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Improved Techniques f o r  Control of Gullying 

Robert F. P i e s t ,  M. 
and Ralph G. Spome? 

ABSTRACT 

Gullying has  o f t e n  been c y c l i c  through geologicxime,  bu t  the  present  
acce le ra ted  a c t i v i t y  i s  symptomatic of environmental changes wrought by 
man. Gullying r a t e s  f o r  s e v e r a l  problem a r e a s  of the  mid-Missouri River 
Basin have been monitored and a r e  c i t e d .  Four c h a r a c t e r i s t i c  types of 
g u l l i e s  a r e  i d e n t i f i e d  and some s i t e - s p e c i f i c  t reatments  a r e  
recommended. 

INTRODUCTION 

Regions wi th  deep s o i l s  and unconsolidated s u b s t r a t a ,  including much 
Of t h e  Midwest, have been pe r iod ica l ly  d i s sec ted  throughout geologic 
time. Br ice  (3) has  t raced these  episodes of v a l l e y  incisement and 
subsequent channel f i l l i n g  dur ing t h e  p a s t  12,000 yea r s  i n  the  loess-  
mantled t e r r a i n  of Medicine Creek Basin, southwestern Nebraska. 
Daniels  and Jordan (5) have s i m i l a r l y  reviewed t h e  f l u v i a l  morphology 
of s e v e r a l  western Iowa drainage basins .  S tud ies  such a s  these  have 
con t r ibu ted  t o  t h e  sum of academic knowledge of geomorphic processes.  
But they t ake  on added import because of  t h e  acce le ra ted  downcutting 
(gul lying)  of  upland drainageways dur ing t h e  p a s t  century. 

No s i n g l e  f e a t u r e  d i s t ingu i shes  a gu l ly  from another  dra inage channel. 
Some d e f i n i t i o n s  p resc r ibe  l i m i t s  t o  g u l l y  s i z e  and con t r ibu t ing  
drainage area .  For our  purpose, t h e  e s s e n t i a l  f e a t u r e  of a gu l ly  i s  
a n  i n c i s i o n  i n  t h e  drainageway of  a small  v a l l e y  o r  a long t h e  perimeter 
of  a n  ad jacen t  upland f i e l d .  Four types  of gu l ly ing  problems t h a t  we 
a r e  address ing a r e  i l l u s t r a t e d  i n  Figures 1-4. Aside from the  d i f f e r -  
ences apparent  from an inspec t ion  of t h e  f igures ,  t h e  s t a b i l i t y  of the 
Iowa g u l l i e s  i s  usua l ly  aggravated by perennial  seepage from t h e  banks. 

The au thors  wish t o  b r i e f l y  examine some of t h e  causes of r ecen t  gul ly  
formation and channel downcutting, t o  quan t i fy  t h e  problem f o r  repre- 
s e n t a t i v e  drainage a reas ,  and t o  propose techniques t h a t  may b e t t e r  
f i t  t he  p ress ing  need f o r  more cos t -e f fec t ive  e ros ion  con t ro l s .  

11 Hyiraul ic  Engineer, U.S. Dept. Agric. ,  Science and Education - 
Administration, Columbia, Missouri.  

21 Deoutv Director .  Div. of Agric. Eng., P r e t o r i a ,  South Africa.  - 
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Figure 1.--Valley-bottom gully draining 80-acre cornfield, 
Po ttawattamie County, Iowa 

Figure 2.-Actfve erosion scarp causing channel degradation 
and enlargement, Keg Creek, Iowa 
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Figure  3.--Gully headcutting, Dry Creek, NE, where t h e  val ley-  
head g u l l i e s  encroach onto nea r ly - f l a t  upland f i e l d  

Figure  4. -Valley-bottom g u l l y  and headcut, Dry Creek, a 
(drain* 6 sq. m i . )  
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CHARACTERISTIC GUI 

s t t a w a t  tamie County, Iowa 

SEA Watersheds 0.30-0.61 km2 
S l d s  i n  t h e  l o e s s  h i l l s  r e g  
grass  waterways which quickly  
about 18  m (60 f t . )  wide and 
The most e r o d i b l e  o f  t h e  f o ~  
CQrnfield with average 9 perc, 
f i e l d s  t h a t  a r e  cont inuously  I 

merits except contour p lan t ing  
erosion from both t h e  co rn f i e l  



i he val ley-  
land f i e l d  

CONTROL OF GULLYING 

CAUSES OF MODERN DOWNCUTTING 

Runoff i s  a necessary, but not  always s u f f i c i e n t ,  cause f o r  t h e  
massive scouring of upland channels. I n  f a c t ,  g u l l y  e ros ion  i s  
e s s e n t i a l l y  a supply-dependent process (10). Shearing fo rces  of 
flowing water a c t  t o  scour a channel a t  some base r a t e  t h a t  depends 
upon e r o d i b i l i t y  c h a r a c t e r i s t i c s  a t  the  flow boundary. I n  l o c a l i t i e s  
wi th  t h e  most s e r i o u s  gu l ly ing  problems, however, t h e  r a t e  of inc i se -  
ment i s  o f t e n  influenced as much by downstream base l e v e l s  a s  by the  
water conveyed. 

I n  t h e  process of thalweg adjustment t o  lower base l e v e l s ,  a much higher 
e ros ion  rate can b e  t r iggered by random vege ta t ive  o r  s o i l  i n s t a b i l i t y ,  
change i n  flow grad ien t ,  moisture-induced change i n  s o i l  s t r e ss - s t reng th  
r e l a t i o n s h i p s ,  tunnel erosion i n  d i spe rs ive  s o i l s ,  o r  o the r  weathering 
forces .  m a t e v e r  t h e  combination of these  fo rces ,  t h e  e f f e c t  is to  
c r e a t e  a d i s c o n t i n u i t y  i n  the  long i tud ina l  p r o f i l e .  This r e s u l t s  i n  
a channel erosion sca rp  t h a t  progresses upstream (see Figures) ;  the  
banks of t h e  channel then weaken and f a l l  (or  slump) and t h e  slough 
m a t e r i a l s  a r e  flushed through t h e  drainage system even with  minimal runoff.  

Most of these  enumerated f a c t o r s  were i n  ex i s t ence  i n  pre-settlement 
times, but P i e s t  e t  a l .  (11) c i t e d  a d d i t i o n a l  f a c t o r s  which have tended 
t o  g r e a t l y  a c c e l e r a t e  channel de te r io ra t ion .  These include such over t  
an th rop ic  a c t i v i t i e s  as channel dredging and s t ra igh ten ing ,  which tended 
t o  cause steepened and non-uniform channel g rad ien t s  t h a t  spawned sca rp  
formation and growth. More s u b t l e  and far-reaching e f f e c t s  were a l s o  
c i t e d ,  such a s  increased su r face  runoff induced by conversion of v i r g i n  
l ands  t o  c l e a n - t i l l  a g r i c u l t u r e  i n  the  l a s t  century, which caused t h e  
equivalent  of a s i g n i f i c a n t  c l ima t ic  s h i f t .  The quant i ty  of su r face  
runoff from rowcrop land i n  t h e  Midwest is 2 t o  3 times the  pre-agri- 
c u l t u r a l  l e v e l ,  and peak runoff rates from rowcrop f i e l d s  a r e  increased 
as much a s  50 f o l d  o r  more f o r  some storm events.  Mtlch of t h i s  sur- 
charge of high-energy runoff i s  now contained i n  the  channel, r a t h e r  
than d i s s i p a t e d  overbank. I n  o t h e r  regions, increased runoff from 
i r r i g a t i o n  wastewaters routed t o  previously s t a b l e  channels has a l s o  
been observed to  cause severe  channel degradation (8). Combined with 
added man-induced s t r e s s e s  i n  drainageways, l a r g e  runoff surcharges 
can i n  time e f f e c t i v e l y  c u t  o f f  meander bends and cause channels to  
degrade--even without s t r a igh ten ing  and dredging a c t i v i t i e s .  

CHARACTERISTIC GULLIES AND SOME REC0HMEM)ED TREATMENTS 

Pottawattamie County. Iowa 

2 SEA Watersheds 0.30-0.61 bn2 (0.12-0.23 mi )--Runoff from c lean- t i l l ed  
f i e l d s  i n  t h e  l o e s s  h i l l s  region of western Iowa is o f t e n  o u t l e t t e d  t o  
g rass  waterways which quickly degenerate i n t o  g u l l i e s  of t y p i c a l  size- 
about 1 8  m (60 f t . )  wide and 6.1 m (20 f t . )  deep--as s h o ~  i n  Figure 1. 

2 The most e r o d i b l e  of t h e  four  SEA watersheds is a 0.30 km (0.12 m i .  ) 
c o r n f i e l d  wi th  average 9 percent landslope. It is represen ta t ive  of 
f i e l d s  t h a t  a r e  continuously rowcropped, wi th  no conservat ion t r e a t -  
ments except contour p lan t ing  and some grass  waterways. Runoff and 
erosion from both t h e  cornf ie ld  and t h e  upstream-advancing headscarp 
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have been c o n t i n u o u s l ~ m o n i t o r e d  _sinre lPhC, & ) - U j ~ e r d & ~ ~  - 
-------- - 

shor t  l eng th  of channel near the  headscarp has averaged 363 metric tons 
(400 tons) per  year ,  1964-79, with 23 percent  of the  t o t a l  occurring i n  
June 1967. Sediment entered the  g u l l i e d  channel from the  co rn f i e ld  
( s h e e t - r i l l  eros ion)  a t  nea r ly  4 times the  gul lying r a t e ;  the  sediment 
concentra t ion of runoff averaged 50,000 ppm, with peak concentra t ions  
exceeding 200,000 ppm. 

In  c o n t r a s t  t o  t h i s  unterraced co rn f i e ld ,  runoff and sediment movement 
from nearby conservation watersheds were a t  manageable l e v e l s ,  Spomer 
e t  a l .  (12).  The conservat ion t reatments  included: t i l l - p l a n t e d  corn 
without t e r r a c e s ;  t i l l - p l a n t e d  corn with double-spaced l e v e l  t e r races ;  
corn with conventional l e v e l  t e r races ;  and g rass  pasture .  

In  summary, the  sixteen-year record shows t h a t  treatment opt ions  which 
can inc rease  i n f i l t r a t i o n  and thereby decrease  su r face  runoff r a t e s  
w i l l  r e s t r i c t  gu l ly  growth o r  h a l t  i t  completely. Pas tu res  and hay 
crops can e a s i l y  meet t h i s  c r i t e r i o n ,  but economic r e a l i t i e s  usual ly  
mandate rowcropping of these  f i e l d s .  Although conservation t i l l a g e  
methods show some p o t e n t i a l  f o r  reducing surface  runoff to  acceptable 
l e v e l s ,  t h e  most v i a b l e  present  opt ion is  to  t e r r a c e  the  f i e l d s ,  and 
i n s t a l l  underground d r a i n s  t o  ca r ry  excess impounded runoff .  This 
system has demonstrably increased i n f i l t r a t i o n  i n t o  t h e  s o i l  p r o f i l e ,  
and t h e  a c c r e t i o n  t o  groundwater and r e s u l t a n t  seepage along t h e  stream- 
banks has not  aggravated channel s t a b i l i t y  whenever su r face  runoff i s  
s u f f i c i e n t l y  reduced to  a l low vegeta t ion to  s t a b i l i z e  the  channel. 

Keg- he migration 
of a s i n g l e  low sca rp  wi thin  t h e  entrenched (7.6 m o r  25 f t .  deep) 
channel i f  Keg creek-  (Figure 2) has been observed s ince  1945. By best  
account from t h e  landowner and from inspec t ion  of a e r i a l  photos, the 
sca rp  a t  no time i n  t h e  35-year period exceeded 1 .8  m (6 f t . )  i n  height. 
-+ uas +mreziuceb t o a s e r i T F s 7 Z  o f a E r T E a ~ s  T F  %idsthat 
occasional ly  coalesced. Total  movement dur ing t h e  period was more than 
1 .6  km (one mile) .  Based upon rep resen ta t ive  cross  sec t ion  measure- 
ments t h a t  show an average 40 percent  a r e a l  increase  with scarp passage. 
t h e  channel voiding r a t e  was 50,000 metr ic  tons per  kilometer (92,000 
tons/mile) ,  o r  1.4 me t r i c  tons/yr/m (0.5 ton/yr f t . )  of channel. 
P r inc ipa l  hazards r e s u l t i n g  from incisement of these  valley-bottom 
g u l l i e s  inc lude  f u r t h e r  channel voiding and des t ruc t ion  of bridges due 
t o  t h e  widening t h a t  i s  commensurate wi th  t h e  deepening process--and 
the  lowering of t r i b u t a r y  base l e v e l s  and increasing dissect ion of the 
cropped bottomland f i e l d s .  Evidence of t h e  channel widening problm 
i s  c i t e d  by a r e c e n t  survey t h a t  showed 18 percent of the more than 
5000 b r idges  i n  13 southwestern Iowa count ies  have approach spans; chi' 
i s  usua l ly  considered to  be  evidence of recent  degradation-widening 
processes  ( 7 ) .  

Many schemes t o  h a l t  gu l ly  incisement and s t a b i l i z e  channel gradienm 
have been attempted i n  t h i s  region--with varying degrees of success. 
S t r u c t u r a l  c o n t r o l s  were i n s t a l l e d  i n  problem a reas  of the midwest in 
t h e  1930's, notably  the  d r i f t l e s s  region of southwestern Wisconsin a d  
the  L i t t l e  Sioux Basin of western Iowa. Nearly every facet of ~ t r u c m  
Performance was evaluated, including sediment t r ap  eff ic iency.  
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; deposition g rad ien t s ,  r e l i a b i l i t y  of  outflow works, and maintenance 
: Deeds f o r  long-term s a t i s f a c t o r y  performance (9). These s t r u c t u r e s ,  
if proper ly  maintained, a r e  e f f e c t i v e  b u t  expensive, a f a c t  emphasized 
by the  many types of experimental s t r u c t u r e s  still  evolving. I n  

Iowa, f o r  example, about 250 flume bridges of varying 
designs have been b u i l t  i n  t h e  p a s t  40 years i n  an e f f o r t  t o  more 

s o l v e  t h e  grade con t ro l  problem (7). 

m e  o b j e c t i v e  of grade con t ro l  on Keg Creek would be t o  maintain the  
channel at reasonable depth, and espec ia l ly  t o  h a l t  the  d e t e r i o r a t i o n  
caused by movement of t h e  sca rp  shown i n  Figure 2. Wooden p i l i n g ,  
driven t o  some depth below maximum scour and s t a b i l i z e d  by c a b l e  ties 
in to  anchors loca ted  i n  each bank, is proposed a s  one inexpensive con- 
t r o l  method with a reasonable chance f o r  success.  A g r id  of r e in fo rc ing  
mesh is at tached t o  the  p i l i n g  i n  any v e r t i c a l  increment des i red  and 
debris  ( including sediment) is  trapped behind the  s t r u c t u r e .  The longi- 
tudinal  spacing of p i l e  bents  along t h e  channel depends on channel 
gradient ,  height  of r e in fo rc ing  mesh, and quan t i ty  of sediment i n  t rans-  
port.  P i l e  bent designs  on Keg Creek would be espec ia l ly  a t t r a c t i v e  
because they could be i n s t a l l e d  with  minimum dis turbance t o  t h e  adjacent  
c u l t i v a t e d  f lood plain .  Trenching to  place anchors and cab le  t i e s  could 
e a s i l y  be accomplished with  t h e i r  placement severa l  f e e t  below ground 
1 eve1 . 
Another scheme having re levance involves the  use  of  f l y  ash  i n  s o i l  
cement o r  concrete  t o  produce more economical s t ruc tu res .  Fly ash  is 
a mate r i a l  having pozzolanic p r o p e r t i e s  t h a t  is produced i n  prodigious 
q u a n t i t i e s  ac s e v e r a l  coal-f i red power planes recent ly  b u i l t  along the  
Missouri River.  Although the  f l y  a s h  produced i n  the  region has a 
recognized value f o r  roadbase s t a b i l i z a t i o n  and f o r  s u b s t i t u t i o n  i n  
concrete  mixes, much of it is presen t ly  wasted. At the  f i v e  d o l l a r  per 
ton present  c o s t  f o r  f l y  ash, r i c h  mixes with regu la r  aggregates o r  with 
on-s i te  s o i l s  must be considered an outstanding a l t e r n a t i v e  mate r i a l  f a r  
mote economical grade con t ro l s .  

Dry Creek Basin, F ron t i e r  and Lincoln Counties, Nebraska 

Valley-Head Gul l i e s ,  Dry CreekBasFn--The erosion scarps  i n  Figure 3 
a r e  t y p i c a l  of those i d e n t i f i e d  a s  valley-head gullies by Brice (3) .  
Valley-head g u l l i e s  a r e  most prevalent  along the  b lu f f  l i n e  of  streams 
wi th  v a l l e y s  inc i sed  i n t o  t h i c k  depos i t s  of unconsolidated mater ia l .  
Perhaps t h e  g r e a t e s t  erosion hazard e x i s t s  where land ad jacen t  t o  t h e  
b lu f f  l i n e  is r e l a t i v e l y  P l a t  and t i l l a b l e ;  the  excessive runoff 
generated by rowcropping cannot be s a f e l y  conveyed by c o n v e n t i o ~  
wa erways because b lu f f  l i n e  r e l i e f  is too great .  I n  the  52 la (20 5 m i  ) drainage a rea  of Dry Creek, Brice  determined t h a t  valley-head 
and assoc ia ted  v a l  ey-side erosion i n  the  15-year period, 1937-52. 3 was about 76,000 m (100,000 cu yds.) o r  1 .3  t /ha /y r  (0.6 t / a /y ) .  Much 
of t h i s  eroded s o i l  is deposited i n  the  va l l ey  because most valley-haad 
g u l l i e s  a r e  of t h e  discontinuous type shown. The sen io r  author  has  
a l s o  witnessed such severe  gul lying problems from valley-head erosion 
i n  I l l i n o i s ,  Iowa, and Alabama. Control opt ions  f o r  g u l l i e s  of t h i s  
type a r e  extremely l i m i t e d  because the  po ten t i a l  f o r  non-structural 
treatment is low; e.g., waterways a lone cannot e f f e c t  control .  The 
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scarps must be dewatered, e i t he r  by normally-dry detent ion s t ruc tures  
which co l l e c t  the  f i e l d  runoff and convey it safely to  the  gul ly 
bottom--or by storingrrunoff i n  terrace systems. I n  more humid regions 
where runoff po ten t ia l s  a r e  higher, underground pipe drains a r e  
necessary t o  remove terrace-impounded waters, and emergency grass  water- 
ways a r e  needed to minimize damages from te r race  overtopping. The 
f i r s t  method involves a r e l a t i ve ly  low storage capacity with high dis-  
charge capabil i ty .  With the second method, t e r races  can s t o r e  and in- 
f i l t r a t e  appreciable quant i t i es  of runoff and, where necessary, re lease  
i t  a t  lower discharge r a t e s  through underground drains.  Specif ic  s i t e  
conditions w i l l  usual ly d i c t a t e  the most economic a l te rna t ive .  

Valley-Bottom Gullies, Dry Creek Basin 52 lmf (20 miL)- he r e l a t i ve ly  
l eve l  culeivated uplands which generate much of the runoff i n  Dry Creek 
Basin a r e  sharply clifferentiated from the drainage system and comprise 
about a th i rd  of t he  t o t a l  area. The remaining area is an  incised 
va l ley  t ha t  begins with gul ly knickpoints at lower f i e l d  edges, 
Figure 3, and proceeds through flat-bottomed (though occasionally in- 
cised)  t r i bu t a r i e s  to  the  main drainage system, Figure 4,  which l i e s  
about 30 m (LOO f t . )  below the upland. 

Gully erosion r a t e s  i n  the basin were measured by Brice (3) from a e r i a l  
photographs, 1938-52. They k v e  a l so  been quantified on the bas i s  of 
monumented surveys and by sampling streamflow (6). A s e r i e s  of ac t ive  
erosion scarps ex i s t  i n  the drainage system of Dry Creek, including a 
5.2 m (17-ft.) high headscarp in the  main channel, Figure 4,  t h a t  ad- 
vanced upstream 232 m (760 f t . )  i n  28 years, 1951-1979, removing more 
than 27,000 metric tons (30,000 tons) of soil. A t r ibu ta ry  headscarp 
moved upstream 344 m (1130 f t . )  i n  this same period. Highest erosion 
r a t e s  were i n  1951, when measured sediment y ie ld  a t  the gaging s t a t i on  
was 308,000 metric tons (340,000 tons), o r  58.3 metr ic  tons per 
hectare (26 tons per acre)  of drainage area (6). Further channel 
degradation can be expected t o  occur unless the  channel grade can be 
s tab i l ized .  The channel gradient i s  s teep and secondary channel scarps 
can develop and move upstream in the  main channel and t r ibu ta r ies .  
Also, t he  high r a t e  of sedfment movement downstream is decreasing the 
s torage  capacity of an i r r i ga t i on  reservoir .  

The e n t i r e  val ley is grass  t ha t  would not suf fe r  from occasional 
flooding, so the optimum conservation goal would be t o  completely f i l l  
the ex is t ing  gully. This can be accomplished by conventional grade 
control  s t ruc tures ,  but these a r e  usual ly unaffordable even with 
favorable benefi t /cost  ra t ios .  The author how of no such s t ruc tures  1 in the  e n t i r e  Medicine Greek Basin 1700 ku (650 sq. mi.), although 
several  flood control  dams have been b u i l t  a t  a u n i t  cost  of nearly 
one-half mil l ion dollars .  m e r e  is some merit, therefore, in con- 
s ider ing  an en t i r e l y  new concept in conservation design, where channel 
grade controls  tan be effected,  along with a measure of flood control  
and improved stockwater supply. It would a l so  be des i rab le  t o  
accomplish t h i s  conservation design by a l t e rna t i ve  materials  and 
methodology synthesized from other  locat ions,  a s  proposed herein. 

Reinforced ear th  technology (I), a patented technique l e s s  than 20 
years  old,  requires  properly graded s o i l ,  mostly noncohesive, with 
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