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21 R. G. Spomer, R. F. P i e s t ,  R. L. Poggensee, and J. A. B r o p h r  
Member 

Catastrophic rains to^ occur every year somewhere within the 
continental  United States .  These events, as ide  from creat ing serious 
short-term damages on-site and downstream, play a major r o l e  i n  the 
continuous reshaping of the landscape; chey can e f f ec t  a tremendous re- 
d i s t r i bu t i on  of s o i l ,  extend ehaands  and f o w  new ones, and even 
i n i t i a t e  n e w  e r o s o n  patterns. The a reas  affected may be only a few 
s w r e  kilometers and the  r a i n f a l l ,  runoff, and other hydrologic forces  
a r e  seldom recorded o r  measured. Therefore, the severe rainstorm and 
subsequent runoff and gully erosion near Fargo, North Dab t a ,  in 1975, 
which were recorded and measured, a r e  of spec ia l  i n t e r e s t  t o  s c i en t i s t s .  
Although channels existed prior  to  European settlement of the region i n  
the l a t e  19th century, the 52-cm r a i n f a l l  which occurred June 28 to 30 
extended ex is t ing  channels and carved new ones through both cul t ivated 
f i e l d s  and v i rg in  grasslands. From a s ing le  1300-hectare drainage basin 
neer Leonard, a 1070-meter-long branching gully excavated 174,000 m3 of 
wil. Pliaety-nine percent of sail eroded from the gully w a s  deposited 
within 2 lrrs of the gul ly ou t le t .  

Many researchers e r e  concerned about the erosive influence tha t  
severe rainstorms exert  on the landscape. They of ten  cause excessive 
sheet  and gully erosion r a t e s  (including widespread dissect ion and 
denudation of upland f ie lds )  and troublesome s e d h e n t  deposi ts  a t  
dowastrear~ locations. These destruct ive events and the resu l tan t  erosion 
pat terns must be undersrood to be t te r  cope with them. The severe storms 
of June 28 through July 2, 1975, i n  the Red River Valley of North 
Dakota provided an opportunity for  neasuring and evaluating landscape 
evolutionary processes. 

Costa (1974). reporting an t rop ica l  storm Agnes, noced t ha t  l a rge  
floods caused slope f a i l u r e s  i n  the Blue Ridge and Appalachian Plateau 
provinces and thus were ac t i ve  modifiers of topography. Conversely, he 
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s t a t e d  t h a t  the l a r g e  floods i n  the Piedmont during t h i s  storm played a 
minor r o l e  i n  shaping the landscape, because only a few slope f a i l u r e s  
occurred. These were i n  lowlands along main channels where channel 
width increased 20 to 160 percent. Fisher e t  a l .  (1966) reported t h a t  
most sediment i n  the Eel River i s  transported by flood flows during a 
small percentage of the*time--80 percent of sediment i n  about 4 percent 
of the time. Brown and R i t t e r  (1971) reported tha t  180 tonnes per 
hectare  ( t fha)  o r  80 English tonslacre ( t / a )  from the 8,030-km2 (3,100- 
mi2) drainage a rea  of the Eel River was transported past  t h e i r  gaging 
s i t e  i n  30 days i n  December 1964. At Treynor, Iowa, Spomer e t  a l .  
(1971) reported t h a t  heavy r a i n f a l l  i n  June 1967 eroded 1,270 tonnes 
(1,400 tons) of s o i l  from each of the two g u l l i e s  tha t  d ra in  30- to  33- 
ha (75- t o  83-a) a g r i c u l t u r a l  watersheds i n  western Iowa. S o i l  l o s t  
through s h e e t - r i l l  erosion from these watersheds was an addi t iona l  168- 
224 t /ha (75-100 t l a ) .  

Ra infa l l  i n  the  Red River Valley of North Dakota from June 28 
through Ju ly  2 produced unusual flooding and erosion i n  an area where 
land s lopes a r e  0 t o  2 percent. Flooding on the Red River of the  North 
is common when spring r a i n s  and snowmelt combine to produce la rge  runoff 
r a t e s  over frozen ground, but a So i l  Conservation Service Report (1975) 
s t a t e d  t h a t  flooding from summer thunderstorms over a l a r g e  drainage 
a rea  such a s  t h e  Red River of t h e  North is  unusual. 

Erosion was widespread i n  two areas of excessive r a i n f a l l  near 
Fargo, North Dakota. The r e s u l t  was severe gully erosion i n  an a rea  
southwest of Fargo adjacent t o  the  Sheyenne River, a t r ibu ta ry  of the 
Red River. To understand how and why gully erosion was severe, i t  i s  
necessary t o  examine the  geology, s o i l s ,  and topography of t h i s  area. 

GEOLOGY AND SOILS 

The c e n t r a l  p a r t  of the Red River drainage system occupies a 
broad, gent ly sloping, low-relief basin o r ig ina l ly  formed by an immense 
la te -g lac ia l  freshwater body, Lake Agassiz. During the ear ly h i s t o r y  of 
the  lake, the  Sheyenne River, a major western t r ibu ta ry ,  deposited 
de l ta ic - lacus t r ine  sediments over about 1,950 lan2 (750 mi2) of the  basin 
(Figure 1 ) .  The geology of t h i s  a rea ,  generally ca l led  the  Sheyenne 
Delta, has been discussed i n  d e t a i l  elsewhere (Upham, 1895; Leveret t ,  
1932; Brophy, 1966; and Baker, 1967) and w i l l  only be summarized here. 

The Sheyenne Delta a s  o r ig ina l ly  formed about 13,000 B.P. was a 
fan-shaped, low-relief landform with a low gradient  from west t o  eas t .  
The sediments of the  d e l t a  range i n  thickness from about a meter (3 f t )  
a t  the  west t o  about 46 m (150 f t )  a t  the  eastern margin. The t e x t u r a l  
d i s t r i b u t i o n  of these sediments i s  ra ther  complex, with sands and 
gravels  i n  the  west grading eastward i n t o  laminated deposi ts  of very 
f i n e  sand, silt, and clay. 

After  t h e  i n i t i a l  formation of the de l ta ,  the l e v e l  of Lake Agassiz 
dropped from its ear ly  elevat ion of 326 m (1,070 f t )  MSL t o  the  Campbell 
Stage--about 300 m (990 f t ) .  Wave a t tack  a t  t h i s  s tage  created a 
northeast-facing escarpment, par t  of which is shown i n  Figure 2 (labeled 
shorel ine of Lake Agassiz). Also during t h i s  and l a t e r  s tages ,  the  
Sheyenne River, responding t o  the  lowered lake leve l ,  extended its 
course across  the  d e l t a  and entrenched i t s e l f  to  i t s  present l e v e l  
about 30 m (100 f t )  below the  d e l t a  surface. 
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Figure 1 .  Location of Sheyenne Delta, present course of Sheyenne River 
and shoreline of prehistoric Lake Agassiz. 
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S o i l s  of the  d e l t a  range from those with l i t t l e  o r  no p r o f i l e  
development on recent ly deposited eo l ian  sand to more mature types 
developed on long-stabilized eol ian sand or  on the de l ta ic - lacus t r ine  
beds. Most a r e  c l a s s i f i e d  a s  Haploborolls and a r e  of the following s o i l  
se r ies :  Embden, Glyndon, Egeland, Hecla, Hamar, Ulen, and Maddock 
(Omodt e t  a l . ,  1966). S o i l  surface textures  a r e  sands, loamy sands, 
sandy loams, and loams. 

The na tura l  drainage of the d e l t a  upland was poor before the a rea  
was s e t t l e d  and farmed. It consisted of a few shor t  t r i b u t a r i e s  to the 
Sheyenne and Maple Rivers and some ra ther  widely spaced shallow g u l l i e s  
d i ssec t ing  the escarpment. This i n i t i a l  drainage pa t te rn  has been 
modified by construction of many sect ion-l ine roads flanked by drainage 
ditches. I n  addi t ion,  intensive cropping of wheat, barley, oa t s ,  corn, 
soybeans, a l f a l f a ,  and sunflowers has l ed  to  construction of many f i e l d  
drains  emptying in to  the  road di tches.  

Considering the nature of the drainage ne t ,  the existence of a high 
water table ,  the  presence of s teep slopes i n  the high dunes along the 
Sheyenne trench and along the escarpment, and the  presence of e a s i l y  
erodible  surface sediments, one could expect occasional episodes of 
severe erosion. One such event occurred i n  the ea r ly  summer of 1975. 

RAINEALL AND RUNOFF 

Between June 28 and July 2, 1975, a s e r i e s  of intense thunderstorms 
occurred i n  a band from southeastern North Dakota to  northwestern 
Minnesota. Two areas  of heavy r a i n f a l l  were defined by a "bucket" 
Burvey conducted by the National Oceanic and Atmospheric Administration, 
Bureau of Reclamation, Corps of Engineers, and the Minnesota S t a t e  
Office of Climatology. I n  the f i r s t  area,  near Leonard, North Dakota, 
r a i n f a l l  was an estimated 52.3 cm (20.6 in . )  from June 28 to 30; 3.2 km 
(2 m i )  north of Leonard, a 14-cm (5.5-in.) gage over f i l l ed  twice during 
these th ree  days (see Figure 3) .  I n  the second area,  northeast of Fargo 
i n  the Felton, Minnesota, area,  25 to  36 cm (10 to  14 in.) of r a i n  f e l l  
during t h e  same period. The heavier r a i n f a l l  sh i f ted  t o  northwestern 
Minnesota on Ju ly  1 and 2. 

Showers over the a rea  on June 26 provided wet antecedent so i l -  
moisture conditions before the heavy thunderstorms began on June 28. A s  
the heavy r a i n s  continued, excess water was concentrated on the Sheyenne 
Delta. Field drains  constructed on the  d e l t a  i n  recent years 
accelerated the process. Excess water concentrated i n  borrow areas 
(road di tches)  and waterways a s  i t  moved toward the de l ta  escarpment 
o r  to t r i b u t a r i e s  of the Maple and Sheyenne Rivers, which a r e  the major 
drainageways f o r  the d e l t a  area. These r i v e r s  flow i n  sharply incised,  
p reh is to r ic  val leys with s t a b l e  val ley walls  and a dense grass  cover. 

Lindskov (1975) reported the flood s tages and water discharges fo r  
these two r ivers .  The 1975 flood leve l s  exceeded the maximum 
previously recorded a t  18 of 47 s i t e s  with 10 years o r  more of records. 
Flood duration was long; the Red River was above flood s tage for  about 
10 days a t  Fargo, Halstad, and Grand Forks, North Dakota. Hendrickson 
(1975) reported t h a t  the Red River and t r i b u t a r i e s  were flowing 8 to 13 
km (5 to  8 mi) wide. On the Sheyenne River a t  West Fargo, North 
Dakota, where flood s tage  is 5 m (16.5 f t ) ,  a record flood c r e s t  of 
6.8 rn (22.2 f t )  was observed on Ju ly  5; no discharge was given. The 
July 3 discharge a t  t h i s  s i t e  was 80.7 m 3 / s  (2,850 c fs )  a t  a s tage of 
6.6 m (21.8 f t ) .  Flooding was noted throughout ~ h o  Sheyonno Uvor 
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Valley, where roads  and b r idges  were washed out .  Flood s t a g e  on t h e  
Sheyenne River a t  Kindred, North Dakota, is 4.9 m (16.0 f t ) ,  and on 
J u l y  6,  a peak d i scha rge  of 133 m 3 / s  (4,700 c f s )  and a 6.6-m (21.7-ft) 
f lood  s t a g e  were recorded. A record f lood c r e s t  of 4.6 m (15.0 f t ) ,  
1.5 m ( 5  f t )  above f lood  s t age ,  was recorded on t h e  Maple River near 
Mapleton, North Dakota, on  J u l y  2. The peak discharge was 329 m 3 / s  

I' 
(11,600 c f s )  wi th  a recurrence i n t e r v a l  of 50 years .  On the  Red River 
a t  Hals tad,  Minnesota, t h i s  record f lood c r e s t  was 4.5 m (14.6 f t )  above 
t h e  7.3-m (24.0-ft) f lood s t age ,  and a discharge of 1,160 m 3 / s  

1 ' (41,000 c f s )  was observed on J u l y  10. The expected r e t u r n  period f o r  
I t h i s  f lood is 40 yea r s .  

CHANNEL EROSION 

Erosion a s s o c i a t e d  wi th  runoff is usua l ly  of minor concern to  S o i l  
Conservation Se rv ice  personnel i n  the  Red River Valley of the  North 
because most runoff  occurs  from snowmelt and sp r ing  r a i n s  whi le  t h e  
ground is frozen.  But t h i s  sununer ra ins torm revealed t h a t  an  e ros ion  
hazard does e x i s t  and t h a t  damage to  f i e l d s ,  roads,  and br idges  can be 
severe .  

The Sheyenne and Maple Rivers  have p a r t i a l l y  developed drainage 
channels  t h a t  t e rmina te  ab rup t ly  wi thin  1 mile  of the  r i v e r s  throughout 
the  d e l t a .  These o l d  channels probably developed before  t h e  a r e a  was 
s e t t l e d  and may p reda te  t h e  Indians .  Rel ief  changed sharply  a t  t h e i r  
upstream terminus, and t h i s  change i n  r e l i e f  provided the  s e t t i n g  f o r  
renewed e ros ion  dur ing t h e  heavy storms i n  1975. I n  add i t ion ,  the  
northwest t o  sou theas t  g rad ien t  along the  edge of t h e  d e l t a  to  t h e  

I 
bottom of  p r e h i s t o r i c  Lake Agassiz is 3 to 4 percent a t  some loca t ions .  
It was a t  these  l o c a t i o n s  t h a t  channel e ros ion  was i n i t i a t e d  dur ing the  
1975 storms. Based on t h e  s tudy of eyewitness accounts,  i n spec t ion  of 
t h e s e  r a p i d  "washouts," and knowledge of t h e  geology. t h e  au thors  
conclude t h a t  t h e  e ros ion  sequence was: (1) concentra t ion of su r face  
runoff a long road d i t c h e s  and n a t u r a l  drainageways, (2) i n c i s i o n  a t  
p o i n t s  of h igh g rad ien t ,  wi th  c u t t i n g  of a knickpoint i n t o  t h e  
s a t u r a t e d  f i n e  sand below t h e  water t ab le ,  (3) upslope migrat ion of the  
knickpoint  a s  t h e  consol idated upper s o i l  p r o f i l e  was undercut by a 
combination of groundwater outflow and plunge pool a c t i o n  of water 
flowing over  t h e  knickpoint ,  (4) development of l a t e r a l s  wi th  advancing 
knickpoints  ( t h e s e  o f t e n  developed p a r a l l e l  t o  corn rows), and (5) 
seepage Flow from v e r t i c a l  banks of new g u l l i e s ,  which r e s u l t e d  i n  
undercut t ing and slumping of channel walls.  

Well d a t a  show t h a t  very f i n e  sand depos i t s ,  5 m (16 f t )  t h i ck ,  a r e  
loca ted  a t  t h e  Leonard, North Dakota, gu l ly  s i t e  (Figure 4 ) ,  and r e s t  
on c l a y - s i l t  depos i t s .  Th i s  is  s i g n i f i c a n t  f o r  two reasons: (1) the  
c l a y - s i l t  u n i t  provided a r e s i s t a n t  l aye r  t h a t  l imi ted  downward erosion,  
and (2) t h e  water t a b l e  probably was perched on the  c l a y - s i l t  u n i t ,  
which i n h i b i t e d  downward i n f i l t r a t i o n .  Also, the  heavy r a i n s  coupled 
wi th  slow i n f i l t r a t i o n  below the  E m  (16 f t )  depth contr ibuted to  the  
r ap id  s a t u r a t i o n  of t h e  sand, thus r a i s i n g  t h e  water t a b l e  to  t h e  
su r face ,  and causing t h e  high r a t e  of runoff.  

The l a r g e s t  channel,  approximately 5.2 m (17 f t )  deep, 30 m 
(100 f t )  wide, and 1,067 m (3,500 I t )  long, developed i n  Cass County, 
2.4 km (1.5 mi) northwest of Leonard (Figure 2).  The drainage a r e a  
f o r  t h i s  g u l l y  was 1 3  km2 (5  mi2). I n i t i a l  c u t t i n g  of t h e  g u l l y  began 
at  the edge of  the dclta (see Fiyre 2) near a T county road 
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in te r sec t ion .  A small 0.8-m (2.5-ft) corrugated cu lver t  under the 
in te rsec t ion  was inadequate fo r  flood flow. According to Kent Roesler,  
who owns and farms t h i s  land, the 5.3-ha (13-a) gul ly developed i n  36 
hours with a rapidly advancing over fa l l .  Using low-altitude a e r i a l  
photographs taken a t  366 m (1,200 f t )  and photogrammetric techniques to  
compile topographic maps (Figure 4 ) ,  we determined tha t  the volume 
voided by the main gul ly and principal  l a t e r a l  g u l l i e s  was 174,000 m3 
(228,000 yd3). The f igure  a l s o  shows a representat ive cross sec t ion  
of the  gul ly.  Gradient of gul ly bottom was 0.005, which is much steeper  
than the 0.5-m/h (2.5-ftfmi) (0.0005) grade tha t  the  So i l  Conservation 
Service considers a s  s t a b l e  fo r  channels i n  t h i s  s o i l .  There is a 
th rea t  of fu r ther  erosion u n t i l  the channel can be s tab i l i zed .  

Another l a rge  incised channel developed i n  Richland Count about 
I 1  h (7 mi) southwest of Kindred, (Figure 3).  It had an 8-km5 (3-mi2) 
drainage area. I n i t i a l  incisement was a t  the head of an old,  s t a b l e  
channel, a s tub  t r ibu ta ry  to  the Sheyenne River, and the gul ly advanced 
through a f i e l d  p a r a l l e l  t o  a road. The gul ly destroyed cropland and 
p a r t s  of the road and removed an estimated 76,000 m3 (100,000 yd3) of 
s o i l .  A second a c t i v e  gu l ly  was i n i t i a t e d  downstream i n  t h i s  previously 
s t a b l e  t r ibutary.  A 2-m (7-Lt) o v e r f a l l  advanced upstream to within 70 
m (200 f t )  of the o r i g i n a l  channel head. 

Another l a r g e  gul ly developed i n  the U.S. Forest Service grassland 
reserve i n  northeastern Ransom County. The s o i l  a t  t h i s  loca t ion  is 
c l a s s i f i e d  a s  a member of the Serden s e r i e s  (mixed, f r i g i d  Typic 
Udipsamments). It has a combined s i l t  and clay content of l e s s  than 
10 percent. This gu l ly  is about 300 m (1,000 f t )  long, 3 to  6 m (10 
to 20 f t )  deep, and 25 m (75 f t )  wide. It developed between ex is t ing  
sand dunes i n  the area,  and i t  o u t l e t s  in to  an old channel. 

The S o i l  Conservation Service has located 12 major incised channels 
(or g u l l i e s )  and numerous smaller g u l l i e s  i n  the eroded areas .  Numerous 
g u l l i e s  a l s o  developed p a r a l l e l  to  roads. Formation of the g u l l i e s  
caused considerable damage t o  f i e l d s ,  crops, and roads. 

SEDIMENT DEPOSITION 

S o i l  eroded from the many newly formed g u l l i e s  was deposited almost 
immediately downslope because of the r e l a t i v e l y  l e v e l  topography and the 
l a c k  of a well-defined drainage network. Many open-surface drains  con- 
s t ruc ted  by the  S o i l  Conservation Service to drain a g r i c u l t u r a l  land 
were' f i l l e d  with sediment a f t e r  t h i s  storm event. 

Figure 5 shows a deposition a rea  downstream of the Leonard gully. 
Measurements a t  severa l  locat ions 1.6 lan (1 mi) downstream from the 
gu l ly  showed tha t  the maximum sediment depth was 1.2 m (4 I t ) .  
Figure 6 shows representat ive cross sect ions of the deposi ts  i n  the  
three d i s t i n c t  deposition areas. The depth of sediment deposi ts  was 
determined by coring on a 60-m (200-ft) gr id.  The surface configuration 
of the deposi ts  and cross  sec t ion  end points were determined from 
contour maps. Aerial  photos show tha t  deposi ts  from the July storms 
covered more than 28 ha (70 a )  i n  th ree  c l e a r l y  defined areas. The 
measured volume of these deposi ts  was 173,000 m3 (226,000 yd3). 
Therefore, the sediment delivered to the Maple River several  miles 
downstream probably is l e s s  than 1 percent of the 174,000 m3 (228,000 
yd3) eroded. 
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Flgure 5--Topographic map of Ilorth Deposition Area. th i rd  o f  three. sol1 deposited 
was eroded frm the l l y  m a r  Leonard. North Dakota. North Boundary i s  
1.6 t i l n e t c n  (1 mi'% f rc .  gully origin.  
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Where g u l l i e s  developed by extending old  t r i b u t a r i e s ,  t h e  sediment 
was c a r r i e d  i n t o  t h e  Sheyenne o r  Maple r i v e r s  and deposi ted  downstream. 
A v i s u a l  check a t  t h e  confluence of t h e  Maple and t h e  Sheyenne r i v e r s  
and a t  t h e  conf luence of t h e  Sheyenne and t h e  Red r i v e r s  revealed 
l i t t l e  sediment depos i t ion  on t h e  ad jo in ing  flooded farmland o r  i n  t h e  
r i v e r  channels.  This  would i n d i c a t e  t h a t  most of t h e  sediment from 
these  sandy s o i l s  was deposi ted  between its o r i g i n  on t h e  d e l t a  and 
Fargo. 

DISCUSSION 

Gaps of  knowledge i n  sedimenta t ion processes  a r e  of i n t e r e s t  t o  
engineers ,  geo log i s t s ,  and f l u v i a l  morphologists.  These inc lude  (1) t h e  
r o l e  of t h e  seve re  storm i n  changing t h e  landscape and t h e  e n t i r e  
dra inage system; (2) t h e  q u a n t i t i e s  of sediment t h a t  s eve re  storms erode 
and t r a n s p o r t  a s  compared wi th  the  usual  storms; (3) t h e  extreme f o r c e s  
a c t i n g  because of  increased boundary shea r ,  h igh v e l o c i t i e s ,  seepage 
pressures ,  and e ros iona l  s t r e s s e s  on s o i l  t h a t  cannot o the rwise  be  
observed o r  measured; and (4) increased conveyance by added channel i -  
za t ion ,  which can r a i s e  t h e  "eros ion l eve l "  of t h e  region--af ter  a 
s eve re  storm, more sediment can move through s t ream systems than before  
i f  no remedial a c t i o n  i s  taken. 

We determined t h e  volume voided by t h e  Leonard g u l l y  and surveyed 
t h e  sediment depos i t s .  The r e s u l t a n t  sediment d e l i v e r y  was 99 percent .  
The Maple River d r a i n s  t h e  a rea  where t h e  g u l l y  formed bu t  is  8 km (5 
mi) from t h e  depos i t ion  area .  Mapleton is  another  1 8  km (11 m i )  down- 
stream, where Lindskov (1975) r epor t ed  a peak d a i l y  sediment d i scha rge  
of 3,420 tonnes  wi th  a concentra t ion of 120 mg/l (ppm) on J u l y  3. Open 
s u r f a c e  d r a i n s  had been const ructed t o  d r a i n  excess  runoff  i n t o  the  
Maple River from upstream, where no def ined waterways p rev ious ly  ex i s t ed .  
The low-velocity flows i n  these  open d r a i n s  would permit a d d i t i o n a l  
depos i t ion ,  bu t  i t  i s  d i f f i c u l t  t o  measure o r  observe  a l l  of  t h i s  
deposi t ion.  The only  o t h e r  sediment d a t a  a v a i l a b l e  was r e p o r t e d  by 
Lindskov f o r  J u l y  3 on t h e  Sheyenne River nea r  Kindred. Sediment 
concen t ra t ion  was 822 mg/l  (ppm) and sediment d ischarge  was 8,470 tonnes 
and sediment concentra t ion on t h e  Red River of t he  North a t  Fargo on 
J u l y  3 was 141 m g / l  (ppm) and discharge  was 4,330 tonnes. At Kindred, 
t h e  Sheyenne River  emerges from t h e  d e l t a  a r e a  and e n t e r s  t h e  l e v e l  
bottom a r e a  of g l a c i a l  Lake Agassiz. These low sediment concen t ra t ions  
and d i scha rges  i n d i c a t e  t h a t  most of t h e  s o i l  eroded from t h e  d e l t a  
a rea  was deposi ted  be fo re  i t  reached t h e  r i v e r  sampling sites. This  
would be  expected, s i n c e  t h e  h igh sand por t ion  of t h e  s o i l  would no t  be 
t r anspor t ed  i n  s t reams wi th  low g r a d i e n t s  and low v e l o c i t i e s .  The 
higher  sediment concentra t ion and discharge  of the  Sheyenne River a t  
Kindred would be  expected, because t h i s  sampling s i t e  is  c l o s e  t o  an 
a r e a  of excess ive  g u l l y  eros ion.  Our conclus ion is  t h a t  sediment d i s -  
charge i n  t h e  main r i v e r s  i n  t h e  a r e a  was sma l l  a s  compared wi th  t h e  
excess ive  g u l l y  e ros ion  on t h e  upland. 

The S o i l  Conservation Se rv ice  is s tudying t h e  s o i l s ,  dra inage,  and 
water t a b l e  t o  determine what s t r u c t u r e s  w i l l  s t a b i l i z e  t h e  new g u l l i e s .  
The extremely sandy s o i l  and high water t a b l e  make s t a b i l i z a t i o n  
d i f f i c u l t .  A more d i f f i c u l t  ques t ion  is what measures can prevent  o r  
reduce g u l l y  formation dur ing f u t u r e  seve re  storms. Returning t h e  
d e l t a  a r e a  t o  g r a s s  would not  be  accep tab le  t o  farmers  i n  t h e  a r e a ,  
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nor a r e  farmers l i k e l y  t o  accept some form of runoff-retarding 
s tructures ,  f o r  example, terraces,  where land s lopes a r e  0 to 2 
percent. Shallow drainageways constructed by the farmers a r e  desirable  
for u t i l i z i n g  farmland, but draining low areas  to increase farmland 
probably should be supervised to avoid concentrating runoff i n  areas  
where the gul ly erosion hazard is high. Maintaining grassland along 
the d e l t a  escarpment should help to  reduce gul ly erosion. Excess 
runoff should be transported from the upland in to  surface drains  of 
increased capacity. Larger road culverts ,  grassed waterways o r  conduits,  
and concrete chutes o r  drop s t ruc tures  a t  s i t e s  with l a rge  r e l i e f  a l so  
may be necessary. Roads a l s o  tend to concentrate flow, so the i r  
influence on runoff pa t te rns  should be considered. 

I n  re t rospec t ,  we noted tha t  two of the three g u l l i e s  studied a r e  
extensions of an ex is t ing  drainageway. The prestorm channels seemed 
s t a b l e  with g rass  cover, but some of them developed an incised, raw 
channel with an advancing headcut. The topography is s t i l l  dynamic, and 
periods of excessive r a i n f a l l  can cause erosion and dramatic topographic 
modifications. 
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