l  fo r  Montana (85) .
M i l l e r ,  B rown,  and  Ferguson  a re  a lso  jnvo lved  in  th i s  p romis ing  research .

The  4 -p robe  dev ice  cons is ts  o f  4  s ta in less  s tee l  e lec t rodes  (1 .3  by
5 l  cm. )  se t  in  the  ear th  equa l ly  spaced in  a  s t ra igh t  l ine ,  and connected
to a geophysical  Megger- type earth res istance meter .  An electr ica l
charge is  genera ted  be tween the  pa i red  se ts  o f  eJec t rodes ,  and res is t i v i t y
( t f re inverse of  conduct iv i ty)  is  read f rom the meter .  The electrodes
are then moved a speci f ic  d is tance aparto and the procedure is  repeated.
Af te r  tak ing  a  number  o f  such read i rgs ,  the  va lues  are  ad jus ted  ( to
correct  for  the geometr ic  character is t ics of  the subsurface e lectr ica l
f i e ld )  by  us ing  equa t ion  ( l ) ,

ECu== l=
ET- (r)

where  a  i s  the  in te r -e lec t rode spac ing  in  cm and R is  the  measured so i l
res is t i -nce :  ' i n  ohms (89) .  When p lo t ted  as  ECa vs ,  a ,  d is t inc t i ve ly  shaped
curves are found for  recharge areas,  sal ' ine sEep (d ischarge) areas,  non-seep
si  tes,  and i  ntermedi  ate s ' i tes,  F i  gure 1 0 i  s  reproduced f rom the for thcomi ng
pub l i ca t ion  by  Ha lvo rson  and  Rhoades  (89) ,  i l l us t ra t ing  the  c lea r  d i f fe rences
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a

I

between curves for  the three types of  s ' i tes.  Subsurface "eventsr"  such
as  the  top  o f  the  water  tab le , - imper rneab le  layers ,  and sa l t -bear ing
aqu i fe rs ,  can  be  assoc ia ted  w i th  changes in  s lope o f  the  curves .  The
ddpth  beneath  the  sur face  wh ich  is  be ing  sampled  in  a  g iYg!_res is t ' i v i t y
read ing ' i s  rough ly  equa l  to  the  ' i n te r -e lec t rode  spac ing  ( . |66 ) .  Th is  i s
i l l us t ia ted  in "F igure  l J ,  wh ich  shows p ' lo ts  o f  ECu vs .  a - fo r  a  recharge ,
seep f r inge ,  and Oischarge area  on  the  H ighwood Bench.  A t  p resent '
d r i i  l  i ng  i s  s t i l1  requ ' i r ^ea  to  conf i rm the  mean ing  o f  - these_ ind ica tors .
The 4-p iobe is  a  s imp le  and accura te  means o f  de termin i lg  EC25. in  the
f ie ld  w i thout  compl i ta ted  so i l  ex t rac t ion  procedures .  The dEVice
promises to becomb a major  tool  for  d iagnob' is  and moni tor ing of  sal ine
seeps and the i r  subsur face  ac t iv i t ies .

So1l  s .  Soi  I  s  in  d i  scharge areas general  1y remain wet  throughout  the
year,Td-may discharge water during the spring and early surnmer. The
iur f i ce  j s  u iua l l y  en i rus ted  w i th  t [e  wh i te  c rys ta l l ine  depos i t  tha t
charac ter izes  sa l ine  so i1s ,  composed o f  heavy  meta ls ,  and c rys ta ls  o f
sod j  um, magnes i  um, and cal  c ' ium sul  fates and chl  or i  des .  Data f  rom
l- la ' lvorson and nia ik  (87)  indicate that  so ' i  ls  in  d ' ischarge areas of  thei r
study seeps shoul  d b;  c lassi  f  ied as sal  i  ne-al  kal  i  so i  1 s.  ECZS ranged IP*
g  to  38  mmho-cm: t ;  i rd i ca t ing  h igh  sa l in i t y .  The  sod ium absorp t ion  ra t io
(SAR) ,  wh ich  is  near ly  ana logous- to  the  exchangeab le  sod iu rn  percentage
( fSp) ,  ranged f rom 9  to  74 ,  

-Th is  
ind ica tes  a  very  ! ' ' :g l t . leve l  o f  sod ium '

ia t i6n  t ie lup  o f  ava i lab le  exchange s i tes .  Comparab le  da ta  a re  no t  ye t
ava i lab le  fo r  seeps  on  the  H ighwo6d Bench.  Brown (47) ,  Ferguson (79) '
and M. i l ' l e r  ( . |20)  hgree  tha t  s6d ium bu i ldups  occur  on  the  ca t ion  exchange
s i tes .  USDA f igures  (206)  fo r  SAR va lues  fo l low:

Type of Soi l

Nonsa l  ine-nona l  ka l  ine
Nonsal  i  ne-al  kal  i  ne
Sal  i  ne
Sal  i  ne-al  kal  i  ne

T.vp'i ca] SAR AnalYs'i s

0 .8  to  7 .5
I  3 .9  to  35 .0
10 .5  to  17 .4
24.4 to 67.6

For  many years ,  i t  was  presurned tha t  sa l ine  seep^damage to  the  so i l s
y1as  "near ly  i r l .ever i ib le "  ( lS1  ,  s ince  h igh  sod ium ra t ios  usua ' l  l y  cause
mi jo .  s t ru i tu ra l  degradat ion  i6 t  low ' ing  leach ing  o f  ca lc ium and pagnq: iu f
ca t ions  f rom- the  pr6 t i te .  Inves t iga tors  nov l  repor t ,  howev€Fr_ tha t .d ischarge
area so i l s  usu i t ty  recover  once th6  water  leve l  i s  lowered be low the
roo t  zone  (47 ,76- ,85) .  Due  to  the  low ra in fa l l ,  th i s  recovery  take l
two to three year i .  fh is  a l lows t ime for  normal  cat ion exchange rat ' ios.
to  be  rees tab i i shed,  wh ich  pro tec ts  the  so i l  f rom def loccu la t ion"  Leach ing
the  pro f i le  sudden ly ,  as  w i t t r  f lood ing ,  wou ld  cause severe  prob lems w i th
sod ium remain ing  on- ihe  exchange complex ,  even i f  the  undes i rab le  sa l ts
were  o therw ise  iemoved.  Brown- (166)  repor ts  "se l f - rec la imed"  f ie lds  now
recovered to  near ly  the i r  o r ig ina l  p roduc t iv i t y .  He caut ions ,  howevern
that after more than three years as a sal ine-al kal i  soi l  ,  recovery may
not  be  as  rap id  o r  comple te .
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In  th is  respect ,  i t  is  perhaps for tunate that  the three a lkal i  metals
tend to  occur  together  in  sa l  ine  seeps .  The magnes ium and ca lc ium ca t ions
compete  w i th  sod ium fo r  exchange s i tes ,  and he lp  to  re ta in  so i l  aggregat ion .

App l i ca t ion  o f  o rgan ic  mate r ia l s  may  a lso  be  bene f i c ia l :

The ava ' i lab le  da ta  jnd ica te  tha t  o rgan ic  mat te r  impr "oves  and
prevents  de ter io ra t ion  o f  the  phys ica l  cond i t ion  o f  the  so i l
by  i t s  in te rac t ' ion  w i th  the  inorgan ic  ca t ion  exchange mater ia l  ,
by serv ' ing as energy mater ia l  for  microorganisms which promote
the  s tab le  aggrega t ion  o f  so i l  pa r t j c les ,  and  by  decreas ing
the  bu lk  dens i t y  o f  so i l s  (206) .

Sof l Mi_cfqgl^ggl_t J!L!. Soi I mi croorgani sms i n di scharge areas probably
expers jnd ive rs . i t y -andcommun i tycompos i t . i onwhen
thei  r  envi  ronment i  s  f l  ooded wi  th h ' ighly sal  i  ne groundwater .  No bio l  ogi  cal
s tud ies  concern ing  these impacts  o f  sa l ine  seep were  loca ted  dur ing  the
present  inves t iga i ion ,  Consequent ly ,  no  spec i f i c  da ta  can be  rePgr ted
here .  A l though Ferguson (76)  conf i rms tha t  the  spec t rum o f  subso i l
o rgan isms must  change when the  so i l  i s  wet ted ,  h€  fee ls  tha t  once the  area
' i s -d r jed  ou t  and re i la imed,  the  communi t ies  w i l l  become rees tab l j shed.
Th is  conc lus jon  i s  open  to  inves t iga t ion .

Rodents .  Ground-dwel l ing  rodents ,  inc lud ing  gophers  and f ie ld  mice ,
a reo ] f f i abysa l ineSeep.Foodsources in thed ischargeareaare
a lso  Ios t ,  and  severa l  fa rmers  (1 . |5 , . |73 )  observed  tha t  roden ts  ra re ly
venture across the open sal t  barrens.  Large seeps may temporar i ly_
' increase rodent  densi  t i  es in adjacent  f  ie l  ds ,  but  the popul  at ion wi  1 I
qu ' i ck ly  s tab i l  i ze  a t  o r  near  the  fo rmer  dens i t ies .

Vegeta t ion ; i  The response o f  the  vegeta t ion  to  sa l ine  so i l s  i s
f f i ; . va r ie tyb t . fac to rs : l ) - so i l tex tu re ;2 )d is t r jbu t iondependent up

o f  sa l t  i n  the  p ro f i l e ;  3 )  compos i t i on  o f  the  sa l t ;  and  4 )  the  spec ies
o f  p lan t  (206) .  So i l s  w i th  h igh  ESP (above  l5 )  may  become d ispersed
and less  permeab le  to  a i r  and water .  Th is  i s  a  ma ior  res t r i c t i ve  fac to r
in  p lan t  g rowth  (37 ,  214) .  Sa l t - to le ran t  p lan ts ,  o r  ha lophy tes ,  a re  no t
a l l ' equa lTy  sa l t  to le ran i .  The  dep th  o f  the  sa l t y  wa te r  benea th  the  so i l
sur face wi i t  make a major  d i f ference in the composi t ion of  nat ive cornmuni t ies
on res idua l  s i tes  (206) .  Sa l ine  seeps ,  when sa tura ted  th roughout  the
root  zone,  present  an addi t ional  hazard.  Plant  roots must  carry on respira-
t ion  cont inuous ly ,  wh lch  means tha t  oxygen must  be  present  in  the  so i l
( . |48) .  Most  f ie ld  c rops  are  no t  adapted  to  long- te rm submers ion  o f  the i r
root systems.

Vege ta t i ve  response  to  the  so i l ' s  sa l t  compos i t i on  may  inc lude
reduced growth  o f  the  p lan t  o r  p lan t  par ts ,  nu t r i t ' i ona l  imba lances  due
to osmot ic  st resses prevent ' ing water  and food uptake by the roots,  oF
tox jc  reac t ions  to  sbec i f i c  s i l t s  o r  comb ina t ions  o f  sa l t s  (140) .  These
impacts  a re  ex t remely  complex  and d i f f i cu l t  to  d is t ingu ish :

I t  appears . . . tha t  d i f fe rences  in  p lan t  to le rance  to  excess ive
concent ra t ions  o f  ions  in  the  subs t ra te  a re  re la ted ,  in  some
degree,  to  spec i f i c  se lec t i v i t y  jn  ion  absorp t ' ion  and nu t r ien t
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requirements of  the p lants.  In addi t ion to these factors,  there
is 'a lso a marked di f ference among species in the amounts of  such
ions as sodium and chlor ide that  can be accumulated wi thout  tox ic
e f fec ts  (206) .

Sal ts  a ' l  so reduce the avai labi l  i ty  of  cer ta in soi  1 micronutr ients by
d isp lac ing  them on the  exchange cbmplex  o f  the  so i l  ( . |23) .  F igure  12
shows genera l  sa l t  to le rance o f  f ie ld  c rops .

A typical  chronology of  vegetat ive response to the incurs ion of  a
sa l ine  seep has  been presented  above.  A f te r  the  seep is  we l l  es tab l i shed '
Kochia and foxta i l  bar ley f requent ly  dominate whatever vegetat ive cover
is  found on the s i te.  Kochia grows extrernely wel l  on f r inge areas of
seeps ,  whi  1e foxta ' i l  wi  l1  invade the wet ter  in ter ior .  I f  the seep i  s_ on
cropland,  general ly  the farmer wi l l  make every ef for t  to work the soi l
i  f  i t  dr ie i  enough to support  the weight  of  h is  machinery.  Thus i t  is
o f ten  the  case tha t ,  d l though the  seep is  no t  cured ,  i t  w i l l  remain  in
th is  ear ly  state of  d is turbed succession for  many years.  Kochia and
fox ta i l ,  oppor tun is t i c  annua ls ,  w i l l  be  jo ined by  a  few o ther  ha lophy tes
i f  the stand is  le f t  undisturbed for  a year or  Inore.  Studies of  natural
succ.ession on sal  ine seeps have not  been done (47 ,  76)  ,  nor  have there
been any known data publ ished on d ivers i ty ,  s t ructure,  or  product iv i ty
of  sal  ine seep success jona' l  corrnuni  t ies,

Eor l r y

Sugo  rb r r l  r

(  o t t o n
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l { h ro l
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In formal  observat ions made dur ing the course of  the current  pro ject
suggest  tha t ,  when le f t  und is tu rbed,  vegeta t tve  spec ies  d ivers i ty  g rea t ly
increases  a f te r  the  f i rs t  severa l  years  as  add i t iona l  ha lophy t ic  p ioneers
f ind  the i r  way  on to  the  s i te .  Produc t iv i t y  ( ra te  o f  b iomass convers ion)
probably decreases as Kochia is  jo ined by s lower-growing woody species.
Schne i t  (173)  has  a  f i ve  year  o ld  seep  wh ich  occup ies  l5  ac res .  F low ing
water  is  ava' i lable near the center ,  and a dense conrnuni ty  of  sedges
(Carex  FLg. )  and ca t ta i l  (Typ f ra  la t i fo l  ia )  occup ies  th is_  s i te .  0n
tm, i l r ieFTr inges,  sdl tgrur  ,  several  species of  the
mustard  (Cruc i fe rae)  tami ty ,  p  Ep. ) ,  Iamb 's  quar 'uer
(Chenopodlr-unr sp-l l l  wi ld oats (Rvena @ (Convolvulus q-Lvelns1-t-)
;nAl-Tfrttgrast(aiomus !p. ) aie weTt estTbi i shed , g I on nt
Kochi a and foxtaTllQ-uack grass (Agropyron rejens ) and several spec i  es
of wheatgrass (Agrop.vron spi. ) havd$dun-toTffiwa out the foxtai I i n
the dr iest  sectTons oF the seep.  Al fa l fa,  seeded in an at tempt to dry up
the s i te,  has fared poor ly  except  on the extreme f r inges where i t  s t ruggles
a long w i thout  much v ' i  gor .  Schne i t  was  ab le  to  p low the  s i te  severa l  years
ago when he  seeded the  a l fa l fa  and some ta l l  wheatgrass .  Koch ia  and fox ta i l
were the f i rs t  p lants to grow, and the present  communi ty soon fo l lowed.

I f  le f t  und is tu rbed 
' long  

enough,  the  s i tes  wou ld  p robab ly  evo lve
in to  sa l t  shrub  communi t ies . -  Bran ion  e t  a ' l  .  (4 . |  )  nev iewqg sa l t  deser t
shrub vegetat ion in the western Uni tedTt f fes and c lassi f ied communi t ies
in  te rms-o f  max imum to le rances  to  osmot ic  s t ress .  Tab le  4  summar izes
shrub communi ty occurrence in the jntermountain area a ' long osmot ic  st ress
and conduct iv i t y  (ECZS)  grad ien ts .  ECZS in  sa l ine  seep so i l s  ranges
upwards f rom B nunhos-cm-I  ,  indicat ing [hat  shrub cornmuni t ies which might
be  expec ted  to  deve lop  on  sa l ine  s i tes ,depend ing  on  d is t r ibu t ion  and
ava i lab i l i t y  o f  seed ,  wou ld  inc lude  deser t  mo11y  (Koch ia  ame l i cana) ,
greasewood,  sal  tbush,  a l  kal  i  sacaton,  sal  tgrass,  seepweed,  91 asswort  '
and p ick leweed.  The sal t  marsh zone communi t ies occur in  p laya bot toms
in  the  Great  Bas in ,  and the  wet tes t  seeps  wou ld  p robab ly  evo lve  to  th is
type o f  vegeta t ion  i f  le f t  und is tu rbed.

Many coulees are af fected by sal ine seep,  and where these coulees
have no t  been fa rmed (due to  s teepness  or  inaccess ib i l i t y ) ,  na t ive  shrub
and deciduous vegetation may be affected by the encroaching sa' l ty water.
Dusek  (001 s tud ied  range vegeta t ion  in  cent ra l  Montana in  re la t ion  to
the  feed ing  hab i ts  o f  mu le  deer .  H is  survey  o f  cou lee  range ind ica ted
tha t  the  f loodp la ins  o f  the  major  d ra inageways and s ide  cou lees  were
typ ica l l y  inhab i ted  by  s i l ver  iage  (A f ten ts lq  gg !q) ,  w i ld rose  (Rosa sPP. ) ,
c6f tonwo6o ( Popql us all toi des ) , ind 

'affiirerl 
TTooilpl ai n meadowTS-tffis .

Impacts of  saf  ine seep in these cornmuni t ies should be qui te marked,  wi th
decreased d ivers i ty  and produc t iv i t y  due to  comple te  o r  par t ia l  loss  o f
vegetat ive cover.  Secondary succession would favor one or  more of  the
above ha lophy t ic  types  (a f te r  the  usua l  Koch ia- fox ta i l  phase) .

S lopes  above f loodp la ins  and in  the  lower  sec t ions  o f  some s ide
cou lees  are  occup ied  by  the  b ig  sage type.  Subtypes  inc lude the  b ig
sage-Agropyron,  b ig sage-greasewood,  greasewood,  deciduous-shrub,  and
Jun iperurs  spp.  communi t ies .  B ig  sage is  no t  espec ia l ' l y  sa ] t  to l  e ran t ;
hence greasewood could be expected to increase markedly 0n sal in ized
s' i tes.  Greasewood is  found near the lower end of  the gradient  of  ECZS
values found in seepage soi ls ,  however,  and stabi l i ty  of  th is  cornmuni ty
might  be  upset  by  f luc tua t ions  in  sa l t  concent ra t ions .
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Tab l  e  4 .

Osmot ic  Stress
at

F ie ld  Capac i t y
(Atm.ospheres )

0 .  0 l
0 . ]
0 .2

0.6
0.6
2,2
3.2
5.0
5.0

0smotic Stress
at  Saturat ion
(Atmospheres )

1 ,5
2.9

16
23
35
35

Communi ty di str i  buti  on i  n j  ntermounta' in shrub zones
a long grad ien ts  o f  osmot ic  s t ress  and ECZS (4 . | ,  206) .

Spec i  f i  c
Conductance

(mmhos/cm at  25oC)
SAGEBRUSH ZONE

Vegetati on Comm-uni ty

1
1
1

L i t t l  e  rabb i tb rush  (Chryso thamnus .v isc id i f lo rus)
Bi g sagebrush (nr:!em
Black  sagebrush

SALT DESERT SHRUB ZONE

Bud sagebrush (Arter .n i  s i .a gpinescens)
Win ter fa t  (Eunot ia  lanata)
Shadsca le  ( f f i t i fo f  ia )
Desert Mol lv llRocliTaffi
Greasewood (Saff iatus)
Nut ta l l  sa l t  )
Mat sa I tbu s h (Atr jFTffiorru6'eTer

SALT MARSH ZONE

Rabbitbrush (Chrysothamnus nauseosus.)
Al kal i sacatoffi tiro:filesI
Sa l tgrass (D is t i
Seepweed (S
Glasswor t  and S.

?
2
6
0
3
3

4
8

36
52

>60
x0 Pickl eweed

Dusek (69)  found a grassland type of  table lands above major  dra inages
and in  sha ' l low.upper  cou lees .  Subtype communi t ies  were  dominated  by
need legrasses  (S t ipa  sFF: )  on  range lands ,  cash  g ra ins  on  agr i cu ' l tu ra l
lands ,  dec lduous-J IFuEs (Rhus t r i loba ta ,  Rosa spp. ,  Symphor icarpos  spp. )
on mesic s'ites such as heffiofro'u]ees aild'eFi6ssi lees,
and  the  J_un iperus  spp .  sub type  on  s lop ing  s ides  o f  cou lees .  I t  i s  d i f f l cu l t
to predicfTfie Tmpff is of si i  ine seep on-these communit ies, beyond the
certa in knowledge that  most  of  them would be severely changed.

L ' i t t le  ef for t  wi l l  probably be made to rec la ' im coulees and non-cropped
land so  there  w i l l  be  ample  oppor tun i ty  fo r  de f in i t i ve  s tud ies  o f  secondary
success ion  a f te r  sa l ine  seep invas ion .  Such s tud ies  w i l l  be  necessary  to
determine changes in species,  cover,  general  carry ing capaci ty ,  and a host
of  ecol  ogi  ca]  var i  abl  es such as microcl  imate ,  moi  s ture regime o and
symbi ot i  c and synerg' ist i  c rel at i  onshr'ps between soi I  s ,  pl ants ,  and
microfauna and macrofauna.

N,o,x iq ls  and Poisonous Plants.  Rangeland vegetat ion in Montana is
somet  by  no i ious ,  o r -undes i rab le  spec ies .
Cornmon noxious p l  ants are Russian th i  s t l  e  (Sal  sol  a kal  i  )  ,  knapweed
(CeI . tau reamacu]osa) , f r i ngedSage(Ar temis@broomsnakeweed
(ffizieffi 'rie) . pii ckl y-oeaFT0puntlaloffi;ntha ) . Canaciian
t , and ?l bt a bi n&€ed-rc0ffio'lEfiig irvensi s ) (t 32) .
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No data
th i  s t l  e
bi ndweed
County.

were  found on  the  sa l t  to le rance o f  these spec ies ,  bu t  Russ ian
is f requent ly  seen in
was co l  I  ec ted ,  a long
The extent to which

sa l ine  seeps  is  no t  known a t

or  near  seeps  in  nor thern  Montana,  and f ie ld
wi th  knapweed,  f rom an o ld  seep in  Fa l lon

these  less  des i rab le  spec ies  w i l l  i nvade
present .

Poisonous p ' lants contain or  produce "substances that  cause s ickness,
death  or  a  dev ia t ion  f rom normal  s ta te  o f  hea l th  o f  an ima ls"  ( l lZ1 .  B lack
greasewood ( Sarcobatus vermi cul atus ) ,  chokecherry ( Prunus vi ryi  nl ana ) ,
irrowgrass (TFi-qfocfi n ffii kl eburr ( xairtnl rimTrunil{liqml.-, Aeath
camas-(ZvgadenusVenenosus) , lup ine(LupinuscanGtusJ,- ima-(Astraga1us
spp.), arilTffi@ oisonous spedTEfEf-
ffifr-tana ranges (t SZ1. 

- 
Amowgiasi an?-Th'okecherry contain cyanides and

are part icu lar ' ly  dangerous dur ing droughts.  Greasewood,  the most  common
po isonous p lan t  on  Montana ranges,  con ta ins  subs tan t ia l  quant i t ies  o f
oxa l i c  ac id ,  wh ich  causes  severe  imba lances  in  ca lc ium regu la t ion  in  the
body.  Cock lebum seed l ings  conta ' in  a  h ' iqh ly  tox ic  g lucos ide ,  xan thos t rumar in .
Death  camas,  a  verna l  perenn ia l ,  con ta ins  s te ro id  a lka lo ids  o f  vera t rum,
a powerfu l  nerve tox in.  Locoweeds are part icu lar ly  favored as forage by
horses ,  and losses  may be  severe .  Lup ines  are  respons ib le  fo r  some l i ves tock
losses  in  nor theas tern  Montana each year ,  and conta in  complex  a lka lo ids
wh ich  are  most  tox ic  in  la te  surnmer  ( l5B) .  Most  o f  the  o ther  spec ies  are
also dangerous only at  cer ta in t imes of  the year,  and to cer ta in specl :es
o f  an ima l  s .

Spread of  these spec' ies to sal ine seep successional  cornmuni t ies may
occur,  d l though author i t ies consul ted dur ing the present  pro iect  deny that
i t  ' i s  a  p rob lem ( . | ,  . | 9 ,  

26 ,  36 ,  47 ,  50 ,  56 ,  63 ,  76 ,  78 ,  85 ,  94 ,  97 ,  99 '
l15 ,  l 16 ,  ]57 , . |70 ,  172 ,200 ,  205 ,222) .  Less  severe ly  a f fec ted  s i tes
may support  greasewood af ter  a few yearsr  as d iscussed above,  but  the
importance of  th is  eventual i ty  f rom the standpoint  of  l ivestock management
is  not  yet  documented.

Domestic Li vestoqtih Li vestock probl ems connected wi th sal i  ne seeps,
atthoff iTTdElyfGFoff id in the popuiar press (e.g., 179-.|98) and elsewhere
(33 ,58) ,  a re  exceed l ing ly  d i f f i cu l t  to  l i nk  to  sa l ine  seep  in  an  i r re fu tab le
manner. No known research, outside of the informal survey conducted as
part of the present project, has been done to document the reported
inc idents ;  most  c la - ims re ly  on  c i rcumstant ia l  ev idence.  However ,  i t  i s
en t i re ' l y  reasonab le  to  expec t  tha t  l i ves tock ,  a long w i th  a l l  o ther  b io ta
in  seep areas ,  v l i l l  be  impacted .  0n-s i te  impacts  a f fec t ing  l l ves tock
are di scussed ' in thi s secti  on ; probl ems connected wi th po1 I uted s urface
waters are deferred unt ' i l  a  la ter  sect ion.  There are three major  areas of
concern wi th regard to on-s i te impacts on I ivestock.

t, . |e have d' iscussed the vegetative changes which can be expected when
a rangeland is  invaded by sal ine seep.  Loss of  s table gr^ass1and ecosystems
and replacement,  by Kochia and foxta i l  wi l l  reduce the caruying capaci ty
o f  the  pas ture land.  Koch ia  i s  h igh ly  pa la tab le  and pro te in  r i ch  (45 ,  72)
dur ing  the  spr ing  and ear ly  summer ,  and prov ides  exce l len t  fo rage.
However,  dS summer advances,  the mature p lant  toughens to the consistency
of  wood,  and l i ves tock  cease to  g raze i t .  Fox ta i l  i s  use less  as  fo rage,
pr imar i l y  due to  i t s  heavy  beard .  Consequent ly ,  sa l ine  seep d ischarge
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areas  can be  used on ly  seasona l ly ,  and the  produc t iv i t y  o f  the  s i tes  i s
thereby lowered.  This lower product iv i ty  and subsequent  reduct ion in
camying capaci ty  may force heavier  grazing on adjacent  rangeland,  and
subsequent  damage to the qual  i ty  of  those pastures.

St r ipp ing  the  so ' i l  bare  inv i tes  invas ion  by  a l l  t ypes  o f  oppor tun is t i c
annua l  weeds.  A l though l i t t le  ev idence is  found o f  ex tens ive  invas ion  o f
d ischarge  a reas  by  nox ious  o r  po isonous  spec ies ,  th i s  i s  s t ' i l 1  a  poss ib i l  i t y .

The saturated soi  I  s  may present  physical  d ' i  f f i  cu1t i  es which,  g l  though
probably of  I  i t t l  e  s igni f ic lnce,  deserve ment ' ion.  One farmer (1. |6)  reports
that  a few range l ivestock have been lost  when they became stuck in the
deep mucky  so i i s  near  res idua l  a lka l i  p layas .  I f  no t  d iscovered and
rescued,  the cat t le  and horses d ie f rom lack of  water .  Another in terest ing
quest ' ion is  whether quicksand might  be formed in d ischarge areas in rare
i  ns tances .

Satura ted  sa l ine  so i l s  migh t  have metabo l ic  ' impacts  i f  l i ves tock
I ick  the  sa l ts  in  an  a t tempt  to  ob ta in  sod jum and t race  nu t r ien ts .
Veter inar ians  consu l ted  dur ing  th is  p ro jec t  cons ider  th is  to  be  un l i ke ly
(1 ,  26 ,56 ,63 ,83n  94 ,  115) .  Ano ther  poss ib le  impac t  wh ich  has  been
ment ioned by  Dr .  Ha lver ,  S ta te  Veter inar ian ,  i s  the  harbor ing  o f  d iseases
whose vec tors  f ind  the  mois t ,  sa l ty  so i l  an  idea l  hab i ta t .  Dr .  Ha lver
(83)  ind ica ted  tha t  te tanus ,  ma l  ignant  edema,  b ' lack leg ,  and o ther  d iseases
produced by organisms of  genus Clostr id ium may be propagated on h ighly
alkal ine soi ls .  Anthrax was onFf f i f f id iseases ment ioned as needing
an alkal i  medium for  reproduct ion.  Dr.  Halver 's  concern vvas not  seconded
by any other veterinarians contacted during the present invesTi! 'at ion,
a l though i t  was conf i rmed (57) that  s tagnant  a lkal i  waters or  saturated
a lka l i  so i l ,  a long  w i th  o ther  h igh ly  spec i f i c  env i ronmenta l  cond i t i ons ,  a re
invo lved in  the  f  i fe -cyc1e o f  these d isease organ isms.  Th is  poss ib le
impact  def in i te ly  should be kept  in  mind for  future research ef for ts .

L ivestock may incorporate sal ts  and metals in to thei r  t issues through -
p lan t  consumpt ion .  Metabo l ic  o r  tox ic  impacts  to  these l i ves tock  conce ivab ly
cou' ld be expected i f  they consume excess' ive annunts of plants whi 'ch have
taken up certa' in sal ts or heavy metal s from the soi I  .  None of the experts
contac ted  about  th is  possr 'b i ' l  i t y  thought  tha t  i t  wou ld  be  o f  any  s ign i f i cance
(1 ,  26 ,56 ,  63 ,  83 ,  94 ,  l l 5 ) .  P lan t  up take  o f  these  subs tances  i s  h igh ly
spec ies-spec i f i c ;  herb ' i vore  consumpt ion  o f  food p lan ts  i s  h igh ly  spec ieg-
spec i f i c ,  ds  i s  an ima l  reac t ion  to  sa j ts  and heavy  meta ls .  The poss ib ' i  l i t y
o f  th i s ' i nd j rec t  metabo l i c  impac t  i s  h idden  beh ind  a  t r i p le  se t  o f
re la t i ve ly  unknown var iab les .  I t  i s  much eas ie r  to ' i  so la te  such impacts
when uptake is  df  rect  as in the case of  dr ink ' ing water .

Bi  q Game Mammal s.  Mul  e deer (0doco' i l  eus hemionus) ,  whi  te- ta i  I  deer
(p.  v@ntelope (Ant i  are found throughout
the nolffieat Pl ai ns. The-?-iaen @Fally Tffi6-i t the coul ees ,
whi  1e ante l  ope prefer  the upl  and pl  ateaus where agr icul  tura l  I  and predom' inates.
The herds  are  no t  cons idered migra tory  (132) .  Sa l ine  seep is  de t r imenta l
to  b ig  game an imals  because o f  d is rup t ion  o f  cover  and fo rage,  Pr imar i l y
in  the  cou lees .  The ex ten t  o r  ser iousness  o f  th is  d ' i s rup t ' ion  is  no t  ye t
known.
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Mule  deer  a re  d is t r ibu ted  th rough the  areas  a f fec ted  by  sa l ine  seep.
They graze croplands and browse the s ides of  coulees dur ing summer and
win te r .  They  a lso  u t i l i ze  the  bo t toms and  heads  o f  the  cou lees  a t  a l l
t imes except  when snow accumulat ion prevents access.  Dur ing the suni lner ,
g rass land fo rbs  dominate  in  the  d ie t ,  fo l lowed by  browse:  rubber  rabb i tb rush
(Chryso thamnus  v isc id i f l o rus ) ,  g reen  rabb i tb rush  (9 .  nauseogus) ,  skunkbush
sffi i f f iaoebrush (Artemisia tFidAnEaTaT, si lver
sagebru@hokeiheriy ( owberry
t -  

- . . . ' ' T .  
I  r r r  r ^ a \ -  

. 5  
.  ^  r E - i  -  |  -  ^  - L l ^(Symplfof icarpotElb_a) (69, . |32). 

I lur ing the 
-fal 

I  ,  browse becomes the
p f f iT l i i l f o rbsdec . | i ne ,anddur ingw in te ro rubber rabb i tb rush
and , lun iperus  spp .  make  up  the  ma jo r  par t  o f  the  mu le  deer ' s  d ' i e t .  As
spr i f f i ' gSback theherbsand fo rbs , the i r impor tance in thed ie t
grows.  Mule deer food preferences probably would not  exclude Kochia i f
i t  were  the  on ly  ed ib le  p lan t  ava j lab le  on  a  sa l ine  seep  s i te .  I t  i s
l i ke ly  tha t  deer  wou lc l  l eave  a  sa l ine  a rea  in  favor  o f  s i tes  con ta in ing
the i r  p re fe r red  foods .  Spec ies  types  mak ing  up  the  bu lk  o f  mu le  deer
food are not  very sal t  to, l .erant  and would be e l iminated on seepage s i tes.

D isp lacement  o f  mu le  deer  wou ld  compound the  prob lems o f  l im i ted
hab i ta t  ind  overpopu la t ion ,  p rob ' lems wh i th  the  spec ies  a l ready  face  (209) '
Most  o f  the  up lands  have been preempted fo r  agr icu l tu re , .and a l l  w i ld l i fe
speci es have been re' l  egated to I  eftover I  and parcel s (74) .  Extens' ive
spread o f  sa l ine  seep,  to  the  ex ten t  tha t ' i t  makes  present  hab i ta t
uhat t rac t i ve  to  mu le  deer  (o r  any  o ther  specr i les ) ,  wou ld  pu t  add i t ' i ona l
s t resses  on  the  an imal  and i t s  compet i to rs .

As  an  example  o f  th is  compet i t ion ,  Dusek  (69)  found tha t  ca t t le
and mule deer do not  ser iously compete for  food on heal thy ranges.  I f
the Erasses decl ine due to ovbr-graz ' ing (or  are destroyed by sal ine seep) ,
cat t le  are forced to use more of  the deciduous shrubs which form the most
important  par t  of  the mule deer d iet  dur ing late sumner and ear ly  fa l l .
Thus,  loss of  cat t le  pasture,  where deer and cat t le  are dependent  upol
the same vegetat ive comrnuni ty ,  could adverse' ly  af fect  the condi t jon of
mule  deer  a i  w in te r  approaches.  Th is  i s  a  t ime o f  h igh  mor ta l i t y  under
the  bes t  o f  c i rcumstances .

Whi te- ta i l  deer inhabi t  the r iver  bot toms and eat  rnain ly  deciduous
r ipar ian vegetat ion such as chokecherry,  serv iceberry,  skunkbush sumac'
western snowberry (Symphor icarpos occidental iq) ,  cot tonwoodn gnd dogwood
(c.ornus s.pp.) .  the@ff i ink ing.water  than mule
aeer, anff irefer dense brush rather than the open habitat favored by _
mule  deer  (e tO) .  h lh i te - ta i l  deer  wou ld  thus  seem to  be  less  suscept ib le
to  severe  d is rup t ion  o f  up land hab i ta t  and cover  than mule  deer ,  s incg-
on-s i te  impacts 'o f  sa l ine  seep wou ld  p robab ly  be  conf ined to  a reas  we l l
up1and f rom the  r ipar ian  bo t tomlands .  I r r iga t ion  seepase wou ld  be  a
greater  threat  in  these areas.  The whi te- ta i l  deer 's  preferred food
species are not  known to be sal t  to lerant .

Pronghorn ante lope may f requent ly  be seen in the wheat  f ie lds of
eas tern  Montana.  Un lbss  b locked by  poor ly  des igned fences ,  these an imals
roam the  up land benches,  inhab i t ing  open sagebrush and grass land.
Pr i  nc i  pa ' l  forage i tems inc l  ude sagebrush and forbs ,  d l  t  h i  ghly-  suscept i  b l  e
to  e rad ica t ion-by  sa l ine  seep.  The pr inc ipa l  impact  upon an te lope wou ld
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be crowding due to excl  us ion f rom the barren and uninvi t ing d ischarge
areas ,  and loss  o f  b rows ing  areas .

Ruminants  change the ' i r  d ie ts  in  spr ing  and fa l l ,  and  a t  these t imes
they  may need sa l t  T ' i c t  s  (74) .  Appareht ly - the  sa l t  he lps  conver t  bac ter ia l
conient-of  the rumen dur ing the changeovbr f rom dry to succulent  foods
in  the  spr ing ,  and f rom suc iu len ts  to -dry  foods  in  the  fa l l .  A l though.
i t  i s  knbwn [ f ra i  b ig  game an imals  f requent  sa l t  l i cks  dur_ ing  these qgr iods '
i t  is  not  known to r i t r i t  extent  they might  use sal ts  in  sal ine seep discharge
areas .  '

UgJ an{.Game B i  rds . Four speci es of up1 and ggme bi rds , lre cornmon
the p  V sa l ine  seep.  Sharp- ta i l  g rouse (Pe{ igecetes
phasi anet I  us.)" i  i ; ;  

- i ;  
1i . . .-shrub-graisl ands bn the [n1ana praTFlff i 'n 'd'

f f i [ ed th roughou t theea i te rn two . th . i rdso f . thes ta te ( l28 , ]32 ) .
Cover ,  food,  nes t ing  i iab i ta t ,  and w in te r  surv iva l  requ i re  s tand ing  grasses
and dense t rees  and shrubs  ( igZ) .  Most  o f  the  water .needed q .y  t l .  sharp- ta i1
grou ie  i i  der ived  f rom succuJen i  p lan ts .  These spec ies  are  d isp laced
in  bar ren  sa l ine  seep d ischarge areas .

Sage grouse (Cent rocercus  urophas ianus)  a lso  occupy  grass lands  and
brushy arai ls  of  th p la ins,  and are dependent .
upon iagebrush fo r  thb i r  w in te r  food (132) .  S t ru t t ing  grounds,  essent ia l
tb  repr6duc t ive  behav io r ,  a re  a lso  in  sagebrush lands .  Grass lands  and
sagebrush communi t ies  cannot  to le ra te  h igh  sa l in i ty ,  and thq  sage grouse
wiTt  be d isplaced to the extent  that  theie comnuni t ies are d isrupted.

Hungar ian part r idge (Perdix perdix)  afe found-near ly  everywhere in
the noi l f iern Great pl i ini ;Tnefufing croplands. This species needs a
min imum of  cover ,  and is  iU te  to  ' inhab i t  even waste  areas  (91  '  74) .  .
Impacts  o f  sa l ine  seep shou ld ,  there fore ,  be_ less  severe ,  a l thoug.h  i l .  -
i s  expec ted  i f ra t  car ry ' ing  cap ic i ty  wou ld  dec l ine  as  c rop lands  and ed ib le
p lan t ' s  a re  

' los t  
dur ing  the  in i t ia l  s tages  o f  seepage ou tbreak .

R ing-necked pheasant  (Phas ianus  co l  ch icus)  hab ' i ta t  inc ludes  low l  and
r " i ve rbo t toms,€Sbec . ia11y ia reas .Food isp r imar i1y
commerc ia l  g . i tn  ( tge) .  Cover  requ i remenis  a re  sa t is f ied  by  brush or
gr iss .  phe isants 'have d isappeared f rom one cou lee  in  Cascade County  as
a  r j i rec t  resu l t  o f  t i l e  d ra inage f rom a  sa l ' ine  seep be ing  f lowed over land
through the  cou lee  bo t tom (177) .  Impacts  o f  sa l ' ine  seep on  r ing-necked
pheasint  are not  expected i ,o ba severe in most  habi tat  areas,  d l though
d is rup t ion  o f  g ra in  c ropp ing  wou ld  decrease food ava i lab i l i t y .

I t  i s  1mposs ib le  to  accura te ly  p red ' i c t  a t  th is ,  t ime the  u l t jmate
impacts  o f  sa i ine  seep on  up land g imb b i rds .  A l though_pr imafY hab i ta t
w i i t  no  doubt  be  adverse ' l y  a t tec teO fo r  a l l  spec ies ,  d is rup t ion  o f
monocul tural agri  cul ture wi t  t  al  I  ow establ ' ishment of a certai n amount
of  u,1eeay cover]  This could provide addi t ional  habi tat  for  some species.
Grouse ipecies,  for  example,  are known to l ive in heavi ' ly  overgrown
seepage areas below stockpond dams (7+).  At  present ,  most  cropland i :
o r  verv  l . im i ted  va lue  a i  w j ta t t te  f r in i ta t ,  dub to  ex tens ' i ve  ry l lpu la t jon
of  the-vegeta t ion .  Thus  remova l  o f  the  land f rom th is  use '  wh i le  i t
en ta j Is  severe  imp l ica t ions  fo r  so ' i l s ,  vegeta t ion ,  and water  qua l  i t y '  may

in
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actua' l  ly  benef i t  cer ta in wi ld l  i fe  species (144).  Disrupt ion of  the
maJor components of the ecosystem, however, renders these benefi ts
of  dubious value for  any but  the inmediate species involved.  Loss of
vegeta t ive  cover ,  wh ich  wou ld  be  w idespread,  renders  the  land va lue less
for  wj ' ld l  i  fe .

An addi t ional  considerat ion involves exploratory ef for ts  to rec la im
sa l ine  seeps  by  p lan t ing  perenn ia l  cover  on  recharge areas .  Th is  cou ld
be considered a secondary or  indi rect  benef ic ia l  impact  of  sal  ine seep.
There  is  no  doubt  tha t  w i ld l i fe ,  espec ia ' l  1y  up land game b i rds  and o ther
spec ies  ab le  to  cap ' i ta l i ze  on  these hab i ta ts ,  w i l l  be  genera ' l  1y  benef i ted"
Poputat ions may be expected to f luctuate in response to a l l  o f  these
factors.

0the1l . I ' i ld l  i fe .  A wide spectrum of  non-game species inhabi ts  the
nor th f f i sandu t i ] i zesareaspo ten t ia11yd is rup tab leby
sal  ine seeps .  Cot tonta i  I  rabb' i ts  ,  badger (Taxi  dea taxus )  ,  fox (Vu' lpgs
fu lva) ,  coyote (Canis lat rans) ,  skunk (mepnT[Ts UephTt l i l : . f ie ldf f i
arfr-fi''round squirETs affiquently enc6ilIiffid- Tn aEiiEu]tural areas and
i n  t f ie  nearby  cou]ees  (74) .  Loss  o f  food or  cover  on  d ischarge s i tes
might  force changes in locat ion for  some species,  w' i th  at tendant  impacts
o f  c rowd ing  on  ad jacent  non-seeped areas ,  d is rup t ion  o f  te r r i to r ies ,  and
other  more-subt le  impacts .  A  more  comple te . l i s t  o f  Montana w i ld ' l  i fe
i  s  inc l  uded on the tbt  t  owi  ng pages ( fabl  e 5)  (127) .  Starred (*)  spec' ies
may be considered residents of  areas af fected by sal ine seeps.

A i r  Po l lu t ion .  Wind eros ' ion  has  a lways  been a  ser ious  prob ' lem in
thea@easof thenor thernGre l tP ]a ins ( ]60) .Whensa ] ine
seeps-dry out ,  a whi te crust  forms on the sur face.  I t  is  composed of
su l fa te  L rys ta ls  o f  sod ium,  magnes ium,  and ca lc ium,  and a l though i !  i s
hard-packed and dense when nroist ,  the crust  becomes loose and f lu f fy
when thoroughly dr ied (76) .  Several  farmers report  that  whi te c louds
o f  a lka l i  d i l s t -occas iona l i y  i ssue  f rom the i r  l a rger  seeps  ( . | t0 , . . |70 ) '
and "b1owing"  o f  res idua l  a l  ka l  i  depos i ts  i s  cons idered comrnon (200) .  -
The Montana-Agr icul  tura l  Exper iment  Stat ion 's  I  i  s t  of  needed rec ' lamat i  on
procedures (1 25 ) i  ncl udes snow fence bami ers ,  wh i  ch woul d hel p prevent
sal t  b lowing by protect ing d ischarge areas f rom wind.

Ferguson (76)  and Halvorson (85)  consider  that  sal ts  b lown f rom
sa l ine  seeps  probab ly  do  no t  p resent  a  ser ious  a i r  qua l i t y  p rob lem,
because su th  b lows sbrve  main ly  to  d i lu te  sa l t  depos i ts  by  spread ing
insigni f icant  arnounts of  sal t  over ,  a wide area.  No diseases are
thou lh t  to  be  spread by  b ' low ing  sa l ine  seep dus t  (40)  .

Most  seeps,  except  those dry enough under the sur face to be cul t ivated,
are protected against  wind by ta l l  s tands of  Kochia and other weedy
vegeta t ion  dur ing  most  o f  the  year  (37) .  In  add i t ' i on ,  few seeps occur
on-r idgetops wheie the wind halard is  most  preva' l  ent ;  lhe great .maioni ty
o f  see f is  a re  found in  re la t i ve ly  she l te red  low p laces  ( fZ0? 200) .  Th .
re la t i ve ly  smal l  s ize  o f  unpro tbc ted  bar ren  areas  a lso  mi t iga tes  gga ins t
s ign i f i ca i r t  d : i r  po l ' !  u t ion  prob lems (54) .  Dramat ic  inc reases  in  the  s ize
and ex ten t  o f  sa l ine  seeps ,  €spec ia l l y  those too  sa l ty  to  suppor t  lome
form of  protect ive vegetat ive covero could make blow' ing of  sal t  dust
more f requent  and ser jous.
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Off-Site Envi ronmentalImpacts

Introduction. Sal ine seeps affect far more than just crops' Plants
anda f f id i schargearea . I t i snecessary toexamine , in
add i t ion  to  the  "on-s i te "  impacts  wh ich  occur  w i th in  the  d ischarge area ,
the "of f -s i te"  impacts possib ly  caused by the pol lutants re leased by
sal ine seeps.  These other ef fects are fnequent ly  subt le.  The of f -s i te
components inc lude:  l )  coulees-- those leading f rom the seeps or  f rom
seep- infested f ie lds,  ind those di rect ' ly  af fected by seepage;  2)  s tockponds
and reservoi rs;  3)  creeks and other smal l  in termi t tent  and perennia l
st reams; 4)  major  s t reams, t r ibutary to;  5)  the Yel lowstone and l ' f  issour i
r i  vers .

Most  of , the concern over non-agr icul tura l  envi ronmental  impacts of
sa l ine  seep has  centered  on  the  pos i ib i l i t y  o f  s ign ' i f i can t  degradat !on  o f
the  qua l i t y  o f  su r face  wate rs  (33 ,  34 ,  64 ,120) .  There  i s  amp le  ev idence
that ' local  sur face waters leading f rom seepage areas have become higUV-
pol luted by i f re sal ts ,  heavy met i ls ,  and nl t i ients f rom the seeps (33,  224).
The po ten t ia l  impacts  f rom th is  po l lu t ion  may be  qu i te  ser ious :

The imp l ica t ions  o f  seep-caused water  po l lu t ion  are  c lear .
Montana is a headwater recharge area for downstream states
in the Missour i  River  Basin,  and any degradat ion of  water
qua l i t y  here  w i I I  a f fec t  downst ream uses .  Un less .sa l ine
seep is  checked,  p resent  water  uses  such as  dr ink ing '
recreati  on , and f i  sh and wi I  dl i  fe, wi 1 I  be seri  ous' ly degraded
and water  t reatment wi l l  become more expensive (33) .

The process  o f  da ta  co l lec t ion  to  subs tan t ' ia te  and fu l l y_eva lua tg
the sever i ty  of  current  water  pol lut ' ion by sal ine seep has only iust  begun.
L ike  so  many o f  the  impacts  a l ready  d iscussed,  i t  i s  imposs ib le  to  quant i f y
present sal ine seep damage to water qual i ty in most surface water systems.
The present  d iscuss ion  o i  eco log ica l  impacts  i s  consequent ly  ten ta t i ve .

Sources  o f  Sur face  Water  Po l lu t ion .  Sa l ine  seep can po ten t ia l l y
at fec mechanisms: I )  d ischarge of_
po l lu ted  groundwaters  as  a  spr ing- i i te  f low:  and 2)  t ranspor ta t ion  o f
ied iment  and sa l ine  so lu tes  in  over land f low,  o r ig ina t ing  pr imar i l y
outs ide the d ischarge area.  In terms of  the four-par t  sal  ine seep
system descr ibed eai l ier ,  these processes const i tute the four th component
of  the system: over land drainage.

Mi l ler  (58)  reports that  former ly  in termi t tent  or  dry doulees on the
Highwood genih have'become sma'l  I  pereirnial streams because of increasing
di icharge f rom stored groundwaters wi th ' in  the t i l l ,  F low dala and water
qua l i t y -ana lyses  fo r  these d ischarges  are  no t  p resentJV ava j lab le .  M i l le r
f iypothLsizes-  that  such f lows wi  I  I  increase i f  the t i  11 cont inues to receive
a ib  s to re  excess  water ,  Fd is ing  loca l  water  tab les .  Schne i t  (73) '  a
fa rmer  near  Rape l je ,  has  a  perenn ia l l y  f low ing  seep in  the  midd . le  o f  h ' i s
horse pasture,  and another in the middle of  a wheat  f  ie ld.  Both of  these
out f lows re in f i l t ra te  in to  the  so i l  w i th in  f i f t y  fee t  o f  the i r  o r ig ins
dur ing most  of  the year,  but  they may occasional ly  f low into a nearby
creekSed ( i tse l f  noi^mal1y intermi t tent)  dur ing heavy storms and spr ing
snowmelt.  A water samp'lb was taken from thq pasture f low, but analysis
was unavai lable (August  30,  1974).  Barber (37)  reports that  several  creeks
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in the Denton and Coffee Creek area f low later into the suryner than most
other creeks in that  area,  due to d ischarge f rom sal ine seeps a long thei r
banks.  No water  qual i ty  or  f low data are avai lable f rom these creeks.  These
three examples i l l 'ustrate the maJor types of "natural " surface f lows
generated by sa ' l ine seep discharges.

An add i t iona l  source  o f  d i rec t  over land d ischarge f rom sa l ine  seeps
is  ou t f low f rom ar t i r f i c ia l  d ra inage sys tems.  For tunate ly ,  t i l e .  d ra inage
systems for  sal ' ine seep are very rare in th is  state.  Three such_systems'
i ;  widely separated lobat ions a iound the state,  were v is i ted dur ing th9
f ie ld invest igat ion phase of  the present  pro ject .  Water  samples,were taken
at  a l l  s i tes ,  bu t  no  chemica l  da ta  a re  ye t  ava j lab le .  F lows var ied ,
depending upon the s ize of  the recharge area and on precip i tat ion dur ing
thb previoui  months,  but  a ' l  I  three dr i inage systems reportedly.d ischarge
year - round.  0ne,  f iow ing  a t  a  ra te  o f  .25  ga i tons  per  minu te  (gPT) '  .
f lowed by  p ipe ' in to  a  s t6ck  tank  and was used to  water  ca t t le  (99) .  A
second,  f lowing several  gpm, dra ined into a dry creekbed.  This water
rvas reportedly"used by a-downstream rancher for irr iga!ion and stock water,
s ince  i t  was  l f re  on1y"  ava i lab le  sur face  water  in  the-v ic in i ty  (110)  .  As
far  as r4as known, no i l l  e f fects had occurred f rom th is  usage.  4_sample
was co l  lec ted  fo r  ana]ys is .  The th i rd  t i  le  d ra inage sys tem,  ou t f low ing
into a stagnant  pool  whict r  led eventual ly  (v ia a d i tch)  in to the Benton
Lake t l l i ld l i fe  nefuge in Cascade County,-cduld not  be gauged,  bgt  appeared
to be f lowing aboui ' f ive gpm. The di t th was stagnant  dug to being choked
with rushes ind aquat ic  v igetat ion,  and reportedly must  be c leared by
dredgl  nq each fa l  I  ( ' l  77 )  .

Transportat ion of  solutes and sediments by over land f low occurs
dur jnq  the 'spr ing  snowmel t  and in rmed ia te ly  fo l low ing  heavy  prec ip i ta t ion
event i .  The'soi i "  in  many seeps is  bare,  exposed to the nechanical
beat ing  o f  the  ra in  and io  the  eros ive  t ranspor t  o f  runof f .  D is lodged
by ra ' ln ta l ' l  impact ,  the  so j l  i s  eas i l y  e roded,  and the  so lub le  sa l ts  on
t i re sur face arb quick ly leached and c l r r ied of f  the s i te.  Moni tor ing of
erosion and leaching d i r r ing these events has apparent ly  ngt  been donei
no  da ta  have been loca ted . -  The sa ' l t  loads  cou ld  be  ca lcu la ted  i f  the
vo lume o f  runof f  water ,  the  sa l t  compos i t ion  o f  the  so i l ,  and  the  leach ing
and erosive potent ia l  6t  the so ' i l  were known ( . |04) .  Accurate data could
also be gathbred by cont inuous moni tor ing systems, but  these require
f requent  human at tLnt ion,  are rather  expensive,  and are vulnerable to
vanda l  s  ( t  O+1.

Mi l le r  (121)  s tud ied  the  water  budgeto f  the  N ine  Mi le  Creek  watershed
on the H' ighwood bench.  He calculated g ioundwater  storage and sur face
runof f  as  percentages  o f  the  annua l  p rec ip i ta t ion  input ,  bu t  d id  no t
separate o i l t  d i rec l  seepage f ]ow or  f low which had contacted d ischarge-
a reas .  I f  th i s  cou ld  be  ione  fo r  a  wa te rshed , ' i t  wou ld  then  be  poss ib le
to  eva lua te  sa l t  con t r ibu t ions  per  un i t  o f  d i scharge  a rea .  Un t t  sa l t
con t r ibu t ions  cou ld  a lso  be  ca lbu la ted  by  work ing  backwards  f rom chemica l
loads  in  ca tchment  bas ins ,  o r  by  leach ing  s tud ies ;  so  fa r  as  i s  known '
th is  has  no t  been done.  Ha lvor ion  (85)  caut ions  tha t  each seep must  be
eva lua ted  separa te ly ,  and tha t  the  sa l t  loads  in  Montana 's  seeps  can vary
from 55 mmhoi cm-' l  ;rn the Highwood Bench to 7 mmhos cm-l near Sidney.
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Soi l  erosion (and subsequent  s
water  qua l i t y  p rob lem in  Montana 's

the most ser ious Present

Erosion of ten leaves severely scarred landscapes wi th reduced
product iv i ty .  Studies reveal  that  excess sedimentat ion
bestroys f i ih  spawning beds;  covers aquat ic  food supp' l  ' ies;

f i l l s  ' i n  channe ls  and reservo i rs ;  inc reases  the  water
treatment requirements before i t  can be used for municipal
and industr l ia l  water  suppl  ies;  reduces the recreat ion
va l  ue  o i  water ;  i s  aes thb t ica l l y  d isp leas ing  wh i ' l  e
suspended in water .  Al though the tota l  economics of
ero i ion and sediment damage-has not  been fu l lV evaluated'
s ign i f i can t  cos ts  have a ic rued to  ind iv idua ls  and the
genera l  pub l  i c  o f  Montana (1  33) .

Bare  so i l s  a re  ex t remely  vu lnerab le  to  e ros ion ,  and many so i l s  in  seepage
discharge areas are barL oi vegetative cover. They qre a'! :o frequently
loca ted  in  the  lower ,  s teeper  iec t ions  o f  f ie lds .  S ince  the  eros ive
power -o f  water  var ie i  as  the  cube o f  i t s  ve loc i ty , .  ser ious .sed iment
Fi iut ton f rom both sheet  and gul ly  erosion cou' ld be expected to be

lene ia teo ,  . ip . i i i l r v  by  sa t in6  se ips  faced w i th  th is  doub le  d isadvantqge.
When th is  s.Oi* .n i  p6f  i i , t ion is  addbd to the chemical  po1' l  u t ion carr ied
i i l t  b i  water  f lowihg out  of  sal ' ine se_ep discharge s i tes,  i t  is  no mystery
*ht-s lbckponds and olher  catchments belbw sal ine seep areas tend to have
such poor qual  i ty  water .

Mi l le r  ( lZ0)  repor ts  tha t  sa l ine  seepage is  inc reas ing  above the
impermeab le  i f ' a l i  on  the-H ighwood_Bench.  

' tdhere  
th is  sa tura ted  t i l t - sha le

in te r face  is -e ipJseO in  couTees a long the  breaks  o f  the  Missour i  R iver ,
* i jo .  s iumps have occu"red.  The soi l  is  subsequent ly  f lushed into the
r iver  jn  the  spr ing t ime and a f te r  heavy  ra ins .

Al though precise measurements of  these several  mechanisms for  po] lut ion

of  sur face st reams have not  yet  been made,  i t  has general ly  been concluded
that  s torm runof f  is  the major  current  vector  for  the sal ts  reaching
p. . .nnia l  s t ieams (224).  Aa far  as can be ascerta ined,  ro data are
avai lable coniern ing the quant i t ies of  pol lutants carr ied into sur face
water  systems f rom sal ine seeps in Montana.

Stockponds:  L ivestock.  Because sur face water  is  usual ly  not  ava' i lable

on t r ra teSur f fne rand fa . | ] , i t i snecessa |y tos to re
water for domestic and faim use. The need to store water for I  ivestock
use is  .o*poun ieo-uv  ihe  genera l  unsu i tab i l i t y  o f  sha l low aqu i f *n  fo r
stock water i ;g.  

-Th;  
s impTeststorage method i i  erect ' ion of  a shal l9*  .

; ; ; ; i l - i i i i  ai i l  across *rb mou*r of coulees with enough f low earlv in the

; ; ; ; " t ; ' i i t i  i r re  resu l t ing  re ie rvo i r .  In  some p lace i ,  s to rqge. is  inc reased
6v .* iavat ion behind the dam. These smal l  reservoi rs f i l l  dur ing the
s-pr ing  and genera l ]y  las t  un t i l  la te  in to  the  year .

Sal ine seep pol lut ion of  s tockponds can cause adverse impacts on

l i ves tock  under 'cer ta in  c i rcumstances .  Throughout  the  s ta te ,  there  are
s toc iponds  w i tn  na tura l l y  a lka l ine  waters  wh ich  may cause l . i ves tock
p"outbmi late in the yea"r  when evaporat ion has concentrated the sal ts .

i l t a t ion )  i s
s t reams (sg) :
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Sal ine  seep  can  in tens i f y  these  p rob lems.  I t  can  a lso  cause  sa l in i t y
prob lems where  none ex is ted  prev ious ly .  M i l le r  (n21)  has  documented
the deter iorat ion of  several  s tockponds on the Highwood Bench due to
the growth of  sal  ine seeps in the drainage areas above them. His data
are shown in Table 6.  But  for  most  of  the state,  f i rm data are not
avai lable at  the present  t ime to fu l l .y  document the suspected degradat ion
due to sal ine seep. A systemat' ic monitoring program is needed. Most
stockponds are rare ly tested for  water  qual i ty ,  and then only when losses
have al ready occumed. I t  is  important  to document t rends'  especiq l ly
in ponds which are downstream from growing sal ine seeps.  Unt i l  th is
mon i to r ing  is  begun,  i t  i s  reasonab ie  to  assume tha t  water  qua l i t y  in
most  stockponds below sal ine seep areas has deter iorated,  and wi l l
con t inue to  do  so .

A l though numerous  inc idents  o f  a ' l  leged losses  due to  sa l ine  :99p
po json ' ing  h ive  been repor ted  (17 . |  ,  17 ,9 ,  TB0,  l8 l  ,  188 ,  

. |89 ,  
194,  195,  

. |97) ,

very few ver i f ied cases can be c i ted at  the present  t ime.  There are
many var iab ' les which must  be considered in determining the causes of
l j ves tock  deaths  or  i l l  hea l th .  But  sa l ine  seep has  no t  been cons idered
a ser ious enough problem in the state of  Montana to.warrant  any-systemat ic
inves t iga t ' i on  o f  i t s  poss ib le  impac ts  on  l i ves tock  (76 ,  84 ,  157) ,  no r
the establ ishment of  an organized informat ' ion-gather ing network to
receive reports of  suspected inc idents f rom veter inar ians and to d ispatch
teams o f  exper t  inves t iga tors  in to  the  f ie ld  to  fu l l y  eva lua te  a l l  such
incidents.  In some areas where poor water  qual i ty  is  recognized,  the
s tockmen and ve ter inar ians  cons ider  sa l ine  seep to  be  a  s ign i f i can t
cause of  l  i  vestock prrobl  ems at  th i  s  t ime (  56,  l  l  5)  .

Analys i  s  of  the possi  b l  e adverse ' impacts of  sal  i  ne seep-pol  I  uted
water  on I ' ivestock is  not  a s impl  e matter .  Toml inson (202) compi led
a survey  o f  the  l i te ra tu re  on  tox ic i ty  o f  subs tances  present  in  sa l ine
seep,  and in many cases found that  the lethal  doses of  these substances
var i  ed over wi  de-  ranges even for  indiv idual  species of  

' l  
i  vestock,  f  i  sh '

and  o ther  o rgan isms.  A l though he  l i s ted  many exper imenta l l y  de termined
le tha l  doses  fo r  var ious  subs tances  and organ isms,  Toml inson d id  no t
a t tempt  to  es tab l i sh  l im i ts  fo r  the  subs tances  present  in  sa l ine  seep.
L im ' i t s - -essent ia l l y  a rb i t ra ry - - fo r  a  few o f  the  e lements  found in  sa j  ine
seep have been set  by var ious author i t ies,  but  there have not  been any
studies done to determine lethal  propert ies of  the combined sal ts ,  heavy
meta ls ,  and nu t r ien ts  found in  sa l ine  seep water ,  nor  s tud ies  o f  the
concentrat ions or  dosages at  which adverse responge!  might  be expected.
in  the  va r ious  spec ies"o f  l ' i ves tock ,  f i sh ,  and  w i ld l i f e  exposed  to  such
wate r  (83 ,  157) .

S tockwater  suspec ted  o f  caus ing  l i ves tock  prob lems ' is  usua ' l1y  se l t
to bhe Livestock Boird Diagnost ic  L iboratory at  Montana State Univers i ty .
Ana lys is  i s  normal iy  l im i ted  to  TDS and n i t ra tes .o  s ince  these are  t l te_
most commonly recoghi zed sources of troubl e ( ' l  57) .  Several conmerci al
labora tor ies -a lso  iou t ine ly  rece ive  samples  o f  suspec t  water ,  and they
frequent ly  per form more compl  ete analyses (50) .  Any mon' i tor ing setup
shou ld  inc lude these labora tor ies  as  pr imary  da ta  sources .
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During the present  invest igat ion,  the wr i ter  was f requent ly  dr iven
to recalt i fre toi lowing vords of wisdomr Quoted from a text on veterinary
toxi co' l  ogy:

I t  is  d isconcert tng to cal l  upon an expert  in  tox icology Io.  a
pos ' i t i ve  op in ion  concern inq  a  cer ta in  dosage an  ind iv idua l  {ay
have consuined on' ly to f ind he wil  l  rarely take a cl ear stand
as  to  whether  tha i  dosage w i l l  o r  w i l l  no t  p roduce an  undes i rab le
e f fec t . . .  I t  i s  essent ia l  to  keep in  mind  tha t  fac to rs  such as
dge,  sex,  genet ic  background,  ahO species d i f ferences a l l  a f fect
the responi iveness of  in  animal  to a tox icant ,  ds do the chemical
and physical  propert ies of  the compound,  the d ieto and the
an ima l '  s  phys ica l  cond i t i on .  .  .

The c i rcumstances  sur round ing  po ison ings  are  h igh ly  var iab le
and are  o f ten  d i f f i cu l t  to  de termine and to  eva lua te .
Deduct ions must  be made f rom a var iety of  occumences and
fac ts ,  most  o f  them i r re levant . . .The presence and prev ious
use of  poisons on the premises should be determined.  The
premi ses shou' l  d be careful 1y exami ned for rodenti  ci  des '
i nsec t ' i c jdes ,  d rugs ,  Pd in ts ,  d i s in fec tan ts ,  fe r t j l i ze rs '
herbi ci  des , defol ' iants ,  des i  ccants ,  petrol eum products
and d iscarded equ ipment  tha t  con ta ins  chemica ls . .  . ' 0 ther
sources  o f  po isons ' to  be  cons idered are  fung i ,  gossypo l  '
b l  ue-green a1gae,  and venoms. The possib i l  i ! .y  gf  poisonous
p]  ant i  must  d consi  dered in range animal  s  (  1 58)  .

Most veterinarians who were contacted were extremely reluctant to
s ta te  pos i t i ve ly  tha t  there  had been bona f ide  cases  o f  sa l ine  seep
po ison i i . rgs  in  thL i r  a rea .  However ,  severa l  cases  o f  n i t ra te  po ison ing
from seef-pol  ]uted ponds,  and several  other inc idents of  documented
seep-ret i tbO losses due to secondary st resses were jnvest igaled based
upoh informat ion suppl ied by veter inbr ians and Soi l  Conservat ion Serv ice
agen ts .

Several  common factors appeared in every case of  n i t rate poisoning
invest ' igated.  There were n0 problems f rom seep-pol luted waters except
in the Taten part of the summbr, when stockponds had evaporated down to
h igher  concent ra t ions  (SO) .  There  were  no  i l  l  e f fec ts  no t ' i ced  un less
th;  s tock r^ ,ere excluded f rom al ternate sources of  bet ter  qual i ty  water .
I f  the  an imals  have a  cho ice ,  they  never  d r ink  sa l ine  water  above about
800 ng/ l  TDS. 0n1y under heat  s t iess wi l l  cat t le  become th ' i rs ty  enough
to  to1era te  s tagnant ,  b rack ish ,  d lgae-encrus ted  water .

gwners of  range cat t le  have exper ienced cal f  losses under a var iat ion
of  th is  s i tuat ' ion.-  Adul t  cows can go for  several  days wi thout  water  under
normal  range condi t ions,  but  calves must  have water  more f requen! lY: .  I f
a  cow and ia l f  quench the i r  th i rs t  a t  a  good waterho le  and then dr i f t  ou t
onto the range to graze,  the cal f  would be forced to dr ink whatever water
was ava ' i lab le  long-before  i t s  mother  wou ld  be  inc l ined  to  re tu rn  to
good water .  I t  i ;  not  known whether such inc idents have occuf fed on
seep-af fected rangel  ands .
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Nitrates in water  suppl  ies may be addi t ive to n i t rates in oat  hay
or  u rea-based feeds  (50 ,  20 . |  ) .  Deaths  f rom th is  combined po ison ing  are
known ln  Montana,  bu t  un thr i f t iness  and lack  o f  we igh t  ga in  a re  the  more
frequent  impacts.

N i t ra te  po ison ing  is  very  d i f f i cu l t  to  d iagnose w i th  cer ta in ty  in
the  f ie l id .  N i t ra tes  are  reduced to  n i t r i te  in  the  rumen,  and th is
react t 'on can cause over-oxidat ion of  i ron in hemoglobin,  forming methemo-
g ' lob in  wh ich  is  incapab le  o f  camying  oxygen.  Death  is  due to  anox ia .
Non-fata l  n i t rate poisoning can resul t  in  dehydrat ion syndrome and extreme
suscep t ib i l i t y  to  d iseases .  I f  ca rcasses  a re  no t  examined  w i th in  m inu tes
af te r  death ,  the  choco la te -co lo red  b lood wh ich  charac ter izes  n ' i t ra te
anox ia  w i l l  no t  be  found.  Consequent ly ,  d iagnoses  o f  n i t ra te  po ison ings
are of ten c i rcumstant ia l  n somet imes based upon analys is of  the nearby
water ,  and somet imes upon vague susp ic ions  (78 ,  84) .  Most  losses  to
n i t ra tes  are  compl ica ted  by  secondary  s t resses ,  such as  le tha l  combina t ions
o f f  dehydra t ion ,  hea t ,  and  a  d isease  b rgan ism,  such  as  Lep tosp i rgs is  (56) .

H igh  n i t ra te  leve ls  have  been  imp l i ca ted  in  abor t ions  (56) .  However ,
Barber reports winter ing h is pregnant  cov ' rs  on 1 50 mg/1 N03- water  wi thout
subsequen t  ca lv ing  p rob lems (36) .

H igh  Ieve ls  o f  TDS appear  to  have two types  o f  impacts  on  l l ves tock .
The f i rs t  and most  common is  dehydrat ion,  s ince most  stock refuse to
dr ink  h igh ly  sa l jne  wa te r  un less  fo rced  to  by  th i r s t .

Dehydrat ion may render them vulnerable to the many other potent ia l ly
harmfu l  subs tances  in  the  sa l ine  seep water ,  d l though th is  has  no t  been
proven.  The second impact  i s  ca l Ied  "waterbe l1y"  o r  u ro l i tos is .  A l though
th is  cond j t ion  can appear  even when exce l len t  water  i s  ava i lab le ,  i t
seems to be most  prevalent  in  la te surTrner when sal ine water ing ponds have
h igh  concent ra t jons  o f  sa l ts .  Waterbe l l y  beg ins  w i th  fo rmat ion  o f  s tones
in  the  k idney  or  pen is ,  caus ing  rup ture  o f  the  organ.  l ^ l i th  no  ou t le t '
u r ine  swe l l s  the  be l1y  reg ion  and  w i l l  b r ing  dea th  un less  su rgery  i s
prompt .  Smal le r  ca lves  are  the  usua l  v ic t ims.  I t  must  be  s t ressed tha t
the  prec ise  causes  o f  waterbe l ' l y  a re  no t  known,  and tha t  i t ' i s  no t  poss ib le
to  unequ ivoca l l y  imp l i ca te  sa l ine  seep  (26 ,  l l 5 ) .

The su l fa tes ,  espec ia l l y  magnes ium su l fa te ,  a re  power fu l  laxa t ives .
Sal  ine seep-pol luted waters cause scours (d iahruea) in marnnals of  a l l
s  i  zes and shapes.  L i  vestock eventual  1y deve' lop a to l  erance for  these
compounds,  bu t  some losses  may occur  i f  newJy- in t roduced ind iv idua ls  a re
not  t reated to a l lev iate the severe weakness and dehydrat ion which may
accompany scours .  Juven j le  an jma ls  a re  the  most  suscept ib le  to  th is
stress.  Another problem t ime ' is  r ight  af ter  newborn animals are
weaned in  the  sp r ino .  Ke l le r  ( tOS) ,  fo r  example ,  repor ts  los ing  a
newly-weaned cal f  to scours af ter  pro longed consumpt ion of  seep-af fected
waters .

Eutrophicat ion of  s tockponds is  comnon fo l  lowing ' invasi ,on of  sal  ine
seep waters .  Produc t ion  o f  a1ga1 b looms dur ing  the  summer  and fa l l '
par t icu lar ly  as the stockponds become shal lower and more concentrated,
f requent ly  renders the water  unacceptable to stock (26,  ' l  15) .  Dehydrat ion
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may then become a problem. In addi t ion,  three species of  tox ic  b ' lue-green
algae may be present  in  sal ine waters in Montana.

Prescot t  (156) reports that  Mic_roc.vst is  aerUginosa,  Anabaena f los-aquae,
o h a n i z o me n o n i 1 o s - a o,r a e o c c u;:ffi-s - a nAGA's a c rffih-n o rTne rn-and Aqhqnizomeno! iJos-agule occuF-illfffitnA ponils acrffih-no Fnano Apnanlzomenon t tos-aquae occur  1n taKes ano ponos across rne nor fnern

Uni t f f iFha 'nT i9 ' roundthatMicrocyg! rconta insapotent l i verunl teo 5 ta f ,es .  uornam \19 l  tound tnat  H ' tc rocyst ts  contarns a  poEenc
toxin;  i t  is  known to be deadly to l ivesff iEElf f iT being mechanical ly
dis integrated,  or  dur ing decomposi t ion.  Arc lqerc is  a lso h ighly tox ic
and th r i ves insha ] ]oweut roph icwate rs '@'e r r -on is regardedas
be ingp0ss ib ly tox ic ,a I though iso ]a t iono f f i sno tbeen
success fu l  .  In  the i r  ex tens ive  b io log ' i ca l  s tud ies  o f  sa l ine  lakes  in
Saskatchewan, Rawson and Moore (159) found that  Microcyst is  was common
in1akesup toTDs leve ]so f ]0 ,000ppm,andra r f f i n t )a t l0 ,000
to 20,000 ppm TDS. Anabaena and Aphanizomenon were both cornmon up to
5,000 ppm TDS, but  wf f i t -presef f ievels of  sal in i ty .
M i l l e r ' s  da ta  fo r  s tockponds .on  the  H ighwood Bench  (See  Tab le  6 )  ind ica te
that  Microcyl t is  would be r ight  at  home in these waters.  The other two
species ofT'xi ;  b' lue*green a1gae are not as I i  ke' ly to be present in
sa l ine  seep in fes ted  waters  i f  TDS' l  eve ls  r i se  much above 5 ,000 ppm.
Micrpcyst- is  tox in is  act ive only upon decomposi t ion or  mechanical
destruETTon of  the cel ls .  This would suggest  that  the danger for  l ivestock
is  in  the  per iod  a f te r  the  a lga l  b loom has  passed  i t s  peak .  Th is  i s  a lso
the per jod 0f  maximum potent ia l  danger f rom high concentrat ions of  other
components  o f  sa l ine  seep.  Non- tox ic  s t ra ins  o f  a l l  th ree  b lue-greens
are known to exist ,  and i t  is  necessary to conduct  morta ' l  i ty  tests to be
sure that  these organisms are responsib le for  any l ivestock problems. No
l ivestock deaths f iom toxic a lgae were reported by the veter tnnr ians contacted
dur ing  th is  s tudy .

S_togkpqnds :  F i  sher i  es .  In addi  t i  on to provi  d i  ng dr i  nk ing water  for
l i ves f rpondshavebeens tockedwi th t rou tby the
Montana Department of  F ish and Game. 0n1y the deeper ponds are normal ly
s tocked,  to  avo id  f i sh-k i l l s  due to  f reez ing ,  d ry ing  ou t ,  o r  excess ive ly
high summer temperatures.  These ponds also provide feeding p laces and
in some instances nest ing habi tat  for  water fow' l  and shorebirds.

The t rou t  f i sher ies  have dec l ined and eventua l l y  d isappeared in  a  few
stockpond reservoi rs on the Highwood Bench in recent  years.  Sa' l  ine seep
has  been  de f in i te l y  l i nked  to  inc reased  leve ls  o f  po l lu t ion  in  these
s tockponds (33 ,  . |20) .  

M i l le r  ( . |20)  tes ted  water  f rom four  reservo i rs
(see Tab ' l  e  6 ) ,  and ' in  those whose f i sher ies  had dec l ined,  he  found po ten-
t i  a ' l  ly  dangerous I  evel  s  of  TDS ,  heavy metal  s  ,  and nutr i  ents.  In thei  r
1973  repor t  on  the  eco log ica l  imp l i ca t ions  o f  sa l ine  seep ,  Bah ls  and
Mi l le r  ( f f1  c i te  these  th ree  charac te r i s t i cs  as  poss ib ly  be ing  respons ib le - -
"a lone or  in  comb ' ina t ion" - - fo r  f i sh  mor ta l i t ies  in  these l leservo i rs .  In
the ' i r  request  for  research assistance f rom the EnvironmentaJ Protect ion
Agency (4) ,  members of  the Governor 's  Emergency Commit tee on Sal ' ine-Alkal i
Prob lems in  Montana exp la ined th is  theory  in  more  de ta i l :

Detected levels of  heavy metals were general ly  in  excess of
recommended water  qual i ty  cr i ter ia for  f ish and aquat ic  l i fe
( l ' lcKee and l l ' lo l f  ,  

' l  
963).  Tota l  d issolved sol  ids were l ikewise

above recommended levels for freshwater biota. Nitrate and
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phosphate were extreme' ly  h igh in the one reservoi r  sampled.
N i t ra te  i s  one o f  the  major  an ions  o f  the  sa l t  depos i ted  by
sal ine lggp on the Bench and has been thought  to be part ly
respons ib le  fo r  advanc ing  eu t roph ica t ion  o i  a rea  reservo i rs .
Increased aquat ic  p lant  growth may have resul ted in depressed
d isso lved oxygen leve ls  wh ich  a long may have been respons ib te
fo r  f i sh  mor ta l i t ies .  0n  the  o ther  hand,  s t resses  pnoduced
by poss ib le  sub- le tha l  leve ls  o f  d isso lved oxygen may have
rendered  f i sh  more  vu lnerab le  to  o ther , tox ic  aEenc ie i ,  i . e . ,
heavy metals and TDS.

A team of  b io logists f rom the Environmental  Protect ion Agency's (EPA)
Nat iona l  F ie ld  Inves t iga t ion  Center  v is i ted  the  H ighwood-Benth  area  in
ear ly  June,  1974,  to  conduct  b io log ica l  sampl ing  o f  seep-a f fec ted ,
reservoi rs.  Their  samp' l  ing was done as part  of  

-a 
pro ject  (224.)  wi th

the  fo l low ing  s ta ted  ob jec t ives :

l .  Out l  ine the sever i ty  of  groundwater  qual  i ty  prob' lems at
th is  point  in  t ime and the potent ia l  for  sur face and
groundwater  degradat ion should the sal ine problem
remain unchecked.

2.  Def ine the agent  or  agents responsib le for  aquat ic
I ' i fe mortal i  ty and thei r effect i  ve I ethal concentra-
t ions  ,  a ' lone  or  in  combina t ion .

3. Suggest methods for restorat ion of water qual i ty in
af fected areas and maintenance of  ex ist ing water  qual  i ty
in those waters not  appreciably af fected io date.

The-b io log ica l  survey  (40)  fo r  the  EPA's  sa l ine  seep pro jec t  in  Montana' inc l  uded a f  ish survey;  a zoopl  ankton col  I  ect ion;  benthos t ransects i
phy top ' lank ton  samp' l  ing ;  a  p ro f i le  ana lys is  fo r  d isso lved oxygen (D0) ,
conduct iv i t y ,  pH,  tempera ture ,  and depth ;  and chemica l  ana lys is  fo r
n i t ra tes ,  su ]  f i des ,  meta ls ,  TDS,  ch lo r ides ,  r i t rogen ,  and  phosphorus .
The EPA sa l ine  seep pro jec t  (146)  i s  a lso  s la ted  to  inc lude chemica l
analysis of water from farm ponds for background data and surface water
studies to determine the TDS loads of  coulees and st reams enter ing the
Missour i  R ive r .

Unfor tunate ' ly ,  the resu' l ts  of  th is  r ,esearch wj l l  not  be publ ished
due to  d isso lu t ion  in  1975 o f  the  EPA o f f i ce  respons ib le  fo r  Conduct ing
the  s tud ies .

t^ later fqwl .  Eastern Montana is  on the Centra l  F lyway,  and is  v is i ted
by numffiJi-ecies of migratory waterfowl every year. Among the more
cotmlon species to be found on lakes and refuges at various t imes of, the
year  a re  the  pudd le  ducks  (ma l la rd ,  p in ta i l ,  b lue-w inged tea l ,  g reen-w inged
tea l  ,  gadwa l l ,  shove le r ,  and  w idgeon) ,  the  d iv ' i ng  ducks  (Jesser  scaup ,
redhead,  ruddy duck,  canvasback),  geese (Canada goose,  snow goose),
wh ' i s t l ing  swan,  and many shoreb i rds  ( inc lud ing  lesser  ye l low l€gs ,  avocets ,
sandp ipers ,  and  w i l  I  e t ) .
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Saf ine seep is  not  l ' i  ke ly to create much addi t ional  habt tat  for
water fowl  (201 ) ,  s ince the vast  major i ty  of  seeps do not  remain wet
on the sur iace,  Oo not  create ponds,  and do not  support  vegetat ion
used by  water fowl .  Sa l ine  see i  po l lu t ion  o f  ex is ten t_ponds * i '11 .  c lang9-
the  f lb ra l  and fauna l  s t ruc tu re  b t  the  water ,  bu t  as  long as  h ' igh  fe r t i l i t y
is  ma' inta ' inedn the carry ing capaci ty  of  the lake or  pond is  not  expected
to  be  degraded (100,  ' l  9b ,22?) ' .  Mahy o f  Montana 's  mo l !  p roduc t ive  b i rd
sanc tuar ies  a re 'h ' igh ty  s i t  in . ,  such is  Med ic ine  Lake (2 ,300 ng /1  TDS)
(144 ,  tgg ,2?2) .

In  sa l ine  env i ronments ,  ducks  are  more  suscept ib le  to  bo tu l i sm-
Clos t r id ium botu l inum is  an  anaerob ' i c  o rgan ism,  and can become a  prob lem

jnwate rsexhaus t i thed isso ]vedoxygen .F luc tua t ions
in watei  lbvel  are es"pecia l ly  conducive to growth of  crustaceans which
concentrate the tox in.  Ducks subsequent ly  p ick up the tox in dur ing
feed ing ,  and mor ta l  i t ies  may be  qu ' i te  h igh .  A l though sa l  ine  seep may
conce ivab ly  cont r ibu te  to  inc reased sa l in i ty  in  cer ta in  bod ies  o f  water '
h l ' i t t  (222)-concludes that  there should be no appreciable jncreases in
botu l  i sm a t t r ibu tab le  to  th ' i s  fac to r .

Stockponds:  I , r I i ld f  i fe .  Creat ion of  s tockponds has been credi ted
w i thd is t r ibu t . i ono fb iggameonth9Grea tP la ins
of  r ' lor i tana izog) .  Rvai t  aui  I  i ty  of  sur face water-has espec_ia l ly  benef  i ted
the ante lop€,  anA has contr ibuied to establ ishment of  the large herds.
wh' ich are found on the p la ins today.  There is  some disagreement about
the degree to which mulb deer are dependent  gpon re l iab1e sources of
sur face water  dur ing the summer.  Trueblood (206) feels lhqt  deer can
normal ly  ex is t  in  these areas  w i thout  sur face  water ,  subs is t ing  YPon
mois tu rb  f rom succu len t  p lan ts  in  the i r  d ie t .  Others  (161)  ques t ion
the  ava f lab i l i t y  o f  su f f i c ien t  mo is tu re  to  sus ta in  deer  in  the  absence
of  dr ink ' ing watLr ,  espec' ia11y consider ing the amounts of  water  required
for  d iges t ion  in  the  rumen

Both  an te lope and mule  deer  a re  known to  u t i l i ze  ! tgn1y  a ' l  ka l ine
water ing  ho les  ih  the  deser t  a reas  o f  the  Southwest .  There  is  no  ques t ion
tha t  these an imals  can to le ra te  such waters  a f te r  acc l imat iza t ion ,  bu t
i t  i s  ve ry  1 ike1y  tha t  sa l jn i za t ion  o f  su r face  wate rs  w i l l  cause  the
herds  to  in t t t  the j r  range in  favor  o f  o ther ,  more  pa la tab le  water -
The extent  of  such probaSle shi f ts  ' is  not  known. To the extent  that  these
d isp laced an imals  jnc rease congest ion  and pressure  on  l im i ted  non-po l lu ted
dr jhk inq  ho les ,  add i t iona l  adv6rse  s t resse l  w i l l  be  genera ted .  The
pr imary  impact  on  b ig  game wi l l  thus  be  d isp lacement  in to  a reas  no t
btagueO by deter iora i i ig  sur face water  suppi ' ies.  Secondary impacts wi l  l
be  ie la te i  to  s t resses  iaused by  inc reased dens i t ies  in  the  rece iv ' ing  areas"

Sa l ' in iza t ' ion  o f  ponds  causes  loss  o f  w i l low vegeta t ion ,  wh ich  _serves
as food for  deer.  This wi l l  fur ther  lower the carry ing capaci ty  of  the
area  (205) .

Many o ther  spec ies  o f  w i ld l j fe  benef i t  f rom the  prox imi ty  q f  a  source
of  d r ink ib le  sur face  water .  Th is  wou ld  inc lude the  smal le r  p redators '
such as coyote,  fox,  mink,  badger,  and skunk.  I f  the water  becomes too
sa l ine  fo r  d r ink ing"  these an i rna ls  wou ld  be  fo rced to  loca te  a i te rna te
sources .  D is loca t ion  o f  p redator  spec , ies  wou ld  cause osc i l la t ions  in  p rey
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popu la t ions ,  a  d is rup t ion  o f  hunt ing  te r r i to r ies ,  and o ther  behav io ra l
st resses.  As the communi ty became adjusted to the new s i tuat ion,  the
osc i l l a t ions  wou ld  subs ide .  The  new equ i l i b r ium wou ld  mos t  l i ke ly  be
at  a  lower  leve l  o f  p roduc t iv i t y ,  due to  reduc t ion  o f  a  l im i t ing
ecosystem resource--fresh water.
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hwrnmmNTAL lpncrs 0F Corrnol ALrrnNArI\ES

Beh i nd the l.vmptoms : A Fundamental Jmbal ange

Sal ine seeps are caused by over loading the water  s torase and
dra inage capac i ty  o f  the  subsur face  o f  our  land.  When the  pra i r ie  sod
grew 0n the  land,  over load ing  genera l l y  d id  no t  occur  because the  c l imax
pra i r ie  had evo lved to  the  max imum sus ta inab le  p roduc t iv i t y ,  d ivers i ty
and  s tab i l i t y  w i th ' i n  the  ch ie f  l im i ta t ion :  the  ava i lab i l i t y  o f  wa te r .
Natural  balance and maximum ef f ic iency was achieved long ago.  In a
fundamental  sense,  then,  dry change by man almost  guaranteed imbalance.

Now the  pra ' i r ie  sod is  gone,  p lowed under ,  and in  i t s  p lace  is  a
system of  agr icul ture which has a comparat ively low ef f ic iency of  water
use.  Much so i l  mo is tu re  goes  unused.  Th is  j s  a  c i rcumstance ar is ing
from human act ion that  combines wi th a geo' logic fact  to produce sal ine
seeps.

The presence of  an impermeable layer  just  beneath the sur face of
the northern Great  Pla ins means the storage and subsurface drainage
capac ' i t y  o f  the  so i l  p ro f i le  above the  impermeab le  layer  i s  eas i l y
exhaust ib le.  l , ' la ter  that  is  not  evaporated,  t ranspired by p lants '  s tored
on the  sur face ,  lock  up  as  so i l  mo is tu re ,  o r  d ra ined o f f  over ' land ,  must
contr ibute to the growth of  perched water  tables.  As the groundwater
exceeds storage and drainage capaci ty  underground (as i t  has done in
many areas) ,  the  water ,  now h igh ly  charged w i th  so lub le  chemica ls
inher i ted  f rom the  geo log ic  pas t ,  must  sur face  as  sa l ine  seep.

The extreme imbalance that has resulted from these man-caused
changes is  ind ica ted  by  the  speed w j th  wh ich  sa l ine  seeps  appear  and
grow, of ten a ' larmingly so dur ing wet  cycles.  Dur ing dry cycles '  the
seeps may dry up a l i t t le ,  but  the groundwater ,  insuJated f rom the
dry ing forces which operate on the sur face,  does not  dry up.

The present  crop-fa l low system of  agr icul ture a l lows water  to
over load the system, producing ser ious and di f f icu l t  s ide ef fects
charac ter is t i c  o f  any  s imp l i f ied  techno log ica l  response to  a  complex
env i ronmenta l  s i tua t ion .  I f  the  c rop- fa l low sys tem is  cont inued w i thout
mod i f i ca t ion ,  th i s  over load ing  w i l l  con t inue ,  and  sa l ine  seeps  w i l l
' inevi  tably be the resul  t .  The probl  em wi  I  1 not  cure i  tse l  f  .

The need for  act ion is  made even more cr i t ica l  because sal  ine seep
systems u ' l t imately extend outward,  inescapably impact ing many phases of
ecosystems, inc luding land and water  resources on which we a ' l  I  depend.

Sa l ine  seeps  are  complex  en t i t ies ;  each case is  d i f fe ren t ,  and
must  be considered wi th an open mind.  Yet  a l l  sa l  ine seeps have at
least three symptoms in cornmon: recharge, subsurface storage and
movement ,  and d ischarge.  The impact  o f  sa l ine  seeps  l ies  in  the
discharge component ,  wi th i ts  subsequent  d isrupt ion of  so many other
phases  o f  ecosys tems.  The cont ro l  o f  sa l ine  seep is  conceptua l l y
qu i te  s imp le :  1 )  e l im ina te  the  recharge o f  mo is tu re  to  the  water  tab le ;
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or 2)  e l iminate the f low of  contaminated subsurface water  in to the
d ischarge area .  Ach iev ing  th is  cont ro l  i s  no t  so  s imp le ,  however .

The Range of  Al ternat ives

The al ternat ives avai lab ' l  e  to farmers for  coping wi th sal ine
seep present  a wide spectrum of  t rade-of fs  in  a complex h ierarchy of
va lues .  In  approach ing  the  a l te rna t ives ,  i t  i s  impera t ive  tha t  fa rmers
be aware  o f  the  broader  imp l ica t ions  o f  the i r  cho ices ,  and recogn ize
that  s ' impl is t ic  technological  s topgaps of ten fur ther  unbalance the
natural  funct ' ioning of  the land.  Surnmer fa l low, though economical ly
a t t rac t i ve  in  many cases ,  i s  i t se l f  a  s imp l is t i c  techno log ica l  response
to the ecol ogi ca1 compl exi ty of the Great Pl ai ns . A' long wi th the
bount i fu l  harves t  o f  g ra in ,  i t  has  produced sa l lne  seep.  Now i t  i s
c lear  that  the present  order must  be changed toward a land use system
which  a l lows in te l ' l  i gen t  management  o f  the  water  tab le  as  we l l  as  the
sur face  so i l s ;  ye t  poss ib le  changes are  f raught  w ' i th  d i f f i cu l t i ' es .

Sal ine seep is  a severe prnblem. I t  has a l ready generated much
thought  and exper imentat ion in search of  ways to contro l  and rec ' la im
seeps.  But  u l t imate ly ,  sa l ine  seep fo rces  the  ind iv idua l - - the  landowner
and farmer-- to choose among a set  of  a l ternat ives.  Among the a l terna-
t ives which may be chosen,  the least  promis ing--and the most  envi ronmental ly
damag ing- - i s  "no  ac t ion . "  Th is  a l te rna t i ve ,  i n  keep ing  w i th  the  adage
tha t  " to  do  no th ing  is  to  do  someth i rg , "  i s  in  rea l i t y  a  very  l i ke ly
response for  some farmers.  The problem of  sal ine seep is  not  iust  the
incurs ion  o f  sa l ts  and sa l ty  water  in to  c rop lands  and cou lees .  The
problem is  ignorance of  how sal ine seeps are formed, what  they can do
to the land and water ,  and how they can be contro l led and possib ly
rec l  a imed.

The prob lem' is  econom' ic :  s t r ip  fa rming  is  an  es tab l i shed,  p ro f i tab le ,
and reasonably re l iable system. Many farmers are rather  proud of  thei r
h igh  y ie lds ,  wh ich  are  o f ten  no t  a t ta inab le  when the  land is  recropped.
Changing to other  crops or  to other  systems may enta i l  severe f inancia l
strain. 

- 
0ther systems may require moie fuel i  rTroF€ t ime in the f ield at

harvest .  The farmer must  compare the cost  of  the Joss of  seeped' land to
the costs of  contro l  and reclamat ' ion.  This economic quest ion is  the
mos t  d i f f i cu l t  aspec t  o f  the  who le  sa l ine  seep  s i tua t ion .  I t  mus t  be  so lved .

The  p rob ' lem is  po l i t i ca l  ,  i nvo lv ing  ques t ions  such  as  subs id ies '
land  bank  p rograms,  a l lo tments ,  and  landowner ' s  r igh ts .  There ' i s  the
addi t ional  l  egal  factor  of  water  po]  l  u t ion,  for  sal  ine seep pol  l  u t ion may
be a v io lat ion of  the Water  Qual i ty  Act  of  the State of  Montana qnd
federa l  water  po l lu t ion  regu la t ions  (129,  . I30) .

The prob lem is  soc ia l ,  touch ing  a t  the  very  hear t  o f  human in te rac t ion
and communi ty.  The epi tome of  th ' is  complexi ty  is  reached in the case
where the recharge area and the discharge area are separated by a property
I  i ne .
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I t  i s  beyond the  scope o f  th is  repor t  to  de lve  in to  these in te res t ing '
and u l t ' imate ly  c ruc ia l  top ics .  But  i f  there  was one th ing  upon.  wh ich
everybody coniacted dur inb the present  inquiry agreed,  i t  ryas the postu lat ion
tha t  the  key  to  the  prob lem res ts ' in  the  educat jon  o f  the  fa rmers .  The
responses whicf r  solvb the sal ine seep problem cannot  come f rom the researchers '
a l though they can he' l  p  guide that  response and prov ' ide an informat ion-
gather ing and disseminal ion focus.  I t  cannot  come f rom the county agents
ind  cons6rva t ion is ts ,  who can on ly  adv ise .  E f fec t i ve  water  tab le .management
must come for the landowners and larmers, who have control over the
several  components of  the sal ine seep system. I f  they don' t  act ,  i f  they
don ' t  make thang€s,  in  an  a t tennpt  to 'b r ing  the  sa l ine  seep sys tem back
under  cont ro l ,  then sa l ine  seeps  w i l l  con t inue to  g row.

Assum' ing  the  cho ice  is  to  take  ac t ion ,  then,  the  fa rmer  w i l l  f ind
ac t ive  cont ro l  a l te rna t ives  expens ive  and t ime consuming.  There  arq
two basic wavs to approach the ' recharge,  and discharge components of  the
sa l ine  seep  i ys tem: "  1 )  vege ta t i ve  and  2 )  non-vege ta t i ve  (85) .

Vegetat ' ive approaches are based on the manipulat ion of  t ranspirat ion
ra tes  in  the  recharge  a rea .  The ' idea ,  bas ica lJy ,  i s  to  use  the  wate r
where  i t  fa l l s ,  emu la t ing  the  na t i ve  p ra ' i r i e ' s  ab i l  i t y  to  p reven t  excess
water  perco la t ion  by  t ran ip i r ing  as  much water  as  pos l lb le .  Th is  must
be coni is tent  wi th bood crop management techniques.  There are several
sys tems be ing  t r ied- in  var jous  pa i ts  o f  the  s ta te .  Annua l  o r  in tens ive
i iopp ing  ts  Se ing  i t tempteo by  iome fa rmers  on  a  la rge  sga le  bas is  (96 '88) .
0n  i ' smi l le r  sca ie ,  the 'Monta i ra  Agr icu l tu ra l  Exper iment  S ta t ion  has  been
conduct ' ing exper iments for  many years.  I l I i th  the uncerta int ies involved
in  annua l -d ry land c ropp ing ,  th is  method o f fe rs  a  h igh  percentage.chance
of  "bust"  (y ie]d of  lebs lhan l0 bushels per  acre)  ,  compared wi th sumner
fa l low sysibms. However,  "booms,"  or  yeai^s when crop y ie lds are equal  -
to or  grbater  than those obta ined by summer fa l low, occur 16 percent  of
the  t ime under  in tens ive  fa rming .  A  var ia t ion  uses  snow bar r ie rs  o f
ta l l  0r  in termediate crested wheatgrass to t rap and dist r ibute snow across
the  f ie lds .  S iddoway and B lack  (56)  repor t  th is  sys tem s tores  enough
rnoi  s ture to a l  I  ow jn iensive cropping.  The system may not ,  however,  b€
ef fec t l ve  ' in  the  "ch inook  be l t , " 'bu t  on ly  in -  the  eas tern  par t  o f  the  s ta te '

The annua' l  cropping systems have general  1y proven of  l im' i ted value
in  cor rec t ion  o f  e* i i t ing  ieeps .  Wher6  sa l ine-seeps  have become es tab l i shed '
i t  i s  necessary  to  thoro igh ly 'd ry  ou t  the  pro f i le  in  the  recharge area ,  to
cut  of f  percol i t ion into t f re-  pro-Utemat ic  water  table.  This has been done
success t l t t y  by  the  use  o f  debp- roo ted  p lan ts ,  such as  a l fa l fa  (45 '  47 t
152) .  A l fa i fa "can dry  ou t  the  pro f i le  to  depths  o f  th i r ty  fee t  once i t
i s  es tab l i shed,  and th is  i s  su f i i c ien t  to  a l low re tu rn  to  smal l  g ra in
cropping and t i t tow' ing for  a number of  years unt i l  the water  table begins
to  bu i tO  up  aga in  (43 ; . |65 ) .  Wheatg rasses  can  a lso  be  used ,a l though
their  root i  do not  go as deep or  t ranspire as much water  as a l fa l ' fa .

A permanent  solut jon has not  been found in these var ious monocu1tural
man ipu la t jons .  The  a l fa l fa ,  once  i t  has  d r ied  the  p ro f i l e ,  dec ' l  i nes  and
ceases to y ie ld enough to p iy  j ts  own way.  Annual  cropping is  extremely
vul  nerabl  e- ,  economjc i l  ly ,  to-  dry years.  Inc l  us ' ion of  deep-rooted,  water-
u i ing  p tan is  such as  a l i i l ta ,  s i t f tower ,  o r  sa in fo ' in  in  the  ro ta t ion  is
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curent ly  hampered by market ing l  imi tat ions.  In short ,  these systems
need a great  deal  of  fur ther  study and exper imentat ion--as wel  I  as
changes in  cer ta in  bas ic  supp ly  and demand re la t ionsh ips- - fo r  them to  be
cons idered proven methods  fo r  cop ing  w i th  sa l  ine  seep.  The b ' igges t
shor tcoming fo r  most  o f  them is  economic .  In  long- te rm economics ,
sa l ine  seep  causes  de f la ted  land  va lues ,  h igher  opera t i ve  cos ts ,  l os t
c rop  income,  

' los t  
tax  money to  the  s ta te ,  and los t  wheat  to  the  na t ' ion  (0 t  1 .

Bu t  even  i f  a  con t ro l  techn ique  s tands  a  good  chance  o f  con t ro l l i ng  sa l ine
seep,  the  fa rmer  w i l l  no t  imp lement  i t  un less  he  s tands  a t  leas t  an  even
chance o f  surv iv ing  economica l l y .  In  shor t - run  economics ,  the  cos t  o f
cont ro l  cannot  exceed the  cos t  o f  do ing  no th ing .

Wi th  the  cur ren t  h igh  wheat  p r ices ,  some fa rmers  w i l l  p re fe r  to
re ta in  the  proven fa l low sys tem,  even though they  Jose land to  seep,
rather  than at tempt ' ing t reatment of  the recharge areas,  There is  one
other  vegeta t ive  techn ' ique fo r  s topp ing  sa l ine  seep a t  i t s  source  in
the  recharge area :  g rass lands .  Seed ing  the  recharge area  to  na t ive  or
range grasses  imp l ies  a  comple te  change in  the  land use,  f rom crop land
to  pas turage.  The economics  o f  th is  t rans i t ' i on  a re  complex  in  the
ex t reme (33 ,58) ,  as  a re  the  impacts  on  marke t ing  s t ruc tu res  and a l l
aspec ts  o f  fa rm opera t ions .  In  many areas ,  there  is  a  p rob lem wi th  water
supp l ies  to  suppor t  l j ves tock  on  fo rmer  d ry land,  and water  wouJd have
to  be  hau led  to  meet  th is  need (49) .  Bah ls  (30)  has  suggested  tha t
revers ion  to  na t ive  grass lands  may be  most  p rac t ica l  and benef ic ia l
in  a reas  tha t  a re  on ly  marg ina l l y  va luab le  fo r  fa rming  and whene the
sal  ine seep problem is  "beyond inrmediate contro l  .  "

In  many areas ,  pogr  sur face  dra ' inage (pond ing)  i s  a  ma jor  cont r ibu tor
to  excess ive  recharge (44 ,  58) .  Non-vegeta t ive  approaches to  th is
s i tua t ion ' inc lude  land  leve l ing  and  cu t t ing  o f  d ra inageways  to  a l low
the  ex t ra  wa te r  to  run  o f f  over land  be fo re ' i t  can  in f i l t ra te ,  In  e i the r
case '  th is  mechan ica l  d is tu rbance must  inc lude revegeta t ion  o f  d ra lnageways
to  min imize  eros ' ion  and to  p revent  gu11y ing .  Grassed dra i rns  a re  becoming
more common in some areas of  the p la ins,  especia l ly  where the farmers
are work ing ' in  cooperat ion wi th the Soi l  Conservat ion Serv ice to contro l
e ros  i  on .

A second se t  o f  a l te rna t ives  invo lves  in te rcept ion  o f  the  water
tab le  be fore  i t  can  sur face  and d is rup t  the  produc t iv i t y  o f  the  land.
Vegeta t ive  methods  invo lve  the  use ,  aga inn  o f  deep- roo ted ,  s i l l t - to le ran t
perenn ia l  p lan ts .  The wheatgrasses  are  o f ten  used,  because o f  the i r
re l  at i  ve l  y  hal  ophyt ' i  c  character i  s t i  cs .  Perenn i  a l  a l  fa l  fa i  s  not  as
sa l t - to le ran t ,  and o f ten  w i l l  no t  become es tab t ished where  the  h igh  water
tab le  i s  excess ive ly  sa1ty .  Vegeta t jve  cont ro l  be tween the  recharge
and d ischarge areas  has  no t  p roven par t i cu la r ly  success fu l .

Mechan' i  ca l  methods i  nc l  ude pumpi  ng and i  nterceptor  dra i  ns .  Pumpi  ng
has  no t  been t r ied ,  ds  fa r  as  can be  de termined,  because o f  the  phys ica l
charac ter is t i cs  o f  the  so i l s  and sa l ine  seep recharge sys tems,  and because
of  the econom' ic  d isadvantages.  Interceptor  dra inage systems have been
i nstal 1 ed ' in a few I ocal i  t i  es wi th mi xed resul ts .  These systems cannot
be  used in  many areas ,  due to  economic  imprac t ica l i t ies  o r  the  t igh t
c lay  subso i ls  (77 ,  166) .  However ,  there  are  a t  leas t  th ree  in te rceptor
drainage systems current ly  in  operat ion which have very def in i te ly  "cured"
the d ischarge area of  i ts  immediate symptoms. l^ l i th  current  t rends in gra in
pr ices,  two of  these systems have reportedly been a sound short - term
economic  inves tment  ( l  70 ,  177)  .
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The Ranqe of  Impacts:  Wor.st  to Best

The range of  a l ternat ive methods of  contro l  has a range of  envi ronmental
impact  too .  The bes t  a l te rna t ive  w i l l  vary  f rom f ie ld  to  f ie ld '  even
on' the same farm. And because of  the envi ronmental ,  economic,  socia l  and
po l i t i ca l  na ture  o f  the  prob lem,  the  fa rmer 's  cho ice  is  invar iab ly  a  hard
0ne .

In order of  decreasing envi ronmenta ' l  impacts,  the current  known
techno log ies  fo r  con t ro l  o f  sa l ine  seep inc lude:

l .  No  ac t ' i on

2 .  Ar t i f i c ia l  d ra inage w i th  un t rea ted  sur face  d isposa l  '

3 .  Ar t i f i c ia l  d ra ' inage w i th  evapora t ive  lagoon d isposa ' l  .

4 .  A r t i f i c ia l  d ra jnage  w i th  foss i l  - fue l  ed  desa l  i n i za t ion .

5 .  In tens ive  or  annua l  c ropp ing  methods .

6 .  In tens jve  c ropp ing  w i th  perenn ' ia l  bam' ie rs .

7 .  Ar t ' i f i c ia l  d ra inage w i th  so la r -powered desa l  in iza t ion .

8.  Re-cropping wi th deep-rooted perennia ls in  recharge area"

9.  Nat ' ive or  reestabl  ished grasslands in recharge area.

No Act ion,  The envi ronmental  impacts of  cont ' inued growth of  sal ine
seeps-hFF6iddn discussed at some length in this rgpgr!.  Although i t
i s  ho t  poss ib le  to  descr jbe  every  de ta i l  o f  what  w i l l  happen i f  seeps
cont inue to  spread over  thousands o f  square  mi les ,  ' i t  i s  poss ib le  to
descr jbe the extent  to which natural  systems wi l l  be impacted.

Most  of  the impacts cannot  fa i l  to  be adverse.  Sal  ine seep
represents another d isrupt ion of  a natural  order which has a1 ready-- in
thb  case o f  the  p lowed f ie ld - -been mass jve ly  d is rup ted  by  man '  4ny
sa l ine  seep w i l l  change vegeta t ion  comple te ly  in  the  areas  j t  a f fec ts '
and th is  w i t t  change [ f re  en t i re  s t ruc tu re  o f  the  cornmuni t ies  o f  an ima]s
wh ich  depend upon tne  ex is t ing  env i ronment  fo r  the i r  nour ishment ' '
protect ibn and reproduct ion.  I t  wj  I  I  po1' l  u te the sur face water '  c f  ange
Lf re  aquat ic  env i ronment  and poss ib ly  po ison the  an imals  wh ich  dr ink  the
water .

Envi  ronmental  impacts of  the rema' in ing e ight  technologies fa l  l  in to
f i  ve  g roups :  ,

Subsurface or  S .  Unl  ess handl  ed
intel s urface drai nage -ry1y
resu l t  in  g rba t ly  ' inc reased eros ion  and sed imenta t ion .  Th is  mig f t l  f i t l
i n  s tockponds,  nbcess ' i ta t ing  dredg ing  and consequent  p rob lems w i th
spoi ls  d isposa' l  .  Sediment in  sur face waters is  a l ready at_ damaging
levels immediate ly fo l lowing heavy storms,  and creat ion of  exposed,
d is tu rbed so i l s  wou ld  aggravate  th is  cond i t ion .

-61 -



Prompt  and thorough revegeta t ion  o f  d ra ' inages  wou ld  be  abso lu te ly
necessary  to  p revent  gu11y  eros ion .  Ra ins  in  the  nor thern  Great  P la ins
are not  a lways f requent ,  but  they are of ten intense.  Grassed drains are
known to  be  e f fec t i ve  in  p revent ing  so i l  e ros ion ,  and the i r  use  is  h igh ly
recommended i  f  I  and I  evel  ing or  cut t inE of  sur face dra ' inages i  s  contempl  ated "

Improvement  o f  sur face  dra inage wou ld  be  benef ic ia l  to  the  qua l i t y
of  water  in  catchments downstream. Prompt col lect ion and removal  of  the
wate r  wou ld  m in im ize  leach ing  o f  so lub le  nu t r ien ts  and  sa l t s ,  and  the
concent ra t ions  present  in  reservo ' i rs  and ponds wou ld  thus  be  d i lu ted  by
the  add i t i ona l  wa te r .

Improved col lect ion and removal  of  s torm waters might  create a
f lash f lood hazard  downst ream.

The  des ign  o f  the  leve l ing  p ro jec t  and  d ra inage  sys tems shouJd  a lso
g ive  canefu l  thought  to  the  pnobab i l i t y  tha t  d is tu rbance o f  the  sur face
so i l  

' l  
ayer :s  cou ld  negate  thousands o f  years  o f  so i l  evo lu t ion  wh ich  has

leached the  sur face  layers  f ree  o f  harmfu l  quant i t ies  o f  sa l ts  by  mov ing
them downward  th rough the  pro f i le .  Prov is ions  wou ld  have to  be  made to
avo id  bur ia l  o f  topso i l  benea th  h igh ly  m inera l i zed  subsur face  so i l s .

Ord inary  subsur face  dra inage o f  sa l ine  seeps  ' i s  a  techno log ica l
shor t -c i rcu i t  wh ich ,  under  cer ta in  c i rcumstances ,  can  be  h igh ly  e f fec t i ve
in by-passing the th i rd cornponent  of  the sal ine seep system-- the d ' ischarge
area--at  the expense of  the four th component-- the over land drainage system.
Most  seeps do not  have th is  four th component  at  the present  t ime,  because
the  water  evapora tes ,  leav ing  the  sa l ts  re la t i ve ly  fa r  f rom sur face  waters .
But  w ' i th  subsur face  dra ' inage,  en t ry  o f  h igh ' l y  po l lu ted  water  in to  the
sur face  waters  o f  Montana is  v i r tua l l y  assured.

Subsur face  dra inage,  us ing  t i le  l ines  bur ied  jus t  above the  impermeab le
layer and perpendicular  to the groundwater  gradient ,  provides a f low path
o f  leas t  res ' i s tance.  The dra inage t i les  co l lec t  water  f rom the  so i l  and
transport  i t  to  a sur face out fa l l .  There the water is  dumped into a
d ' i t ch  o r  cou lee ,  and no  fu r ther  respons ib j l i t y  i s  assumed by  the  landowner .
In te rcept ion  o f  the  subsur face  f low a l lows the  sa l ine  seep d ischarge area
to  d ry  up  and be  recropped w i th in  a  re la t i ve ' l y  shor t  per iod  o f  t ime.

Many areas ,  inc lud ing  the  H ighwood Bench,  a re  no t  su i ted  to  subsur face
dra inage  (77 , . |66 ) .  The  t i ]1  the re  i s  th i ck  and  has  very  low permeab i l i t y ,
necess i ta t ing  ex tens ive  ne tworks  o f  in te rceptor  l ines ,  and grea t ly
compl ica t ing  the  ins ta l la t ion  process .  Presence o f  f ine  c lays  c rea tes
a  h igh  c logg ing  hazard ,  and a t  leas t  one exper imenta l  t j l e  d ra inage on
the  Bench has  been abandoned due to  c logg ing ,  coup led  w i th  poss ib le
co l lapse  o f  the  p ipe  (90 ,  166) .

h le  have d iscussed sur face  water  po l lu t ion  by  sa l ine  seeps ,  ind ica t ing
tha t  the  amounts  and ser iousness  o f  po l lu tan ts  have no t  been fu l l y
determined at  the present  t ime,  ta | i th  subsurface drainage and sur face
d ' i sposa l  ,  und i lu ted ,  h igh ly  sa l  ine  groundwater  i s  in jec ted  d i rec t l y  in to
the sur face water  system. l^ |h j le  there are no data yet  avai lable on the
spec i f i c  impac ts  wh ich  the  heavy  meta ls ,  so lub le  sa l t s ,  and  nu t r ien ts
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may u l t imate ly  have 0n  f i sh ,  o ther  aquat ic  faunan aquat ' i c  p lan ts ,
s t reamside  p ' lan ts ,  and an imals  d r ink ing  the  a f fec ted  waters ,  i t  i s
cer ta in that  these impacts wi l  I  be adverse.

The most  drast ical ly  af fected areas may be the coulees which caruy
the  ou t f low.  For  example ,  be low one ou t fa l l  p ' ipe  f rom a  sa l ine  seep
drainage system, int roduct ion of  year-round sur face water  has st imulated
growth of  a var iety of  sal t -marsh type p lants.  The coulee has become
choked wi th vegetat . ion near the out f low. This growth has complete ly
s topped dra inage,  caus tng  the  water  f rom the  ou t f low to  pond,  and leav ing
downstream port fons of  the coulee bot toms caked wi th whi te crysta ls  le f t
when ear l ier  water  evaporated.  The dead vegetat ion in the coulee excludes
former  an ima l  res idents ,  and the  va lue  o f  the  land as  w i ld ' l  i fe  hab i ta t
is  great ly  d iminished.  Where the water i  s  temporar i ly  ponded,  awai t ing
the  annua l  d redg ing ,  eu t roph ic  p roduc t iv i t y  c rea tes  a  communi ty  o f  f rogs ,
waterbugs ,  and a ' lgae  amids t  the  sedges and ca t ta i l s .  Ducks  can use the
ponds fo r  l im i ted- feed ing ,  and the  iu r round ing  Koch ia  g rowth  w i l l  p rov ide
cover and food for  smal ler  mammals.  Below th is  wet  growth zone,  weedy
vegetat ion l ines the banks of  the coulee or  d i tch as far  downstream as
the water  lasts,  then gives way to the encrusted desolat ion where on' ly
sa l t  ex is ts ,  coa t ' ing  the  bo t tom.  In  perspec t ive ,  the  amount  o f  land
lost  in  coulee bot toms is  far  greater  than the habi tat  produced by t le
ava i lab i l l t y  o f  wa te r  jus t  be low the  ou t fa l l .  A lso ,  the  need  to  d redge
the  d i tch  or  cou lee  annua l  1y  to  res to re  d ra inage f1ow ob l i te ra tes  much
of  the aquat ' ic  and st reamside vegetat ion,  and creates the pnoblem of
d isposa l  o f  spo i l s  wh ich  have long been sa tura ted  w i th  the  sa l ine  ou t f low
wate rs .  Th is  d i r t  i s  usua l l y  p i led  a long  the  s t reambanks ,  where  i t  i s
suscept ib le  to  e ros ion .  The sa l t  p revents  g rowth  o f  most  p lan ts ,  a lq
Kochia and foxta i I  compr ise the major i ty  of  the cover.  l , lh i Ie Juveni Ie
Kochia makes good forage and wi l l  support  cat t le  or  b ig game, by midsummer
the stems toughen and become usel ess for forage.

In  the  spr ing t ime,  a f te r  the  d i tch  has  been c leared ,  the  snowmel t
and h igh  dra inage- f lows f lush  the  sa l t , s  ou t  o f  the  cou lee  and in to  whatever
port ion of  the sur face water  system is  next  downstream. This may be a
s tockpond ,  a  land locked  lake ,  oF  a  c reek  lead ing  to  a  t r i bu ta ry  o f  the
Missour i  o r  Ye l lows tone  R iver .

D ' i  sposa l  o f  sa l ine  seep waste  waters  by  s imp ' le  d ra inage in to  the
sur face  waters  o f  Montana may be  a  v io la t ion  o f  the  water  po l lu t jon
Jaws o f  the  s ta te  ( fS1.  Consequent ly ,  in  a reas  where  an t i f i c ia l  d ra inage
is  economica l l y  and  phys ica l l y  feas ib ie ,  d l te rna t i ve  methods  fo r  d isposa l
of  the water  must  be devel  oped.  There are severa ' l  poss j  b i  I  i  t i  es .  The
most  prominent ly  ment ' ioned method of  protect ing sur face waters is  to
evapora te  the  waste  water  in  spec ia ' l  1y  l ined  lagoons.  Th is  method iso
in  e f fec t ,  a  t rade-o f f  wh ich  sa lvages  c rop land a t  the  expense o f  o ther
land.  Unt rea ted  sur face  dra inage impacts  bo th  the  dra inageway,anq the .
water  qua l i t y  downst ream;  evapo ia t ion  lagoons impact  on ly  the  land used
for  pond ing .  The amount  o f  land  wh ich  the  evapora t ive  lagoon method wou ld
need makes i t  p roh ib i t i ve  in  most  cases  (77 ,  166) .  Fur ther  s tudy  ' i s

de f in i te ly  needed to  de f ine  the  t rade-o f fs  invo lved.  S ince  i t  i s  v i r tua l l y
cer ta in  tha t  c rop ' land w i l l  no t  be  sacr j f j ced  fo r  cons t ruc t ion  o f  lagoonsn
the  I  and wh jch  is  sacr i f i ced  w i l l  p robab ly  inc l  uc le  w i ld i  i fe  hab i ta t .  The
value of  th is  habi tat  and the secondary costs to recreat ion shou' ld be
cons idered  in  the  t rade-o f f  ca lcu la t ions .
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An in te res t ing  suggest ' ion  fo r  reduc ing  the  s ize  o f  evapora t ive' lagoons 
by increasing evaporat ive ef f ic iency comes f rom the Montana

Agr icu l tu ia l  Exper iment  S ta i ion  ( . l25) ,  wh ich  has  proposed add i t iona l
research  in to  the  poss ib le  use  o f  w indmi l l s  to  speed  evapora t ion .  The
feas ib i l i t y  o f  th i s ,  o l ^  o ther  methods ,  to  inc rease  the  capac i t y  o f
evaponat ive  lagoons,  remains  to  be  demonst ra ted .

The most  obv ious  so lu t ion  fo r  d isposa l  o f  sa l ine  wastewater  wou ld
be  desa l in i za t ion .  Th is  wou ld  p rov ide  usab le  wa te r  fo r  fa rm needs ,  and
a l1ow poss ib le  conrnerc ia l  u t i I i za t ion  o f  the  subs tances  recovered f rom
the seep waters .  A conrnerc i  a l  evaporat i  ve process at  Chap' l  i  n  '  Saskatchewan ,
recovers  g laubers  sa l ts  f rom sa l ine  Lake Chap l in .  No water  i s  recovered
by  th is  p rocess .  The cap i ta l  and opera t ' ing  cos ts  o f  such a  process  are
probab ' l y  p roh ib i t i ve  fo r  even the  

' l  
a rges t  fa rm opera t ion .  Cos ts  o f

bool ing seep water  f rom several  neighbor ing farms for  t reatment are a lso
not  encourag ing .

In tens ive  Cropp inq .  One b ig  advantage o f  the  summer  fa l low sys tem
is the ] i fecyc1eo fmanyo f thecommonweedswh ich
p lague the  smal l  g ra in  fa rmer .  I ^ l i th  par t ia l  abandonment  o f  th is  sys tem'
weeds have once again become a maior  problemo both as a compet i tor  for
scance  wate r  and  iu t r ien ts ,  and  a i  a  comp l i ca t ion  a t  ha rves t  t ' ime  ( . |66 ) .
Vo lun teer  g ra in  i s  o f ten  more  o f  a  p rob lem than weeds.  Cont ro l  o f  weeds
wi l I  be  by -means  o f  i nc reas ing  app l i ca t ions  o f  va r ious  herb ic ides ,
inc lud ing  Paraqua t ,  2 ,4 -0 ,  and ,  i f  i t  i s  pe rmi t ted  by  the  Env i ronmenta l
Pro tec t ion  Agency ,  Roundup.  There  is  h igh  probab ' i l  i t y  tha t ,  some o f  these
herb ic ides  w i t t  f i nd  the i r  way  in to  su r face  wate rs ,  BSpec ia l l y  when
unexpected  prec . ip ' i ta t ' ion  fo l lows app l ' i ca t ion .  The herb ic ides  a lso  w i l l
,dr i f t  to  lahds and water  adjacent  to spnayed f ie lds.  Some adverse impacts
may accrue f rom such accidents.

t rn  add i t jon  to  weed cont ro l ,  in tens ive  c ropp ing  cons t i tu tes  a
t remendous dra in  0n  the  nu t r ien t  resources  o f  the  so i l .  Usage o f
fer t i  I  i  zer  must  j  ncrease to ma i  nta i  n product ion compet ' i t i  ve wi  th I  evel  s
ach ievab le  under  summer  fa l low.  Unfor tunate ly ,  th is  inc reased usage
co' inc ' i  des wi  th general  shortages and h i  gh pr i  ces of  fer t i  l  i  zers .
EnvjroRmental  impacts of  fer t j l izer  manufacture may be considered germane
to  the  eva lua t ion  o f  jn tens ive  c ropp ing ,  a l though they  w i l l  no t  be  ment ioned
here .  l , ' | ' i th  inc reased app l ica t jon  o f  fe r t ' i l  j ze rs ,  there  w i l l  be  inc reased
losses  by  leach ' ing  in to  sur face  and subsur face  dra inage sys tems.  Sa l ' [ne
seeps are  a l ready  h igh ly  loaded w i th  n i t ra tes  a ld  p l rosphates ,  some_of
thein probably f  rom adr i iu l  tura l  sources.  Add' i t i  onal  nutr i  ents wi  I  I  lPeed
eutrobh i  cat ibn of  ponas and reservo i  rs  ,  ' impact ' i  ng f  i  sher i  es ,  recreat i  on ,
and pal  atabi  I  i  ty  of  water  for  I  ' ivestock use.

In many cases,  in tens ' ive cropping wi l l  u t i f  ize the snow-management
and wind-prbtect jon advantages of  barr ier  s t r ips of  ta l l  or  in termediate
wheatgrass .  S ince  these ba i r ie rs  w i l l  be  perenn ia l  cover '  thgy  mgy.prov ide
hab ' i t i t  fo r  l im j ted  numbers  o f  up land game b i rds .  However ,  the  s t r ips  a re
qu i te  th in ' i n  w id th ,  and  canno t  be  expec ted  to  p rov ide  ex tens ive  cover  o r
nes t ing  areas .  They  doubt less  w i l l  be  an  improvement  over  the_ephemera l
s tands-o f  g ra in  a t  l eas t  fo r  some spec ies  o f  w i ld l i f e .  Con t ro l  o f
dr i f t ing s iow *uy decrease depths in adjacent  coulees.  I f  So,  deer qnd
o ther  c6u lee-dwe i l i ng  w id l i fe  w i l l  f i nd  a  bene f i c ia l  ' i nc rease  in  the i r
w in te r  hab j ta t .  Th ia  cou ld  mean increased access  to  food p ' lan ts ,  and
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bet te r  w in te r  surv iva l  ra tes .  Th is  in  tu rn  migh t  resu l t  in  improved
hunt ' ing opportun, ' t t ies.  From the farmer 's  po ' in t  of  v iew, perennia l
barr iers may be t roubJesomeo in that  they harbor d iseases and rodents
wh ich  th rea ten  c rops  (170) .  F ina l l y ,  i n tens ive  c ropp ing  w i l l  amp l i f y
the  fa rmer 's  dependence on  ava i lab le  foss i l  fue l  supp l ies  and aggravate
env i ronmenta l  impacts  assoc ia ted  w i th  exp lo ra t ion ,  d r i l l i ng  and re f in ing .

SgFsurfaqe Drainage and Subsurface or  Solar-Powered D' isposal  .  In
some areas  o  a l  in iza t ion
of  brackish water  for  domest ic  and i r r igat ion use.  The capi ta l  investment
for  a system large enough to handle waste waters f rom seep drainage ' is .

not known, but since the system operates on a free source of power, and
requires 1 i t t le  maintenance,  fur ther  invest igat ion seems wamanted.

One l ' lontana farmer (177 ) has developed a whol 1y dif ferentr approach
to d isposal  of  waste waters dra ' ined f rnom his sa1 ' ine seeps.  The glac iu l .
t i l l  ih  h ' is  area has a dense c lay layer  at  a depth ranging f rom about  f ive
to ten feet .  Seeps,  perched on t f r is  impermeable c lay ' layer ,  are intercepted
by  s tandard  t i le  la te ra ls  and p iped to  a  cent ra l  " iunc t ion  box . "  Th is  i s
a-cu lver t - l jned  we l l  dug down th rough the  c lay  layer  and res t ing  on  lhe
bedrock sha' le below. Water  f rom the seep recharge area is  d iver ted into
the  junc t ' ion  box ,  wh ich  d i rec ts  i t  downward  pas t  the  c lay  1qyer ,  lnd  a l lows
i t  t ;  in f i l t ra te  back  in to  p ro f i le  jus t  above the  impermeab le  sha le .  Th is
system of  "bury ' ing"  the watbr  has not  been fu l1y tested,  and the capaci ty
of  the system has-not  been determined.  However,  i f  i t  does work,  the
immediate dangers of  sur face water  pol lut ion would be removed.  The
quest jon which must  then be faced is ,  where does that  bur ied water  go?
The reg ion  is  a  h igh  p la teau,  fd1 ' l  ing  eventua l l y  as  the  breaks  o f  the
Missour i  R iver  beg in  to  the  south .  t , r l i l l  the  in iec t ion  sys tem cause
eventual  outbreaki  a long the exposed shale- t i l l  contact? How long can
the  t i11  beneath  the  c t i y  layer  cont inue to  absorb  the  in iec ted  water '
and  where  ( i f  a t  a l l )  w i t t  i l  su r face?  A l though  th is  method . i s  apparen t l y
fa r  super id r  to  sur f i ce  d isposa l ,  i t  may lead to  o ther  compl ica t ions '
ye t  un io reseen.  I t  seems to  be  a  v iab le  a l te rna t ive  on ly  under  qu i te
spec i  a ' l  geo log ic  c i rcumstances .

Deep- roo ted  Perenn ia ls .  Seed ing  o f  recharge areas  to  a l fa l fa  o r
o therwou]dhavenos i9n i f i can tadverse impaq! l .
on  the  env t ronment .  t t  i s  poss ' ib ' le  tha t  the  s tands  wouJd prov ide  add i t iona l
cover and temporary hab' i ta t  for  many species of  w' i  ld l i fe '  especia l . ly
rodents and thei r  predators.  Most  bf  these areas would be cropped for
hay  or  g razed,  wh jch  wou ld  tend to  e l im ina te  the i r  use  as  pennanent
ne i t ing-s i tes  o r  homes.  Es tab l i shment  o f  cover  wou ld  decrease so i l
e ros ion .  Forage fo r  domest ic  l i ves tock  and b ig  game,  espec ia l l y  an te loP€,
would be increased,  and the carry ing capaci ty  of  the region for  these
an imals  wou ld  be  inc reased.  The use o f  a l fa l fa  wou ld  a lso  improve
groundwater  qual i ty ,  s ince a l fa l fa is  known to remove ni t rates f rom the
[rof i le  down to debt f rs  of  over twenty feet  (213).  When plowed under,
at ter  dry i  ng out  the prof  i  1  e,  these pl  ants woul  d ' increase soi  1 fer t i  I  i  ty
and improve soi l  s t ructure.  I f  exot ic  phreatophytes are imported for  the
purpose o f  d ry ing  ou t  the  pro f i le ,  there  is  the  danger  tha t  these p lan ts
may escape.  ihe- tamar isk invasion of  the southwest  is  a good example of
wf r l t  m igh t  happen i f  an  unwise  cho ice  is  made (17) .
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Nqt lue  Grass lands .  Env i ronmenta l l y ,  there  is  no  ques t ion  tha t
rees tass landecosys temof fe rs thegrea tes tnumber
o f  benef f ts .  The advantages  inc lude:  improved s tab i l i t y  o f  a l l  face ts
o f  the  ecosys tem:  so i l ,  water  tab le ,  m ic roc l imate  o f  the  sur face  and
subsur face ,  dn ima l  popu l  a t ions ,  sus ta ined produc t iv i t y ,  e tc .  I  inc reased
divers i ty  of  both f lora and fauna;  re int roduct ion of  natura ' l  forces of
se lec t ion  and e l im ina t ion  ( ra ther  than energy- in tens ive  main tenance o f
monocu l tu re)  i  e l  im ina t ion  o f  p rob ' lemat ic  leve ls  o f  so i l  e ros ion  and
nut r ien t  leach ing ;  and e l  im ina t ion  o f  the  dependence on  fe r t i ' l  i ze rs ,
herb ic ides ,  insec t i c ides ,  and  o ther  unna tu ra l  and  po ten t ia l l y  damag ing
agents.  0n the other  hand,  revers ion to grasslands would lower the
ef f ic iency of  convers ion of  solar  energy into foodstocks for  human consump-
t ion,  due to the int roduct ion of  a second t rophic level  of  herbivores
(ca t t ' l e ,  b ig  game)  in to  the  food produc t ion  cha in  on  those 1ands.

A Perspect ive

The task  o f  choos ing  the  sa l ine  seep cont ro l  measures  bes t  su i ted
for  a  par t i cu la r  fa rmer  on  h is  land w i l l  be  a  persona l  one,  cos t ly  and
probab ly  thank ' less .  In  cons ider ing  the  t rade-o f fs ,  in  th is  nev i l  age o f
envi ronmental  and resource awareness,  the farmer would do wel l  to  heed
the  sp i r i t  expressed by  Bah ls  (27)z

As v le work to mi t igate the problems created by sal ine seeps' let  
us avoid any grandiose technological  schemes for

reclamat ion that  may be of fered and st r ive instead to work
more c losely wi th the I  and wi th ' in  the ecological  f ramework.
Large sca le  d ra inage pro jec ts  o r  even mass ive  inputs  o f
fer t i l izers,  machinery,  and fuel  energy are not  conducive
to regenerat ing a heal thy,  funct ioning ecosystem. The
al ternat ives are cJear:  We can once again pump up the
system ar t i f ic ia l ly  and mask the symptoms for  another
decade or two or we can str ive toward stewardship of our
land resource ,  work ing  w i th in  ' i t s  bas ic  l im i ta t ions  so  tha t
i t  may be passed along wi thout  fur ther  degradat ion to future
generat ions.  In the f inal  analys is,  the farmers of  Montana
wi l l  de termine  by  the i r  ac t ions  what  the  

' long- te rm 
env i ron-

menta l  impacts  o f  sa l ine  seep w i l l  be .  Judg ing  f rom the
ava i lab le  ev jdence,  cont ro l  o f  sa l ine  seep is  a ' l ready  a
major  envi ronmental  responsib i l i ty .  The farmers need
the cont inued understanding and support  of  the general
c i t izenry and the government,  for  correct ion of  th i  s
major  eco log ica l  imba lance w i l l  no t  be  cheap or  easy .

Conclus lcnls

l .  Sa l ine  seeps  cons t i tu te  a  severe  th rea t  to  the  land and water
of  Montana.

2 .  Sa l ine  seeps  have increased grea t ' l y  dur ing  pas t  wet  cyc les ,
and the  present  h igh  water  tab les  and land use pa t te rns  v i r tua l l y  assure
new growth and outbreaks during future normal and wet years.
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3.  Sal  ine seeps have four  components:  recharge area,  subsurface
water  table,  d ischarge area,  and sur face drainage.  Adverse envi ronmental
impacts occur as d i rect  and secondary resul ts  of  d ischarge and sur face
dra inage .

4.  Surface drai  nage is  operat ' ive pr imar i  ly  dur ing heavy ra ' instorms.

5 .  Sur face  dra inage f rom sa l  ine  seeps  th rea tens  water  qua l  i t y  and
a l l  ecosys tems in  contac t  w i th  waters  po l lu ted  by  th is  d ra inage.  The
damaging agents are current ly  under invest ' igat ion;  they are assumed to
be  a  comb ina t ion  o f  heavy  meta ls ,  h igh  TDS,  and  h igh  nu t r ien t  l eve ls .
Sediment f rom erosion of  soi ls  a lso degrades sur face water  qual i ty .

6.  Adverse on-s i te envi ronmental  impacts inc lude:  a)  format ion of
sa l ine  so i l s  due  to  sa tu ra t ion  o f  exchange  s i tes  w i th  sod ium;  b )  loss  o f
p resent  vegeta t ion  due to  so j l  sa tu ra t ion ,  osmot jc  d is rup t ion  o f  p lan t
p rocesses ,  and  spec i f i c  i on  tox ic i t i es ;  c )  d ras t i c  changes  in  m ic roc l imate
due to  loss  o f  cover  and presence o f  a  sa l t  c rus t ;  d )  invas ion  by
ha lophy t ' i c  annua l  weeds;  e )  v i r tua l l y  comple te  d is rup t ion  o f  an ima l
hab i ta ts ;  f )  suscep t ib i l i t y  to  shee t  and  gu11y  e ros ' ion  and  w ind  e ros ion ;
g)  de ter io ra t ' ion  ( to  an  unknown ex ten t )  o f  sha l low aqu ' i fe rs ,  w i th  poss ib le
ef fects on domest ic  and stock water  wel ls .

7.  0f f -s i te impacts are not  fu l ly  documented at  th is  t ime.  Known
adverse  o f f -s i te  impacts  inc lude:  a )  leach ing  o f  sa l ts ,  heavy  rne ta ls ,  and
nut r jen ts  in to  sur face  waters  o f  the  s ta te ;  b )  eu t roph ica t ion  and sa l ine
s t ra t i f i ca t jon  o f  ponds  and reservo i rs ,  and loss  o f  t rou t  f i sher ies ;
c )  po ison ing  o f  l i ves tock  under  ce r ta in  c i r cumstances ;  d )  loss  o f  su r face
dr lnk ing  water  fo r  b ig  game and o ther  w i ld l t fe ,  w i th  consequent  hab i ta t
d i  s rup t ion .

B .  Con t ro l  o f  sa l ine  seep  i s  techn ica l l y  poss ib le  us ing  known
methods ,  d l though prac t ica l  p rob lems,  espec ia l l y  agr icu l tu ra l  economics ,
remain to be solved.  A great  deal  of  addi t ' ional  exper imentat ion and
demonst ra t ion  work  i s  needed.

9.  The 4-probe techn' ique of fers a pract ical  and economical  method
for  d iagnos ing  the  fea tures  o f  ind iv idua l  sa l ine  seeps ,  and fo r  mon i to r ing
treatment progress.  Cal  ibrat ion of  the technique jn terms of  the _many
geo log ' i c  var iab les  is  p roceed ing ,  and a  handbook is  be ing  prepared fo r  use
o f  the  4 -p robe  on  a  w jde-sca le  f i e ld  bas ' i s .

. |0 .  
Educat ion  o f  fa rmers ,  about  the  prob lem and the  a l te rna t ives  fon

cont ro l f  ing  i t ,  i s  sore ly  needed.  l4uch has  been done a ' long  th is  l ine  by
lnd iv idua ls  bu t  an  organ lzed and proper ly  funded e f fo r t  i s  needed.  I t  i s
cr i  t ica l  that  th i  s  educat i  on ef for t  i  nc l  ude informat ion about  the env ' i ron-
menta l  impacts  o f  sa l ine  seep,  and o f  the  var ious  a l te rna t ives .  The present
narrow focus on agr icul tura l  technology and economics is  understandable '  but
unfor tunate.  This focus should be expanded to expla in the broader
impl  icat ions of  controJ a l ternat ives to complete the farmer 's  ' in format ion

se t  dur ing  h is ' i nev i tab le  dec is ion -mak ing  e f fo r t  w i th  regard  to  sa l ine  seep .
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l l .  Data ,  needed fo r  a  comple te  eva lua t ion  o f  the  env i ronmenta l
impacts  o f  sa l ine  seep,  a re  no t  cur ren t ' l y  ava i lab le .  Some impor tan t  new
in format ion  is  now be ing  co l lec ted  and eva lua ted ,  and th is  new in fo rmat ion
wi l l  mod i fy  and ex tend the  in te rpre ta t ions  expressed in  the  body  o f  th js
report .

12 .  A  we l l -pub l i c i zed  sa l ine  seep  in fo rmat ion  c lea r inghouse  i s
n99d9d,  espec ia ' l  1y  fo r  co l lec t ion  and inves t iga t ion  o f  repor ts  o f  I  i ves tock ,
w i ld l i f e ,  and  f i sher ies  damage due  to  sa l ine  seep ,  and  fo r  coord ina t ion  o f
research .  The Depar tment  o f  S ta te  Lands is  we l l -s i tua ted  fo r  such a
func t ion ,  and cou ld  incorpora te  i t  in to  i t s  p resent  sa l ine  seep program.

. |3 .  
Spec i f i c  i n fo rmat ion  on  the  tox ic i t y  o f  sa l ine  seep  to  l i ves tock ,

w i ld l i f e ,  and  f i shes  i s  no t  now ava i lab le .  Research  in to  th i s  sub jec t  i s
essent ia l  fo r  in te rpre ta t ion  o f  impacts  o f  ex is ten t  o r  p ro jec ted  leve ls  o f
sur face  water  po l  lu t ion .

J4 .  The a l te rna t ive  methods  fo r  con t ro l  o f  sa l ine  seep invo lve
manipu la t ion  o f  the  hydro log ic  fac to rs  o f  the  recharge,  and/or  subsur face
s torage and dra inage components .  Sa l ine  seep cannot  be  cured  by  man ipu la -
t ions  ,o f  the  d ischarge area .

15 .  Ranked in  o rder  o f  decreas ing  adverse  env i ronmenta l  impacts ,
the  cur ren t ly  known cont ro l  techno log ies  inc lude:

l .  No  ac t ion .

2.  Ar t i  f  i  c i  a l  dra i  nage wi  th untreated sur face d i  sposa' l  .

3 .  A r t ' i f i c ia l  d ra inage  w i th  evapora t i ve  lagoon  d isposa l .

4 .  A r t i f i c ia l  d ra inage  w i th  foss i l - fue led  desa l  i n i za t ion .

5.  Intensive or  annual  cropping methods.

6 .  In tens ive  c ropp ing  w ' i th  perenn ia l  bamiers .

7 .  A t " t i f i c ia l  d ra inage w i th  so la r " -powered desa l  in iza t ion .

8 .  Re-cropp ing  w i th  deep- roo ted  perenn ia ls  in  recharge area .

9 .  Nat ive  or  rees tab l i shed grass lands  on  recharge area .

RecmtNDATIq,ts

Educat  i  on

A.  Es tab l i sh ,  fund ,  and  s ta f f  a  we l l -de f ined  and  adequa te ly
pub ' l  i c i zed  cent ra l  c lear inghouse w ' i th in  the  Depar tment  o f  S ta te  Lands
fo r  co l lec t ion  and  d issemina t ion  o f  i n fo rmat ion  on  sa l ine  seep ,  genera t ion
and s to rage o f  da ta ,  repor ts ,  and research ,  coord ina t ion  o f  research
e f fo r ts ,  and  inves t iga t ion  o f  i nc iden ts .
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B. Cont i  nue to fund Cooperat ' ive Extension Serv ' ice and Agr i  cul  tura l
Research Serv ice personnel  for  d isseminat ion of  current  s tate-of- the-ar t
in format ion on farming economics and techniques,  and the envi ronmental
consequences  o f  these techn iques .

C.  C la r i f y  and  make  pub l i c  the  1ega1  imp l i ca t ions  o f  sa l ine  seep
po l  I  u t ion ,  espec ia l  1y  regard ing  ar t i f i c ia l  d ra inage ' in to  sur face  waters
of  the state of  Montana.

D.  Fund and provide expert  technical  assistance for  f requent  farm
management seminars on sal ine seep,  t0 provide a forum for  exchange of
i  deas , experi ences , and mutual a' i  d.

Research

A. I  nvol ve the state' s un i  vers' i  ty system j n di sci p' l  i  nes other than
agr icul ture.  Much research is  needed 0n the many unknown. parameters of
s i l ine  seep impacts  on  the  env i ronment .  Much o f  th is  work  cou ld  be
accompl isnla Uv iesearch projects at  the graduate and undergraduate levels
in  thb  f ie lds  b f  te r res t r ia l  eco logV,  aquat ic  b io logy ,  l imno logY '  water
resources management, w' i  1 dl i  fe bi ol ogy , rural economi cs , game management '
soc i  o1 ogy , 

' l  
and use pl anni ng, b i  ochemi stry, and toxi co1 ogy. Th' i  s

potent i i i 'sour ie of  i i ranpowei-and expert isb has not  been aoequately tapped
in  the  pas t .

B .  Cont inue to  fund the  es tab l i shment  o f  a  water  qua l ' i t y  mon i to r ing
network for  sal ine seep.  Expand th ' i  s  system to provide representat ive
trend data for  a l l  areas of  t f re state whicf r  are af f l ic ted w' i th  sal ine seep.

C. Coord' inate the various agency and commerc' ial  I  aboratori  es whi ch
tes t  water  samples  or ig ina t ' ing  f rom sebp-po l lu ted  sources .  Th is  shou ld
be a  task  fo r  the  s ta te  c lear inghouse.

D.  In i t ia te  fo rmal  research  in to  the  water  budget  o f  the  na t ive
prai  r i  e  ecosystem, to d i  scover the preci  se mechani  sms whi  ch a ' l  I  ow ' i t

to  f  u1 ]y  ut i i  i  ze avai  I  abl  e water  ani  prevent  deep percol  at i  on .  Appl  y
th ' is  i  n format i  on to agr icul  tura l  pract i  ces '

E .  Expand the  e f fo r t  to  ca l ib ra te  the  4-probe res js t i v i t y  techn ique:
in i t i a te  a  b road  e f fo r t  to  fu1 ly  eva lua te  i t s  po ten t ia l  fo r  d iagnos is .and
moni to r ing  o f  sa l ine  groundwate is .  I f  the  techn ique cont i .nuqs_!o  look
prom' is ing ]  the  ins t rument  shou ld  be  w ' ide ly  d is t r ibu ted  and f ie ld  personne l
shou ld  be  t ra ined  to  use  i t .

F.  Consider ing the premature terminat ion of  the Environmental
Pro tec t ion  Agency  b io log ic i l  s tudy  on  the  H ighwood Bench,  add i t iona l
research int6 th;  ef fec is of  sal j i re seep on f isher jes and water  qual ' i ty
shou ld  be  g iven top  pn io r i t y .  The s ta te  c lear inghouse shou ld  coord ina te
the  e f fo r ts  o f  Federa l ,  S ta te  (F ish  and Game,  Water  Qua l i t y  Bureaun
Department of  Natural  Resources and Conservat ion) ,  and univ-ers i ty
re learch personnel  in  carry ing out  a broad invest ' igat ion of  the long-term
impacts of  sal ine seep on the sur face waters of  Montana.
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G.  In i t i a te  b ioassay  s tud ies  on  the  tox ico logy  o f  sa l ine  seep .

Contro l  and Reclamat ion

A.  Ar t i f i c ia l  d ra inage w i th  un t rea ted  sur face  d isposa l  shou ld  be
d iscouraged.  Techn iques  fo r  d isposa ' l  by  in jec t ' ion  shou ld  be  s tud ied
fur ther  to eval  uate the u l  t imate fate of  the water .

B .  Desa l  i n i za t ion ,  €Spec ia l  l y  techn iques  us ing  so l  a r  d i s t i l  l a t ion ,
shou ld  be  eva lua ted  fo r  use  in  a reas  where  ar t i f i c ia l  d ra inage is  under
cons i  derat i  on.

C.  0ngo ing  agr icu l tu ra l  research  in to  in tens ive  c ropp ing ,  use  o f
barr iers,  water-ef f ic ient  crops,  and deep-rooted perennia ls in  the recharge
area shou ld  be  cont inued,  dS these techn iques  must  u l t imate ly  be  adopted
in  most  a reas .  Th js  research  shou ld  be  coord ina ted  w i th  e f fo r ts  by  the
Montana Depar t rnent  o f  F ish  and Game to  re in t roduce w j ld l i fe ' in to  these
areas  where  feas ib le .

D.  Marg ina l  and submarg ina l  agr icu l tu ra l  land  in  recharge areas
shou ld  be  re tu rned to  g rass  cover ,  p re fe rab ly  na t ive  pra i r ie  spec ies .

t .  The  Agr i cu l tu ra l  S tab i l i za t ion  and  Conserva t ion  Serv ice  shou ld
recogn ize  the  ser ious  consequences  o f  uncont ro l led  sa l ine  seep.  Th is
agency  shou ld  rev ise  i t s  na t iona l  po l i cy ,  to  make sa l ine  seep cont roJ
measures  e f ig ib le  fo r  cos t -shar ing  programs on an  equa l  bas is  w i th  so i l
e ros ion  cont ro l  measures .

F.  The Federal  Government and the State should g ive ser ious
considerat ion to establ ishrnent  of  a " land bank" type program, to compensate
farmers for  loss of  agr icul tura l  product ion due to recharge contro l  and
reclamat ion techniques,  and to encourage cooperat ion among farmers wi th
sal ine seep systems whose component  par ts are d iv ' ided by a property l ine.
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5 l  .

52,
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54.

55 .

53,  ,  1973.  Sal  i  ne seep devel  opment on noni  mi  gated cropl  and.  Speech ,
Xerox copy.

,  1974.  Te lephone conversa t ion  o f  June 27 ,  1974.

CQLLINS,  A .  Gene,  1974 .  Sa l ine  g roundwate rs  p roduced  w ' i th  o i l .and  gas .
Envi  ronment i t  Protect ion AqAncy- '660/2-74-01 0 (u 's .  G '  P.0 '  )  '

56 .  CQNNELL,  Dr .  Mar t in  DVM (Glasgow) ,  1974.  Conversa t ion  o f  Ju ly  26 ,  1974.

57 ,  ,  1974.  Te lephone conversa t ion  o f  Ju ly  lB '  1974.

58 .  CQQPERATIVE EXTENSI0N SERVICE,  MSU,  1973.  Proceed ings :  Governor 's
sal ' ine seep emergency meet ' ing i  Hel  ena ,  Montana .

59 .  - - - -  ,  I973 .  Sa l  i  ne  seep;  Pre l  im j  nary :  Poss ' ib l  e  cont ro l  p rac t i  ces  .
Montana Aqr i  cul  tura l  Exper i  ment-  Stat i  on Journal  .  Ser i  es no .  4 l  I  '
Fo lder  l48 .

60.  CURRAN, Denn' is  ,  1973.  "Montana decl  ares war on sal  i  ne seep.  "  Independent
Record ,  Apr i l  26 ,  1973 .

6 . | .  DeWOLF,  J im,  1973.  "Researchers  t ry  to  so lve
Dai ly  Cht "g l i ca l  ,  Jan .  28 ,  1973.

62,  DQRAN, David A.  r  1974.  Let ter  of  June 26,  1974 to Dr.  Loren Bahls
(EQC) .

63 .  D0UGLAS,  Duane M.  DVM (S idney) ,  1974.  Te lephone conversa t ion  o f  Ju ly
17 ,  1974

64,  DUNCAN, Robert  (Department of  State Lands;  Coordinator '  Sal ine-Alkal i
Adv isory  Cdmmi t tee) ,  1974.  Conversa t ion  o f  June 

. |0 ,  
1974.

65 .  ,  1974 .  Conversa t ion  o f  June  
. |4 ,  

1974 ,

66 .  ,  1974.  Le t te r  o f  May 24 ,  1974 to  Tom Bra idech,  EPA.

67,  ,  1974.  Montana State Univers ' i ty  proposal  .  Xerox copy.

68 .  ,  1974.  Te lephone conversa t ion  o f  Ju ly  15 '  1974,

69 ,  DUSEK,  Gary  1 . ,  197. |  .  Range re la t ionsh ips  o f  mu le  deer  in  the  pra ' i r ie
habi t i t ,  nor thcentra l  Montana.  Project  h| - l20-R- l  and 2.  F inal
report  (S 599.7357 Far)  .

70 ,  - - - - ,  . | 974 .  
Te lephone  conversa t ion  o f  Ju ly  

. |8 ,  1974 .

71  .  ELL IS ,  M.M.  Ph .D. ,  1936 .  De tec t ' i on  and  measurement  o f  s t ream_po l lu t ion .
i  t t  Bi o1 ogy of water pol ' l  ut i  on . U , S . Departmgf_of the I nteri  or ,
Ed.  Water  Pol  1 ut i  on Contro l  Admi n i  s t rat i  on ,  1 967 .

farmers t di I emma. " Bozeman
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72.  ERICKSON,  E .L ,  ,1947 .  Forage  f rom Koch ia  ( [och ia  scgpa f ja -L ) :  ^
Bu l ie t in  384,  Aqr icu l tu ra l  Exper iment  S ta t ion ,  South  Dakota  Sta te
Co1 lege  (Brook i rgs ,  S .D .  ) '

73 .  F [n tRAL REGI0NAL COUNCIL,  1g74.  Agenda,  Meet ing  o f  Feb.  5 ,  1g73 a t
l ]enver.

74 .  FEIST,  F rank  (B io log ' i s t ,  Montana  F ' i sh  and  Game,  Grea t  Fa l l s ) ,  1974 ,
Te lephone conversa t ion  o f  Ju ly  12 ,  1974,

75 ,  FERGUSQN,  Dr .  Hayden (Pro fessor  So i l s  n  MSU) ,  1973.  Memo o f  Sep!  :  7  ,
1973 to members of  the Governor 's  Comm' i t tee on Sal ine-Alkal i
Probl ems i n r{ontana. Xerox copy.

76,  FERGUSON, Dr.  Hayden ,  1974.  Telephone conversat ' ion of  July 
. |5 ,  

1974.

77 ,  CEMMEL,  Rober t  B .  (S ta te  Conserva t ion  Eng ineern  ! , ! rD .4 . *S .C.S .  Bozeman) ,
1973 ,  Te lephone  conversa t ' i on  o f  se [ t .  13 ,  ]973  w i th  Dr .  L .  Bah ls
(EQC) .

78.  GINTHER, Burt  (Feed Contro l  Chemist ,  Agr icul ture Department Chemistry
Lab,  MSU)  ,  1974.  Te lephone conversa t ion  o f  Ju ly  3 ,  1974.

79 ,  GORHAM'  Pau l  R . ,1964 .  .Tox ic  A lqae ,  I [ ,  A lqae  andg .  Ed .  by
Dan ie ' l  F .  Jackson  (P lenum,  NYC) .

80.  GORMANN, Peter  (Water  Qual ' i ty  Bureau,  Department of  Heal th and
fnvi ronmenial  Sciences),  1974,  Telephone conversat ion of  July
' l  
l  ,  

. |974.

8 l  .  ,  1g7 4.  Tel  ephone conversat ' ion of  Aug .  B ,  1g7 4 .

82 ,  HAAS,  J .J . ,  h | .0 .  WILL IS ,  and  J .J .  Bond ,  1974 .  "summer  fa l lOw in  the
nor thern  grea t  p1a ins . "  In :  Summer  fa l low in  the  western  Un i ted
Sta tes .  [ i .S .D.A. -Agr icu l f f i ra l  Research  Serv ice ,  1974.  Conserva t ion
Research  Repor r t  No .  17 ,  (U .S .G.P .0 . ) ,

HALVER, Dr.  G' len DVM (State Veter inar ian,  Department of  L ivestock) ,
1974.  Conversa t ion  o f  Ju ly  2 ,  1974.

,  1974.  Te lephone conversa t ion  o f  Ju ly  2 r  1g74,

HALVORSON, Dr.  Ardel  1 (Agr icul  tura l  Research Serv ' ice ,  Si  dney) ,  1974 .
Conversa t ion  o f  Ju ly  25 ,  1974,

86 .  ,  1973.  Sa l ine  seeps  in  eas tern  Montana.  In :  About  the  env i ron-
ment .  Coopera t ive  Ex tens ion  Serv ice .  Vo l . -T ,  No.  2 .  Aug.  9n  1973.

87 ,  ,  and  A .L ,  B lack ,  and  C.A .  Rue le ,  1974 .  "sa l ine  seeps- -con t inued
bad news for  many farmers."  Montana Farmer-stockman 61( lB) :
34-38.  March 21 ,  1974,

83 .

84 .

85 .

8s
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89.  ,  and  J .D .  Rhoades ,  1974 .  Assess ing  so i l  sa l in i t y  and  iden t i f y ing
poten t ia l  saJ ine-seep areas  w i th  f ie ld  so i l  res is tance measurements .
To be publ  ished in :  Soi  I  Sc i  ence Soc' iety of  Amer j  ca Proceedi  ngs ,
38 :576-58 l  .

90.  HANS0N, T.  L.  ,  1974.  Not ice of  research project :  Contro ' l  o f  water
seepage areas of  underground drajns.  MSU.

91 .  HAWKS,  Pau l  (Nor thern  P la ins  Resource  Counc i l ,  B i l l i ngs ) ,  1974 .
Let ter  of  March 27,  1974 to James Steward,  Glasgow; Let ter  of
Feb .  

. |9 ,  
1974  to  Char les  Smi th ,  MSU.

92.  HEM,  J .D. ,  
. |970 .  

S tudy  and in te rpre ta t ion  o f  the  chemica l  charac ter is t i cs
o f  na tu ra l  wa te r .  U .S .G.S .  Wate r  Supp ly  Paper  1473 .  (R .S .G.P .0 .  ) .

93 .  H0 | -MES,  J .0 . ,  1973 .  "Sa l t  damage sub jec t  o f  s ta te  meet ing . "
Indep.endent  Record,  Apr i  1 l8  ,  1973.

94 .  HOPSON,  H.A.  DVM ( I^ |o l f  Po in t ) ,  
. |974 .  

Te lephone conversa t ion  o f
Ju ly  

. |8 ,  
1974 .

95 .  HUTCHINSON,  Ar thur ,  1974.  "F ' igh t ing  de lays  ba t t le  to  save land. "
Independent  Record ,  Feb.  17 ,  1974.

96 .  ,  1974.  "More  punch in  sa l ine  seep war . "  Independent  Record '
Feb .  21  ,  \974 .

97 .  ICENHOWER,  Joe,  E .  (So i l  Conserva t ion  Serv ice ,  G lasgow) ,  1974.
Conversa t ion  o f  Ju ly  26 ,1974 .

98.  INTERAGENCY SALINE SEEP TRAINING, 
. |973.  

Agenda,  week of  Sept .  ?4 '?8,
I  973 .

99 .  JENSEN,  Lou is  (So i l  Conserva t ion  Serv ice ,  Baker ) ,1974 .  Conversa t ion
of  J  u ly  24  ,  1974.  ,

100 .  JOHNS0N,  D ick  (F ' i sher ies  B io log is t ,  F ish  and  Game,  Grea t  Fa l ' l s ) ,
1974.  Telephone conversat ' isn of  July 1 l  ,  1974.

l0 l .  JUDGE'  Thomas (Governor  o f  Montana) ,1974 .  Le t te r  o f  Jan .  l l '  1974
to Mr.  Robert  Rosenheim, Chairman, Mountain Pla ins Federa ' l
Reg iona l  Counc i l .  Xerox  CopY.

102.  ,  1974.  Let ter  of  June 26,  1974 to Fletcher l lewby (EQC).

. |03.  
IGISER, Jerry (Water  Qual i ty  Bureau,  Department of  Heal th and Envi for-

mental  Sciences,  Bi  I  I  ings)  ,  1974.  Tel  ephone conversat ion of
Ju ly  I  5 ,  1974 .

. |04 .  
,  1974.  Te lephone conversa t ion  o f  Aug.  20 ,  1974.

105.  KELLER, Adam (Stockman, Havre) ,  1974.  Conversat ion of  July 29,  1974.

-7 6-



106.  KEMP,  Homer  T . ,  Rober t  L .  L i t t le ,  Verna L ,  Ho loman,  and Ra lph  L .
Darby,  1973.  Water  qual  i ty  cr i ter ia data book Vol .  5:
Effects of chemical s on aquatic I  t fe. Off ice of Research
and Devel opment, EPA I^IPCRS : I 8050HLA 09/73.

J07.  K ITTRELL,  F . l , { . ,  
. |969 .  

A  prac t ica l  gu ide  to  water  qua l i t y  s tud ies
of  s t reams, Fed.  Water  Pol lut ion Contro l  Administ rat ion.

. |08 .  
KOLAR,  James V.  (Pro jec t  Coord ina tor ,  Bear too th  RC&D,  U.S.D.A.  ) ,

1 973. Letter May 2 , 1 973 to Senator George Damow.

109.  ,19 t74 .  Te lephone conversa t ' ion  o f  Ju ly  18 ,  1974.

1 . |0 .  K0PP,  Ado lph ,  J r . ,  1973 .  Le t te r  o f  Aug .  3 , . . |973  to  R ichard
St .  John  (h |e l l s ,  S t .  John ,  and  Rober ts ) .

l l l .  K0PP, , lohn F '  and Robert  C.  Kroner,  1967.  Trace metals in  waters
of the United Statesl A f ive-year surnmary of trace metals in
r ivers and lakes of  the Uni ted States (Oct .  ' l  ,  1962 Sept '
30 ,  

'1967)  
.

' l  
I2 .  KUHR, Paul  (Stockman, Havre)  ,  1974.  Conversat ion of  July 29,  1974.

113.  LAWRENCE,  T . ,  1973.  0 rb i t  ta l l  wheatgrass .  Xerox  copy .

l14.  ,  1974.  Seeding sal ine areas.  Jn:  Swi f t  Current ,  Saskatchewan
week' ly I  etter. Xerox copy.

I  I5.  LEE, Dr,  Ken DVM (Scobey) ,  1974.  Te1ephone conversat ion of  July 
. |8 ,  

1974.

l l6 ,  MALSAM, Joe (Stockman and farmer,  Havre) ,  1974.  Conversat ions of
Ju ly  29  and 30 ,  1974.

l ' 17 .  MANEY,  Mar i l yn ,  1973 .  "Tech  s tud ' ies  sa l ine  seep .
Ju ly  ?9 ,  I  973 .

l l$ .  MAY,  Georger  1973,  Le t te r  o f  Aug.  ?8 ,  
. |973  

to  Dr .  Loren  Bah ls ,
t ransmit t ing proposal  submit ted to NASA concerning use of
ERTS for study of sal ine seep in Montana.

l l9 .  McGAUHEY,  P.H. ,  
. |968 .  

Eng ineer ing  Managemen!  o f
(McGraw-H i l l ;  N .Y . ) .  

- ldaterQua l ' i t y

120.  MILLER,  Marv in  R.  (Cn ie f  Hydrogeo log is t ,  Montana Bureau o f_Mines
anO Geo logy ,  But te ) ,  1974.  Conversa t ion  o f  June l8 '  1974.

121  .
Center  meet ing ,  He lena June l ,  1974.

1?2,  ,  and Ernes t  Bond,1973.  Hydro log ic  Impacts :  Par t  l - -Ground
water  hydrology.  In:  Impacts of  induced ra jnfa l l  on the
Great  Pla i rs  of  Montana.  Montana Agr icul tura l  Exper iment
S ta t ion ,  Bozeman.  Bu l le t jn  670 .

"  Montana Standard '
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. |23 .  
MILNE,  R.A.  and E.  Rapp,  

. |968.  
So ' i l  sa l in i t y  ang dra ' inage prob lems.

Canada Department '  of  Agr icul  ture.  Publ  icat ion I  31 4.

1?4. MONTANA AGRICULTURAL EXPERIMENT STATION, BOZEMAN , I  969. SOi 1 S i  N
Montana.  Bu l le t in  621 -

I25. MONTANA AGRICULTUML EXPERIMENT STATION and MONTANA COOPERATIVE
EXTENSI0N SERVICE, 1974.  A research and educat ional  program"
Xerox copy.

126. MONTANA BUREAU OF MINES AND GEOLOGY, 1972. ChArgC SChEdU]E fOT
wate r  ana lYs is .

1?7. M0NTANA DEPARTMENT 0F FISH AND GAME, 1962. Montana Mamrnals. Pamphlet.

I  28.  ,  N.  D.  Montana'  s  Up' l  and Game Bi  rds .  Pamphl  et  '

12g. MONTANA DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES, N.D.
Montana I aws regardi ng water po' l  I  ut i  on '

.130 .  
,  l g7 l  .  Montana  wate r  qua l i t y  c r i te r ian  wa te r  use  c lass i f i ca t io l l s r
and water  Pol icY statements.

J3J .  MONTANA DEPARTMENT OF L IVESTOCK,  ANJMAI  HCA] th  D iV iS iON,  I973 '
0 f f i c ia l  d i rec t i ve  no .  l .  water  fo r  l i ves tock  use .  xerox  copy .

I32. MONTANA DEPARTMENT OF NATURAL RESOURCES AND CONSERVATION' ENCTgY
i funn ing  D iv is ion ,  1974.  Dra f t  env i ronmenta l  impact  s ta tement
on Col  s i r  j  p-Broadvi  ew 230- kv t ransmi ss ion I  ' ine.

133.  ,  1972.  Sj tuat ion statement:  sediment.  Xerox copy'

134. MoNTANA DEPARTMENT 0F PLANNING AND EC0NOMIC DEVELOPMENT, 1970'
uoniunu d; t ;  book.  Chapter  B:  Land Use;  Chapter  l0 :  Agr icul ture.

135. MoNTANA DEPARTMENT 0F STATE LANDS, 1974. Notes on the Alberta
sa t in i ty  tour  ( , lu iy  gO,  1974) ,  ac t ' i v i t ies  and peop ' l  e  invo lved
'i n sal i n e seep work 'in Al berta . Xerox copy'

I 36' M0NTANAo'l:*"':i:::Xt]l?1.*::3:,'9f|il5l;. I e70' Montana soi I

137. MONTANA STATE SENATE AND HOUSE OF REPRESENTATIVES, ]973. SCNATC
jo in t  reso lu t jon  33 .  Xerox  coPY.

MoNTANA STATE STUDY TEAM, 1 973. l^lestern u. s. water pl an-Montana report .

MQRRISQN, F.B. ,  1937. Feeds and Feedilg: A handbook for phe student
and stoci ' i ra; : -  ( t .4of f i  cor  l th ica,  N.Y.) .

MOUNTAIN PLAINS FEDERAL REGIONAL COUNCIL,  1g74.  MJNUTCS Of SA] iNC
seep meet ing ,  Apr i l  12 ,1974  in  Denver '

I  38 .

I  39 .

I  40 .

-78-



l4 l .  NEEDUM, Robert  (Regional  f isher ies manager,  Montana Fish and Game,
Glasgow) ,  1974.  Conversat ion of  July 29,  1974.

142.  ,  1974.  Let ter  of  July 29,  1974.

143.  ,  1974.  Telephone conversat ion of  Ju ' ly  I  I  ,  1974.

144.  ,  1974.  Te lephone conversa t ion  o f  Ju ly  
. |5 ,  

1974.

145.  NEWBY, Fletcher (Former execut ive d i rector ,  EQC),  1973.  Let ter  of
Ju ly  25 ,  1973 to  Mur ray  Ste in ,  U .S.  Env i ronmenta l  Pro tec t ion
Agency.

146.  NEWPORT, Thomas G.,  1974.  Sal ine Seep Project ,  Montana.  Xerox copy.

147 .  N0BLE,  Ke i th  (Bureau  o f  Land  Management  Resources  D iv is ion ,  B i l l i ngs ) ,
1974.  Telephone conversat ion of  July 3,  1974.

. |48 .  
O0STING,  Henry .J . ,  

. |956 .  
S tudy  o f  P lan t  Com[gn i t ies  (Freeman:  San

Franci sco) . Chapter 7f-ThysiographiETactors : Pedogenesis ;
Chapter  8:  Phys ' iographic factors:  Edaphology.

149.  Ot^ lEN, Lorne,  1974.  Consensus of  costs and returns for  B0 acres of
bar ley on cont inuous cropping pat tern on a 

. | ,200-acre farm in
the Vulcan area.  Alber ta Department of  Agr icul ture.  Xerox copy.

. l50 .  
PEDERSON,  Les  (Techn ica l  coord ina tor ,  Sa l ine-A lka l i  Adv isory  Cor rn i t tee '

Department of  State Lands),  1974.  Telephone conversat ion of
Ju ly  

. |5 ,  
1974 .

I 51 . PERRY , Eugene S. ,  N. D. Geol og' i  c hi story of Montana. MS ( 550. 786-1 429) .
Montana State Histor ical  Society.

,  1962.  Montana in the geologic past .  Montana Bureau of  Mines
and  Geo logy .  Bu l le t in  26 .

PETERSON, Gary t , ' | . ,  1973.  Ut i l izat ion of  ERTS data for  the detect ion
and moni lor ing of  sal  ine seeps in Montana.  Proposal  to NASA.
Xerox copy.

J54.  POSEI^ l ITZ,  James (Environmental  Informat ion Div is ' ion,  Montana Fish
and  Game) ,  1973 .  Le t te r  o f  Ju ly  2 ,1973 ,  to  L loyd  Meyer
(Department of  Intergovernmental  Relat ions.  ) .

155.  ,  1973.  Le t te r  o f  November  29 ,1973,  to  Dr .  Loren  Bah ls  (EQC) .

156.  PRESCOTT, Dr.  Gerald,  1974.  Address at  F lathead Limnology Symposium,
February 12,  1974.  Noes by Dr.  Loren Bahls (EQC).

157 .  QUINN,  Wi l l i am (Chemis t ,  Montana  L ives tock  San i ta ry  Board  D iagnos t i c
Labora tory ;  Bozeman) ,  1974.  Te lephone conversa t ion  o f  Ju ly  l ,  1974.

15?.

I  53 .
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. |58 .  
RADELEFF,  R.D. ,  1970.  Veter inary  Iox ico logy .  ( tea  and Feb igBF,

Ph' i ladelphia)  .  Secor iTEiJFon.

159 .  RAWS0N,  D .S .  and  J .E .  Moore ,  
. |944 .  

The  sa l ine  lakes  o f  Saska tchewan.
Canad ian  Journa l  o f  Research ,  D .2? :  pp .  l4 l -20J .

. |60.  
RESEARCH C0MMITTEE, Northern Pla ins Area of  Nat iona' l  Associat ion of

Conservation Di str i  cts ,  1967. Conservati  on prob' l  ems needi ng
research .

l6 l .  R IEM,  Dr .  Rober t  ( td i l d l i f e ,  MSU) ,  1974 .  Te lephone  conversa t ion  o f
Ju ly  

. |5 ,  
1974 .

162.  ROBERTS,  Ash ley  (Ch ie f  o f  Parks  and Recreat ion ,  Montana F ish  and Game)n
1974.  Te lephone conversa t ion  o f  Ju ' l y  

. |5 ,  
1974.

' i 63 .  
R0SS,  Rober t  L . ,  Ear l  P .  Mur ray ,  and  June  G.  Ha igh ,  

. |973 .  
So i l

and vegeta t ion  inventory  o f  near -pr is t ine  s i tes  in  Montana.
USDA-Soj l  Conservat ion Serv ice,  Bozeman.

. |64 .  
RQGNRUD,  Mer le  (Ac t ing  Bureau Ch ie f ,  Game Management  D iv is ion ,

Montana Depdrtment of  F ish and Game),  1974.  Telephone conversat ion
o f  Ju ly  

. |5 ,  
1974 .

165.  SAGE CREEK COLONY (Hut ter i te communi ty,  Havre) ,  1974.  Conversat ions
o f  Ju lY  30 ,  1974 .

166.  SALINE-ALKALI  ADVIS0RY COUNCIL,  1974.  Meet ing  o f  Ju ly  8 ,  1974 a t
F t .  Benton ,  Montana.

167.  ,  1974.  Rev iew o f  reg ' iona l  ac t i v i t ies .  Xerox  copy .

l68.  SALINE SEEP EMERGENCY C0MMITTEE, 1974.  Sal ine seep quest ionnaire.
Xerox copy.

. |69 .  
SAUNDERS,  Glen  (Agr icu l tu ra l  S tab i l i za t jon  and Conserva t ion  Serv icen

Columbus) ,  1974.  Te lephone conversa t ion  o f  Ju ly  
. |8 ,  

1974.

170.  S IGRDA,  Char les  (Farmer ,  Denton) ,  1974.  Conversa t ion  o f  Aug.  J ,  J974.

l7 l ,  SCHLEYER,  Rona ld  J .n  1974 .  "S ta te  suspec ts  sa l ine  seep  caus ing  t rou t
to d isappear."  Independen_t  Rgcord,  May ?9,  1974.

,  1973.  "There 's  a  way to  f igh t  Seep. "  Independent  ReSOrd '
Nov.  

. l4 ,  
1974.

SCHNEIT,  Da]  e (Farmer-stockman, [ ' l |o l t ) ,  1974.  Conversat ion of  July 22,  1974.

SHELLEDY,  h | .R . ,  J t . ,  19740 .  "Agr i cu l tu ra l  i r r i ga t ion  and  sa l ine
qual ' i ty  of  Water ."  Land and } l |a te lL-qU Review. Vol  .  5,  No.  2-
tini verl i ty of Wyomi ngT-wEhooT.

172 .

I  73 .

174 .

- B0-



. | 75 .  
SMITH,  Dr .  Char les  (Ex tens ion  so i l  sc ien t i s t ,  MSU) ,  

. |973 .

seep. Xerox copy.

176.  ,  1974.  Te lephone conversa t ion  o f  June 14 '  1974.

177.  SQMERFELD, Jul  ius (Farmer,  Power)  ,  1974.  Conversat ion of  Ju ' ly  3I  '  1974.

178.  S0MMERFELDT,  Theron G.  (Research  sc ien t is t ,  so ' i l  sc ience sec t ion ,
Alber ta research stat ion) ,  1974.  Let ter  to Robert  Duncan
(Montana Department of  State Lands).

179.  STEWART, James (Vice-president ,  lv lontana Qual  i ty  Commodi t ' ies,  Gl  asgow) ,. |973 .  
A Ika l i  sa l ts  and an imal  hea l th .  Xerox  copy .

lB0 .  , . | 974 .  "Dry land  fa rms don ' t  ho ld  a l l  o f  s ta te ' s  sa l ine  i l l s . "
Grea t  Fa l l s  T r ibune ,  Jan ,  17 ,  1974 .

181 .  ,  1974 .  Le t te r  o f  Ju ly  6 ,  1974 .

I82 .  ,  1973 .  "New s teps  taken  in  sa l ine  war . " Great Fal  I  s  Tr ibune,
June  29 ,  1973 .

,  1973.  Le t te rs  o f  Aug.  B  and 
. |4 ,  

1973,

,  1973.  Let ter  of  December 
. |8,  . |973 

to
F t .  Ben ton) .

,  1974 .  "Sa l ine  e f fo r t s  ' ou t  o f  s tep ' . "
Jan .  27 ,  1974 ,

Great Fal I  s Tr i  bune,

,  1974.  "Sal ' ine research expands
Tr ibune ,  Feb .  21 ,  t r974 .

' in  Col  orado.  "  Great  Fal  I  s

,  1973.  "sa l ine  seep a t tack  can be  s ta r ted  0n ex i  s t i  ng
Apr i l  

. | 2 ,  
1973 .agr i  cul  tura l  budgets .  "  Great  Fal  I  s  Tr i  bune '

to

Dr .

Sal  i  ne

F le tcher  Newby (EQC) .

Paul  Brown (ARS,

183 .

I  84 ,

I  85 .

186 .

I87 .

I  88 .

189 .

I  90 .

,  I973 .  "Sa l ine  seep  damag ing  wate r  supp l jes .
Tr ibung,  Jan .  25 ,  1973.

,  1974.  "Sa l ine  to le rance Ieve ls  repor ted . "
Apr i l  25 ,  1974 .

"  Great

Great Tr i  bune ,

Great Fal l-s

Fa i l s

Fa l l s

,  1973 .  "Sa l ine  pane l  h i t s  comnun ica t ion  snar l
Tr i lune ,  Sept .  

. |3 ,  ' |973 .

. |91  
.  ,  I974 .  "Sa l ' i ne  seep  ' i nac t ion '  d raws  rancher  p ro tes t . "

U ,eq t  Fa l l s  T r ibune ,  Jan .  
. |0 ,1974 .

. |92 .  
,  1973 .  "Sa l ine  seep  pane l  takes  Is t  o rgan iza t iona l  ac t ion . "
Grea t  Fa l l s  T r ibune ,  May  lB ,  1973 .

,  
. | 973 .  

"S ta te  now mov ing  on  sa l ine  i l l s . "
May  3 ,  1973 .

I  93 .
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194.  ,  1974.  Telephone conversat ion of
. |95 .  

,  
. |973 .  

"Unexp la ined an imal  deaths

209.

21  0 .

June 28 ,  1974.

extensi  ve,  "  Great

Great  Fal  I  s

Fa l l s
Tr ibune ,  Dec .  20 ,  1973 .

196 .  ,  1974 .  "U .S .  asked  fo r  sa l ine  con t ro l  a id . "
T r ibune ,  Apr i l  18 ,  1974 .

197.  ,  1974.  What  i s  the  sa l jne  prob lem? Speech be fore  He lena
K iwan is  C lub ,  January  21 ,  1974 .

198.  STEWART,  R.E.  and Haro ld  A .  Kant rud ,  1972.  Vegeta t ion  o f  p ra i r ie
po tho les ,  Nor th  Dakota ,  in  re la t ion  to  qua l i t y  o f  water  and
other  env i ronmenta l  fac to rs .  U .S.  Geo log ica l  Survey ,  Pro fess iona l
Paper  585-D.  (U .S .G.P .0 .  )  2401-1 . |43 .

. |99 .  
STIMMERMAN,  L is le  (Manager ,  Benton  Lake t^ l i ld l i fe  Refuge,  Bureau o f

Sport Fi sheri es and l^t i  l  dl  i  fe) ,  197 4. Conversati  on of Aug . I  ,  
. |974.

200.  THACKER,  Wende l  (So i l  Conserva t ion  Serv ice ,  Great  Fa l l s ) ,  1974.
Te' lephone conversat ion of  June 27 ,  1974.

201.  THOMAS,  0scar  0 .  (L ives tock  nu t r i t ion is t ,  MSU)  ,  1974.  Te lephone
conversat ion of  July 3,  197+.

202.  TOMLINS0N,  ld i l  I  iam (Ed. ) ,  1974.  A  rev iew o f  I  i te ra tu re  per ta in ing
to  the  tox ic i ty  o f  subs tances  present  in  sa l ine  seep.  Env i ron-
menta l  Qua l  i t y  Counc i l .

2A3. TRIBUNE CAPITOL BUREAU , 1974. "Farm control offered in new biI I
dea' l  i  ng wi  th sal  i  ne Seep.  "  Great_ Fal  1s Tr i  bune,  Jan.  

' l  
6 ,  1 974.

204.  TRIBUNE C0RRESPONDENT, 1973.  "Bol1 inger urges more rura l  voice ' "
qreat Fql l s lf j lune, Dec . 20, 

.| 
973.

205.  TRUEBLO0D, R' ichard ( l^ l i  t  d l  i  fe  Bio l  ogi  s t ,  Montana Fi  sh and Game,
Glasgow) ,  1974.  Te lephone conversa t ion  o f  Ju ly  15 ,  1974.

206.  U.  S.  Department of  Agr icul ture,  
. |954.  

Diagnosis and improvement
o f  sa l ine  and  a lka l ' i  so i l s .  Agr i cu l tu re  Handbook  No.  60
(u.s.G. P.o.  ) .

?07.  ,  Beartooth R.C.& D. Project ,  1973.  Program comni t tee specia l
meet ing  minu tes .  May B,  1973 a t  Co lumbus,  Montana.

208. U. S. D.A. COMMITTEE FOR RURAL DEVEL0PMENT, M0NTANA: Subcorymittee
on  seeped  and  sa l ine  so i l s , . |971 .  Repor t .  Xerox  copy .

,  Soi l  Conservat ion Serv ice,  
. |973.  

Habi tat  management for
mule  deer .  Pamphle t .

,  
. |973.  

Habi tat  management for  whi te- ta i l  deer.  Pamphlet .
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2 l l .  U .  S .  Geo log ica l  Survey ,  1973.  1972 Water  resources  da ta  fo r  Montana,
Part  I :  Surface water  records.
Par t  I I :  Wate r  qua l  i t y  records .  (U .S .G.P .0 .  ) .

212.  VAN VOAST,  Wayne A.  (Montana Co l lege o f  Minera l  Sc ience and Techno logy) ,
1974.  Hydrologic ef fects of  s t r ip  coal  mining in southeastern
Montana Emphasis:  One year of  min ing near Decker.  Xerox copy.

2 . |3 .  V IETS,  Frank  G. ,  J r .  and R ' i chard  H.  Hageman,  l97 l  .  Fac tors  a f fec t ing
the  accumula t ion  o f  n i t ra te  in  so i l ,  wa te r  and  p lan ts .  Agr i -
cu ' l tu ra ' l  Handbook No.  41  3 .  Agr icu l tu ra l  Research  Serv ice-U.S.D.A.
(u.s.G.P.o.  ) .

2. |4 .

2 l  5 .

2 l  6 .

VOROZILCHAK,  J0  Ann,  
. |973.  

Seepage jnves t iga t ion ,  Deadman 's  Bas in .
WICHE-Montana Department of Natural Resources and Conservation,
F ina l  Repor t .  Bou ler ,  Co lorado.

WARREN,  Char les  E . ,  
. | 97 . | .  

B io logy  and  wate r  po l lu t ion  con t roJ .
( t ^ l .8 .  Saunders  Co :  Ph i lade lph ia ) .

WATSON,  Ian  C.  and  Fred  M.  He jder ,  l gT? .  Feas ib i l i t y  o f  desa l t i ng
munic ipal  water  suppl  ies in Montana.  Research and Development
Progress Report  No.  783.  U.S.  Department of  the Inter ior ,
O f f i ce  o f  Sa l ine  Wate r .  (U .S .G.P .0 . ) .

217.  Ia |EAVER,  J .E , ,  
. |968 .  g ra i r ie  g lan ts  apd ! [e i r  env i ronment :

Xggt study in @1v. 6:i-l[euTE'sE-ffi:

218.  h IE IGAND,  John  P . ,  1973 .  Ana lys is  o f  up land  game b i rd  p roduc t ion
data--stateui ide,  1972.  Proj .  t , . l - l20-R-4.  Job Progress Report .

2 l  9 .  l l | ILLARD,  Dan ie l  E . ,  1935.  Montana_,  The.Geo log ica ' l  S to ry .  (Sc ience
Press  Pr in t ing  Co :  Lancas te r ,  Pa . ) .

220.  WILLOCK,  T .A. ,  1968.  Le t te r  to  John } ' l .  Lee te .  Xerox  copy .

221 .  ,  1968.  l r lew Alberta records of  the s i lvery and brassy minnows,
s tonecat  and sauger ,  w i th  a  p re f  im inary  l ' i s t  o f  f i shes  o f  the
M j  

' l  
k  Ri  ver  j  n  Al  ber ta.  Canadi  an Fi  e l  d-Natural  i  s t .  Vol  .  BZ ,

No.  
' l  
.  January-March,  

. |968.

222.  b, , ITT,  Dai  e (h l i  I  d l  i  fe  Bio l  ogi  s t ,  Montana Fi  sh and Game, Freezeout
Lake l l l i l d l  i fe  Refuge) ,  1974.  Te lephone conversa t ion  o f  Ju ly  lB ,  1974.

223.  ,  
. |973.  

Water fowl  breeding ground and product ion survey.
Job Progress Report.  Proj.  } , l - . |30-R-4.

224.  ZIMMTRMAN, Jerry (Missour i  River  Basin Commission staf f )  ,  1974 i :  " -
MRBC-Federal  Regional  Commission staf f  report  on sal ' ine seeps ,_ _*_-- ,
in  the northern great  p1a' ins region.  Xerox copy.

A f i f t
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Missour i  R iver  Bas in  Conrmiss ion

10050 Regency  C i rc le ,  Su i te  403
0maha,  NB 68 l  14

MRBC has voted to cooperate wi th state and federal  agencies in help ing
to a l lev iate the sal ine seep prob' l  em. MRBC staf f  has reviewed the
s i tua t ion  and issued a  background repor t  (224) .

Mountain Pl  a, ins Federal  Reqional  Counci  I

Federal  Bu' i l  d ing,  Room 
. |404. |

I  96.|  Stout St.
Denver, Colorado 80202

MPFRC, together wi th MRBC, has expressed concern over potent ia l  problems
generated by sal ine seep and may become more act ively involved at  a
I  a te r  da te .

So i l  Conserva t ion  Serv ice  (U .S .D.A .  )

D i  rec to r :  A .B .  L in fo rd
P.0 .  Box  g7O
Bozeman, MT 5971 5

As pr imary  adv isory  personne l  in  the  f ie ld ,  SCS Dis t r i c t  Conserva t ion is ts
are  invar iab ly  we l l  acqua in ted  w i th  the  sa l ine  seep prob lem in  the i r
count ies.  Many are act ively encouraging contro l  and mi t igat ion procedures
among the i r  loca l  cons t i tuents .

STATE

Department of  Heal th and Environmental  Sciences

Water  Qual  i ty  Bureau
Board  o f  Hea l th  Bu i ld ing
Helena,  MT 59601

The Water  Qua l i t y  Bureau is  respons ib le  fo r  admin is te r ing  and en forc ing
the  s ta te 's  water  po l lu t ion  laws and regu la t ions .  Maxwel l  Bo tz ,  Jer ry
Ka ise r  (B i l l i ngs ) ,  and  Pe te r  Gormann a re  cu r ren t l y  invo lved  w i th  es tab ] i sh -
ment of  a water  qua' l  i ty  inventory network for  sal  ine seep.

Department of  L ivestock

Livestock Sani tary Board Diagnost ic  Laboratory
Bozeman, MT 597.| 5



t

Department of State Lands

Robert Duncan
Admin is t ra to r ,  S ta f f  Serv ices  D iv is ion
Capi  to l
Hel  ena,  l4T 59601

Bob Duncan and h is  techn ica l  coord ina tor ,  Les  Pederson,  a re  admin is te r ing
the state money appropr iated to f inance research on sal ine sgPP Ti t igat ion
and contro l  .  [ l r . '  buntan i  s  a l  so af f i  I  ia ted wi  th the Sal  i  ne-Al  kaf i
Advi sory Commi ttee.

Env i ronmenta l  Qua l  i t y  Counc i l

Loren Bahl s
Box 21 5,  Cap' i to1 Stat i  on
Hel ena, MT 5960' l

Dr .  Bah ls ,  a  long- t ime advocate  o f  eco log ica l  perspec t ive  in  sa l ine  lgep
inves t iga t ions ,  [as  been ch ie f  adv iser  fo r  the  cur ren t  WICHE in te rnsh ip
project ]  s tudying envi ronmental  impacts of  sal ine seep.

ff sh and Game Departm-ent

M' i tchel  1 Bui  1 d i  ng
Helena,  MT 59601

F' ish and Game personnel  around the state are beginning to watch for  sal ine
seep impacts on f ish and wi ld ' l  i fe .  Robert  Needum, Regional  F isher ies
Manager'  at Gl asgow, ' is impl ementing a water qual i  ty moni tori  ng system i n
h i  s  a rea .

M.ontana Bureau of Mi]res _and Geoloqy

Marv in  M i l  l e r
Montana Co l lege o f  Minera l  Sc ience and Techno logy
Butte,  MT 59701

Dr .  Mi l le r  in i t ia ted  and is  cont inu ing  research  in to  the  hydrogeo log ica l
mechan isms o f  sa l ine  seep.

Montana State Univers i ty  (Bozeman)

Hayden Ferguson
Plant  and Soi ' l  Science Department

James Kral I
Agr icul tura l  Exper iment  Stat ion

Char l  es Sm' i th
Cooperat ive Extension Serv ice

Dr.  Ferguson has been involved in research on the propert ies of  soi ls  af fected
by sal  i  ne seep.  Mr.  Kral  I  has assumed the responsi  b i ' l  i ty  of  headi  ng the
Department of  State Lands'  sal  ine seep research ef for t .
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I .

APPENDIX C: RECENT DEVELOPMENTS IN SALINE SEEP MONITORING AND CONTROL

Since the  in i t ia l  pub l i ca t ion  o f  th is  repor t  in  September  1974,
and endorsement of  i ts  recommendat ions by the Environmental  Qual i ty  Counci l
on December 6,  

. |974,  
a number of  s igni f icant  events have marked progress

jn  unders tand ing  and combat ' ing  sa l  ine  seep in  Montana.

For example,  new est imates of  acres damaged have been re leased by
the Department of State Lands for 1974:

County

St i  1 I  water
Chouteau
Fergus
Roosevel t
Sher i  dan
McCone
Cascade
TooIe
Dan i  e I  s
L i berty
Jud i th  Bas in
Ri  chl  and
Pondera
B l  a i  ne
Gl ac i  er
H i I I
Meagher
Madi  son
Teton
Ph i l  I  i ps
B ig  Horn
Musse l  she l  1
Va1 

'l 
ey

Fa l  1  on
Gol den Val I  ey
Rava l  I  i
Yel I  owstone
Lake'l^li 

baux
Pra i  r i  e
Carbon
Dawson
Lewis & Cl  ark
Custer

Acres Affected

23,000
I  7 ,400
1 3 ,B4B
I  2  ,500. |0 ,000 . |2 ,000
. |  
0,000
7 ,000
6 ,000
5 ,400
4 ,600
3 ,500. l ,900  

3 ,500
3 ,088
3 ,000
3 ,000

2 ,000  2 ,500
2 ,300
2 ,060
I ,600
I ,500
1 ,000

924
800
753
71 5
701
600
300
300
250
200
106
100
40

a

-9.l -

140,485  
. |44 ,585



These f igures were compiled by the department from estimates suppf ied
by County Comrnittees for Rural Development. When the state_total
a6ove is -compared w i th  the  to ta l  fo r  1973 f rom Tab le  I  (p .  l l ) . ,  i t  w9u1d
appear  a t  f i r s t  g lance tha t  the  prob lem has  s tab i l i zed '  oF indeed,  tha t
the s ' i tuat ion hai  even improvedi  However,  the a lmost  l0 '000-acre decl  ine
in dannged lands f rom 1973 to 1974 more 

' l  
ike ly  ref lects a d i f ferent  and

more reFtned method of  census rather  than an hctual  improvement (6) .
Prev ious  es t imates  in  some count ' ies  were  undu ly  h igh ,  €spec ia l l y  fo r
St i l lwater  County.  In 1974,  however,  over 6,500 acfes of  damage were
reported in counties where none had been reported before.

The I975 Leg is la tu re  passed- -and the  Governor  s igned;1Hou9e-B!11- -
33: ',AN AcT ESTAELISHING A SALINE SEEP CONTROL PROGRAM !'IITHIN THE DEPARTMENT
0F STATE LANDS; pR0VIDING EFFECTIVE AND TERMINATIoN DATES."  The al t  g ives
leg js la t i ve  d i rec t ion  to  the  broad research  and educat ion .program in i t ia ted
by-the Department of  State Lands under a $20S,6q9_appropr i .at ion f rom,the
lhq  Leg i i la tu re  (5 ) .  The cont inu ing  program q l l  be  funded in  the  amount
of  $220i lOg for  FY 1976 and $2gS,794-for  FY 1977.  The act  wi l l  terminate
on July 1,  1977 r  Feinforc ing the expressed intent ion of  the Department
of  Sta ie Lands io eventua' l ly  "get  out  of  the sal jne seep contro l  business
and tu rn  i t  over  to  the  fa rmer i "  (8 ) .  A lso  inc luded in  the  ac t  a re
gu ide l ines  fo r  the  Governor 's  appo in tment  o f  an  adv isory  counc i l  to  ass is t
l f re  Depar tment  in  the  d ischarge o f  i t s  respons ' ib i l i t i es  under  the  ac t .

A  second sa l ine  seep b ' i l l - -House B i l l  66- -wou ld  have added a  new
subsection to Sec. 84-202, R.C.M. ,  1947, to exempt from taxation
;g i i iu j tu ra l  lands  advers i l y  a f fe i ted  by  sa l ine  seep.  The b i l l  was  k i l led
in the House Taxat ion Commit tee.

In  add i t ion  to  the  sa l ine  seep research  program es tab l i shed by  the
Montana leg is la tu re ,  another  $22A,000 has  been a l loca ted  by  the  01d West
Req iona l  C6mmiss ion  fo r  var ious  pro jec ts  re la ted  to  sa l ine  seep.  0 f  th is
arn6unt ,  $ ' l  00 ,000 ' i s  fo r  sa l ine  seep water  qua l i t y  mon i to r ing  in_Montana
by the Bureau of  M' ines and Geology and by the Department_of  Hea:hth and
Ei rv i ronmenta l  Sc iences .  A lso  inc luded in  the  0 ld  West  a l loca t ion  is  a
grant of $60,000 to South Dakota State University for_pre-emergence
detec t ion  o f  sa l ine  seeps  us ing  aer ia l  photography .  F l igh ts  w i l l  be
made over  two major  Mon iana sa l ine  seep area i :  the  Ha i ls tone Bas in
between Rapel je and Broadview and the Highwood Bench northeast  of  Great
Fa l l s  ( l ) .

S ign i f i can t  advances  are  a lso  be ing  made in  the  area  q I  c ropp ing .
research-to contro l  saf ine seep.  Al fa l fa has proven more ef fect ive and
less  cos t ly  than e i ther  d ra in ' ing  or  pumping  in  lower ing  perched water
tables and i ts  use would solve iather  than create water  pol lut ion problems
(2) .  An econornist  at  Montana State Un' ivers i ty  is  in  the prel iminary stages
of 'designing a prototype cropping and market ing system for  smalJ acreages
of alfal-fa 6rown to r lbulate seefi  recharge in i tre Fort Benton area (Z).
S tud ' ies  on  ta l l  wheatg iass  bamiers ,  func t ion ing  as  snow fences  in  d is -
t r ibu t ing  mois tu re  even ly  across  a  f ie ld ,  a re  p ryT is ing  grea ter  success
at  cont inuous  c ropp ing  in  nor theas tern  Montana (9 ) .
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Prospects for  federal  f inancia l  assistance to farmers a lso appear
somewhat  b r igh ter  a t  th is  s tage.  Spec i f i ca t ions  fo r  cos t -shar ing
revegetat ion of  seep areas are now being developed by the state 4gt i -
cu l t i ra l  S tab i l i za t ion  and Conserva t ion  Serv ice  o f f i ce  as  a  spec ia l
p rac t ice  op t ion  ava i lab le  to  count ies  under  the  Rura l  Env i ronmenta l
bonservat ion Program (10).  And the Federal  Crop Insurance Corporat ion
is  comple t lng  a  iepor t  on  the  adv isab i l i t y  o f  con t inuous  c ropp ing
wheat  ind bai ley ih Montana for  purposes of  sa ' l ine seep contro l .  An
insurance program fo r  Montana,  i f  i t  i s  imp lemented,  wou ld  on ly  be  lg t
cer ta in  t t in t teO areas  where  re -c ropp ing  is  a  v iab le  de tement  to  sa l ine
seep and would probably not  be ef fbt t l ie  pr ior  to the 1977 crop year (3) .

The ou t look  fo r  sa l ine  seep cont ro l  i s  no t  en t i re ly  p romis ing ' .
however.  The "spr ing" of  1975 has been one of  the wet test  on record
for  several  areai  of  Montana.  F looding has been reported a long the
Judi th and Poplar  Rjvers,  which drain areas a l ready severe ' ly  af fected
by  sa l ine  seeb.  Satura ted  so i l s  and r i s ing  groundwater  leve ls  in  these
a leas  wou ld  resu l t  in  s ign i f i can t  se tbacks- to  p rogress  a l ready  maqg i l ,
contro l  1 i  ng Montana agr i  iu l  ture '  s  most  ser i  ous po]  1 ut i  on probl  em (4 '  6)  .

Lo ren  L .  Bah ls
May  l ,  

. | 975

Montana Environmental  Qual i ty  Counci l
Hel  ena
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