
V. MECHANICAL TREATMENT MEASURES 

5.1 General 

A v i a b l e  means of  r e e s t a b l i s h i n g  and maintaining a s t a b l e  p o s t  mining 

landscape is t o  mechanically manipulate t h e  l and  surface .  The u l t ima te  pur- 

pose is t o  decrease  t h e  time requ i red  t o  r econs t ruc t  a r e l a t i v e l y  s t a b l e  land 

surface .  This  is  done by ( 1 )  reducing runof f ,  ( 2 )  i nc reas ing  r a i n f a l l  

depression s to rage  and ( 3 )  conver t ing  concentrated flow t o  d ive r se  flow, with 

t h e  u l t ima te  goal  be ing t o  e s t a b l i s h  o r  improve vegeta t ive  cover. 

Science and technology of  l and  s u r f a c e  t rea tments  ( inc lud ing  conservation 

t i l l a g e )  of  cropland and rangeland have reached an advanced s t a g e  i n  t h e  

United S t a t e s  and s i m i l a r  p r a c t i c e s  have been adapted t o  mine lands.  Surface 

roughening t rea tments  which have been modified from rangeland p r a c t i c e s  

inc lude  furrowing, t e r rac ing ,  t renching,  r ipping,  ch i se l ing ,  t racking,  p i t t i n g  

and water spreading and harvest ing.  Equipnent commonly used a r e  modified ver- 

s i o n s  of  rangeland, a g r i c u l t u r a l  and i n d u s t r i a l  implements inc luding backhoes, 

bul ldozers ,  d i s k s ,  harrows, rakes ,  t i l l e r s ,  d r i l l s ,  c h i s e l e r s  and scrapers .  

These p r a c t i c e s  have been developed l a r g e l y  f o r  semi-arid and a r i d  lands 

where water  and s o i l  conservat ion  is c r i t i c a l .  Ckl mined lands  i n  t h e s e  

regions,  s e v e r a l  complementary t rea tments  may be necessary t o  o f f s e t  scanty  

moisture s u p p l i e s  r e s u l t i n g  from ( 1 )  e r r a t i c  and low r a i n f a l l s  ( 4  t o  14 

inches  of  average annual  p r e c i p i t a t i o n ) ,  ( 2 )  high evapo-transpirat ion,  ( 3 )  1- 

s p o i l  water-holding capac i ty  and ( 4 )  low i n f i l t r a t i o n  r a t e s .  Land manipula- 

t i o n  i n  humid a r e a s  is genera l ly  considered i n e f f i c i e n t  because s tandard  

seedbed prepara t ion ,  seeding and vege ta t ive  management a r e  more success fu l  and 

well-accepted reclamation p r a c t i c e s .  

Four l and  s u r f a c e  t r e a t m n t s  a r e  presented  i n  t h i s  manual: furrowing, 

imprint ing,  p i t t i n g  and r ipping.  The f ollcwing design methodology q u a n t i f i e s  

and assess08 t h e  e f f e c t s  o f  t h e s e  land s u r f a c e  treatments.  

5.2 Design Procedures 

The procedura l  gu ide l ines  f o r  p r e d i c t i n g  t h e  e f f e c t s  of eros ion con t ro l  

s t r u c t u r e s  and l and  t r ea tmen t s  a r e  given i n  Chapter IV. lVo a d d i t i o n a l  s e t s  

of  design information a r e  r equ i red  before  applying t h i s  design procedure t o  

l and  s u r f a c e  t rea tments .  



F i r s t ,  the  re la t ionship between the treatments and the roughness coef- 

f i c i e n t ,  Kg, is graphically i l l u s t r a t e d  in Figure 5.1. Values of K~ can 

a l s o  be determined f o r  d i f fe ren t  ages of the treatment, depending on when the 

treatments were implemented. I f  vegetation is established during t h i s  time, 

t h e  la rges t  Kg value corresponding t o  the appropriate cover in Figure 4.2 

(Chapter IV) o r  selected treatment in Figure 5.1 should be chosen fo r  use i n  

t h e  design procedure. 

Values of Kg and the detachment coeff ic ient ,  Dt, f o r  each of the 

treatments corresponding t o  general s o i l  t ex tura l  c lasses  a re  tabulated in 

Table 5.1. As previously s ta ted ,  i f  vegetation is established,  the  la rges t  

K value corresponding t o  the appropriate cover (Table 4.2) o r  treatment 
9 

(Table 5.1) should be selected.  I f  su f f i c i en t  data a re  avai lable  t o  determine 

p a r t i c l e  s i z e  d i s t r ibu t ion  (Appendix A )  and s i t e  spec i f ic  values of erodibi- 

l i t y ,  Re, (Appendix B), then more spec i f ic  values of Kg and Df can be 

determined from Figures 5.1 and 4.3, respectively. 

Values of the  curve number, CN, a re  a l so  required fo r  each of the  t rea t -  

ments. Table 5.2 gives the CN values f o r  the  4 mechanical treatments 

corresponding t o  zero vegetative cover and 100 percent cover. The actua1 

value of CN t o  be used w i l l  be based on the  percent ground cover as given by 

t h e  equation (4.11, C N = C N H -  ( C N H - C N  )C where % and % a r e  the 
L 9' 

100 and zero percent CN values, respectively,  and C is the decimal percent 
9 

cover. 

Contour Furrowing - Design Information, Planning Considerations 
Specif icat ions ,  and Maintenance 

Design Information 

Furrowing is a mechanical treatment done on the  contour which creates  

small t r e n c h 8  o r  grooves by throwing the s o i l  on each s ide  of the  trench. 

Contour furrows are generally spaced f i v e  f e e t  apar t ,  a re  20 t o  30 inches wide 

and 8 inches dnap, and should be daxmned a t  in te rva l s  of 4 t o  9 f e e t  (see  

Figure 5.2). This treatment is considered t o  be a highly successful mechani- 

c a l  treatment f o r  es tabl ishing vegetation. Although the  land surface pat tern  

i l l u s t r a t e d  in Figure 5.2 is the  r e s u l t  of a disk furrower, a s imilar  

roughening pa t te rn  can ba ef fec t ive ly  produced by modifying equipment l i s t e d  

i n  Table 5.3, e.g., a moldboard plow bottom creates  dikes by throwing the s o i l  

on the  downslope s ide  of the  di tch,  forming a ridge or  dike (one to  two f ee t  

high) . 



ERODIBILITY FACTOR, K,* 

36 Values greater than .6 correspond to K.z.6 

Figure 5 . 1 .  Relationship between mechanical treatments, 
roughness c o e f f i c i e n t  and e r o d i b i l i t y  
factor  (from Simons, Li & Associates,  Inc. ,  
1982) . 



Table 5.1. Slmpl 1 f l ed  L l  st ing of Roughness Coeff lclent, Kg, and 
Overland Fl  or Detachment Coef f lc lent,  OF, f o r  General 
So I I Textural Groups and Associated Erodl b l  I Ity 
Values, K, (Table 4.1 

F u r r a ,  l np r l n t  Furrcu, I np r i n t  Furrar , lnp r l n t  
Furrcu , (1 s t  Year) (5 Years) P I 1  

Textural Suggested Inpr 1 n t  P l t  P l t  (5+ Years) 
Cl ass 16 ( I n l t l a l )  ( I n l t l a l )  (3 Years) R l  P 

f 

Sand 

Loamy Sand 

Sandy Loam 

S I  Ity Loem 

Sandy Clay 
Lo- 

Clay Loan 

st Ity Clay 
Lo- 

Sandy Clay 

St I t y  Clay 

Clay 



Table 5 .2 .  CN Values of Surface Treatments Under No Vegetative 
Cover Conditions and 100 Percent Cover Conditions. 

Hydrologic 1 
S o i l  Group 

A B C D 

Contour Furrowing ( l w  2 

(hi*) 

P i t t i n g  (low) 
(high) 

'See sec t ion  3.3 
2 ~ a r  and high end o f  range f o r  reclaimed mine 
s p o i l  with vegetative ground cover (see 
Equation 4.1 



E 
F i g u r e  5.2 .  Contour furrowing implement and 

land pattern. A. ripper tooth t o  
r i p  s o i l  about 2 inches below furrow 
depth; B .  standard disks  that  open 
furrow; C. daxning device; D .  broad- 
c a s t  seeder; E. surface pattern of 
dammed furrow system. 



Table 5.3. Specif icat ions  f o r  Contour Furrwing. 

It em Common Specif icat ions  

Equ ipen t  

General Components 

Number of P u r r w s  

Maximm Penetration 
of Ripper 

- - 
Damming In t e rva l  

F u r r w  Spacing 

Width of Furraw 

Maximum Furrar Depth 

Power Ftequiraaents 

Disk-type, modified moldboard plow, modified 
l i s t e r s ,  blade-tips of graders (broad base 
f urrawer 1 

brow opener c rea t ing  d i t ch  and throwing s o i l  
on oppoeite s i de s  o r  on t h e  downslope s ide;  an 
adjustable  r ipper  tooth may precede t h e  
f urrar opener (op t iona l )  ; damming device 

1 - 3 depending on e q u i p e n t  

12" ( o r  approximately 2" b e l w  depth of 
f u r r w  1 

Minimum of 15 t o  20 HP pe r  f u r r w  formar 
(equivalent  of c a t e r p i l l a r  06) 

Pay Item Fer ac re  



Planning Considerations 

Contour furrowing is a v e r s a t i l e  t r ea t aen t  on slopes l e s s  than 10 percent 

which a r e  not rocky. E'urrwing is bes t  accomplished on moderately deep and 

deep s o i l s  (approximately 10 t o  12+ inches) i n  a r id  and semi-arid regions 

which receive grea te r  than 8 inches of annual precipi ta t ion.  Limited data  do 

not  show s ign i f i can t  benef ic ia l  r e s u l t s  from humid regions o r  regions 

receiving l e s s  than 8 inches of precipi ta t ion.  

Specifications - Contour Furrowing 

This work s h a l l  cons is t  of tmchanically contour furrowing i n  accordance 

with t he  spec i f ica t ions  given i n  Table 5.3. The accepted bas i s  of payment 

f o r  standard furrowing w i l l  be paid a t  the  contract  un i t  p r i ce  according t o  

t h e  pay u n i t  given i n  the  Table. 

In-Service Performance 

O f  t he  mechanical treatznents used on rangeland and mined land, the  con- 

servat ion e f f e c t s  of f u r r w i n g  a r e  r e l a t i ve ly  w e l l  documented. Under the  

recommended f i e l d  conditions and standard specif icat ions ,  t he  water holding 

capacity i s  approximately two inches of r a i n  the  f i r s t  year and one inch by 

the  5th year. I n f i l t r a t i o n  r a t e s  can increase by 10 f o l d  and runoff can 

decrease by 84 percent. The e f f e c t s  of f u r r w i n g  generally p e r s i s t  ( i n  a 

degrading mode) from f ive  t o  twelve years. The in-service performance i s  

dependent upon a conplex in te rac t ion  between p i t  s i z e  and s o i l  type, microcli- 

mate, and vegetative establishment. A general r u l e  of thumb f o r  f u r r w i n g  and 

m o s t  mechanical t r e a m n t s  is t h a t  t he  hydrologic conditions-oLhsita-can be 

expected t o  improve a s  vegetative cover i s  establ ished and approaches t h a t  of 

t h e  surrounding landacapo o r  approaches 70 percent cover i f  annual preci- 

p i t a t i o n  ia adequate. 

Althouqh l i t t l e  data  a r e  ava i lab le  on broad-base f u r r w s ,  t h e i r  perfar- 

mance a p p a r s  t o  be comparable with standard contour furrows. 

5.4 Land Imprinting 

Design In forma t i on  

Land imprinting is a r e l a t i v e l y  new sinimum t i l l a g e  prac t ice  which fcrms 

microfurrows t o  reduce and d i f fuse  runoff and microbasins t o  pond water ( see  

Figure 5.3). It concentrates above-ground p l an t  mater ia l  a t  t he  surface 



Figure 5 . 3 .  Land imprinting implement and land surface 
pattern. A. Standard imprinter cons is ts  
o f  a s ing le  moving part ,  which is a com- 
pound r o l l e r  having angle irons on exter- 
nal  surface. B. Mechanically formed 
geometric pattern. V furrows (RH) c o l l e c t  
and shed runoff t o  microbasins (LH) where 
runoff is col lected  and absorbed. 



thereby increasing the  e f fec t ive  mulch. Imprinting roughens t h e  surf  ace with 

wedges crea t ing  geometric pa t t e rns  approximately. four inches deep, depending 

on s o i l  compaction, s o i l  moisture, and weight on the  implement. The V-furows 

combined with t h e  closed geometric ponding pa t t e rn  c rea te  a r e l a t i v e l y  s t a b l e  

seed bed and runoff is diffuse.  The microbasins have been found t o  perform 

successfully in concentrating meager amounts of r a i n f a l l  runoff i n , a r i d  lands. 

Design and speci f ica t ion  ins t ruc t ions  f o r  home fabr ica t ion  can be 

obtained from Robert Dixon, USDA-SEA, 2000 E. Allen Wad, Tucson, Arizona 

85719. 

Planning Considerations 

Land imprinting can be used t o  t r e a t  a l l  s o i l  tex tures  including rocky, 

s o i l  and shallow o r  deep s o i l s .  Imprints can be constructed under w e t  o r  dry 

conditions although the  optimum condition of s o i l  i n  humid-subhumid regions is 

t h e  lower end of t h e  p l a s t i c i t y  oange f o r  a p a r t i c u l a r  s o i l ;  optimum con- 

d i t i o n s  i n  a r i d  and semi-arid regions a r e  the  p l a s t i c i t y  range on less. In 

regions receiving less than 8 inches o f  annual r a i n f a l l ,  imprinting 

should b e  done i n  conjunction with ripping, topsoi l ing  and mulching. 

imprinting can be done paral leL to  the s lope  t o  enhance harvesting of 

runoff from t h e  V-furrows t o  themicrobasins. However, imprinting perpen- 

d icular  t o  t h e  slope is r e c o d e d  f o r ' s t e e p  slopes (g rea te r  than 8 percent) 
I 

t o  c rea te  f i rm microterraces o r  Qorizon(ta1 s t a i r s t e p s  on the  h i l l s i d e  (see 

Figure 5.4). The maxirmM s lope  f o r  imprinting.depends on operator safety.  

Cabling can be  u t i l i z e d  f o r  s teeper  slopeo- 

S o i l s  with less than 150 lb/in2 load bearing capacity requi re  a 3 ton  

imprint implement. Ebr s o i l s  with higher bearing capaci t ies ,  3 t o  5 ton 

implements perform w e l l ,  o r ,  a l t e rna t ive ly ,  t h e  s o i l  can be ripped p r i o r  t o  

imprinting. Tb increase the weight of standard imprints,  t h e  imprinter can be 

f i l l e d  with water o r  sand (Figure 5.3 1. 

Specificptions - Land Imprintinp 

This work s h a l l  cons i s t  o f  mechanically imprinting i n  accordance with t h e  

speci f ica t ions  given i n  Table 5.4. These speci f ica t ions  are defined f o r  the  

standard imprinter i l l u s t r a t e d  i n  Figure  5.3. Specif icat ions f o r  o ther  

imprinting pat terns ,  such as a simple V - f ~ r r o w ~ p a t t e r n  or  the  crimped V-furrow 

( see  Figure 5-51 a r e  not  included, although many of t h e  speci f ica t ions  a r e  



/ storage 

HORIZONTAL DISTANCE 

Figure 5 . 4 .  Comparison of imprints made on a 45"  (100%) 
slope by imprinting angles having equal legs 
(standard teeth) and unequal legs (saw teeth) .  
Saw teeth on - > 4S0 slopes provide some de- 
pression storage. For slopes > 4S0 ,  capsules 
can be cabled onto the slope (after Dixon, 
R.M., unpub.) . 



5.1~ 

Table 5.4. Specif icat ions  f o r  Land Imprinting. 

- - 

Item Common Specif icat ions  

Equipment 

General Components 

Imprint Implament 
Weight 

Furrar Width 

Furrow Depth 

Furrow Length 

Furrow Spacing 

Microbasin Width 

Microbasin Depth 

Microbasin Length 

Microbasin Spacing 

Number of M i c r e  
basin/Tr i p  

Power Requirement 

Pay Item 

Commercial o r  homa-fabricated imprinter modified 
crawler o r  t i l l a g e  impleamnts 

V-furrw former; microbasin former 

3 t o 5  t 

10" t o  12" 

2" t o  10" (var iab le )  

2" t o  5" (var iab le )  

Continuous with d i rec t ion  of t r a v e l  

10" t o  12" 

4 

30 BP 

Fer ac re  



over seed 

Figure 5.5 .  S o i l  crimping imprinterr- Larger 
seeds are covered wit!! s o i l  simul- 
taneously with imprinting. Seedbed 
preparation and seeding can be 
accomplished during the same oper- 
a t ion  by attaching a seeder t o  the 
imprinter ( a f t e r  Dixon, R.M. , unpub 



general enough t o  be applicable. The accepted basis  of payment for  imprinting 

w i l l  be paid a t  t he  contract  un i t  p r i ce  according to  the  pay un i t  given i n  

Table 5.4. 

In-Service Perf onnance 

Performance records of the  land imprinting indicated t h a t  the  water 

holding capacity i s  approximately 2 inches and does not s ign i f ican t ly  

de te r iora te  fo r  a t  l e a s t  2 t o  3 years. I n f i l t r a t i o n  r a t e s  may increase 

subs tan t ia l ly  depending on the  s i t e  conditions. Imprint pat terns  can poten- 

t i a l l y  p e r s i s t  f o r  10 t o  12 years i f  the recommended conditions e x i s t  a t  the 

time of emplacement and vegetation is established. However, i f  imprinting i s  

done i n  an a r i d  region i n  dry clayey s o i l  and no vegetation is established, 

t h e  pa t te rn  w i l l  na tural ly  be ob l i t e r a t ed  i n  2 years. 

5.5 P i t t i n q  

Design In fonaation 

P i t t i n g  is  a treatment which c rea t e s  small basins t o  increase storage and 

i n f i l t r a t i o n ,  thereby increasing vegetative establishment ( see  Figure 5.6). 

P i t s  a r e  generally 3 t o  a f e e t  long, 8 t o  12 inches wide and 4 t o  8 inches 

deep. . 
Planning Considerations 

As a water consemation and erosion control  measure, p i t t i n g  has been 

almost exclusively used on a r i d  and semi-arid regions with varying degrees of 

success. Best r e s u l t s  a r e  received where annual 2 rec ip i ta t ion  exceeds 8 

inches and where the  p i t s  a r e  placed on the  contour of l e s s  than 10 percent 

s lopes  i n  moderately dry, medium textured s o i l .  It is not  recommended for  use 

on clayey, .mdy, shallw o r  rocky s o i l .  

Specifications - P i t t i n g  

This work s h a l l  cons is t  of mechanically p i t t i n g  i n  accordance with the  

specif icat ions  given i n  Table 5.5. These standard specif icat ions  a r e  

defined f o r  disk,  plow, and gouging type p i t t e r s ;  spike o r  rotary p i t t e r s  do 

not  meet these specif icat ions .  The accepted bas i s  of payment f o r  p i t t i n g  w i l l  

be paid f o r  a t  t he  cont rac t  un i t  p r i ce  according t o  the  pay u n i t  given i n  

Table 5.5. 



figure 5.6. P i t t i n g  implements and land surface pat tern .  
A. A l i s t e r  plow can be modified and re- 
arranged fo r  use i n  creat ing p i t s .  a. P i t s  
can be created by hydraulically r a i s ing  and 
lowering a l i s t e r  o r  other  type of shank 
forming a p i t t e d  surface configuration. C. 
Land surface pat tern .  Hydraulically operated 
gouging machine creates  elongated water t raps  
8-10 inches deep, 2 f ee t  long and 1-1/2 f e e t  
wide. A seedbox with tubes can be f i t t e d  
onto the implement t o  d i s t r i b u t e  seeds i n  
depressions. 



Table 5.5. Specifications f o r  Pit t ing.  

It em Common Specif icat ions 

Equipnent 

General Components 

L i s t e r t y p e  gouging p i t t e r s ;  eccentr ic  cutaway, 
o r  cam shaped disk p i t t e r ;  modified brushland, 
wheatland, standard disk,  tandem disk,  o r  
moldboard plow 

P i t  former crea t ing p i t  with r idges o r  check dams 
separat ing t h e  p i t s ;  mechanical s t ruc tu re  (eg. 
modified t r ipp ing  act ion) o r  hydraulic device t o  
control  spacing ( depending on equipment) 

Number of P i t s  3 t o  5 depending on equipnent 

P i t  Spacing 15" t o  40" 

P i t s / A c r e  Approximately 5,000 

Width 

Depth 

Length 

Power Requirement: 

Pay Item 

8" t o  18" 

4" t o  10" 

2" t o  5' (8 '  maximum) 

30 t o  45 H P  

Per acre  



In-Service- Performance 

D a t a  co l lec ted  i n  t h e  northern Great Pla ins  and southwest suggests t h a t  

t h e  water holding capacity of  p i t s  is r e l a t i v e l y  low, ranging from 0.03 t o  0.6 

inches the  f i r s t  year and decreasing t o  approximately 0.08 during the  next 3 

t o  5 years. I n f i l t r a t i o n  w a s  found t o  double and runoff decredsed by 13 t o  24 

percent t h e  f i r s t  year, and by 4 t o  16 percent the  t h i r d  year. !She average 

longevity of p i t s  is 4 years i n  the  southwest although they have pers i s t ed  f o r  

a s  long a s  6 t o  15 years i n  t h e  northern G r e a t  Plains. 

These performance values apply t o  disk-type ( s e e  F igure  5.7),  modified 

p l w  and gouger p i t t e r s  (see Figure 5.6). Spike tooth p i t t e r s  have 

s ign i f i can t ly  lwer performance records and a r e  not  recommended a s  a satisfac- 

t o r y  treatment. 

5.6 Rippin2 

Design Information 

Ripping o r  deep ch i se l ing  is a subsoi l  machanical treatment used t o  break 

o r  scatter compacted layars,  heavy clays,  o r  soil/minesoil in ter faces  (see 

Figure 5.8). Ripping w i l l  loosen and m i x  t h e  subsoi l  and allow root  

penetrat ion and moisture storage below t h e  surface. The r ipper  shanks should 

be spaced 7 f e e t  a p a r t  and create p a r a l l e l  s l o t s  4 to  10 inches wide. Ripping 

depth va r ies  from about 10 inches t o  36 inches depending on t h e  depth t o  the  

r e s i s t a n t  layer. 

Planning Considerations 

Ripping a s  a land surface treatment is recommanded f o r  use i n  conjunction 

with o ther  treatments. Ripping is b e s t  implemented on moderately dry, shallow 

mine s o i l  which is medim o r  f i n e  textured and underlain by a compacted spoi l ,  

hard pan o r  hardened cal iche  layers. Uppers  should be operated on t h e  con- 

tour  o f  slopes less than 10 percent. Maxinaau~ benef i t  of subsoi l  moisture 

s torage  is received when p rec ip i t a t ion  is greater  than 8 inches annually. 

Three r ipper  o r  c h i s e l  po in t s  a r e  recommended f o r  use on mined land a s  

i l l u s t r a t e d  i n  Figure 5.8. The standard point  has t h e  most general applica- 

t i o n  and is su i t ab le  f o r  nearly a l l  r ipping o p e ~ ~ ~ ~ . o n s .  Twisted points  may be 

a v iable  t o o l  f o r  increasing t h e  surface roughness and bringing clods t o  the  

surface. Spikes a r e  th icker  and more durable and have a spec ia l  applicat ion 



Figure 5.7. Disk-type pitting machine. 
A. Eccentric (off set) disk; 
B. Cutaway disk, (from 
Vallentine , 1971) . 



Figure 5.8. S o i l  ripping implement and land surface 
pattern.  A .  s o i l  ripper is pulled 
through the s o i l  and a temporary s l o t  is 
formed; B.  standard ripper ( c h i s e l )  
point;  C. spike ripper point; D .  
twisted ripper point .  



i n  extremely hard s o i l  conditions. Commercially avai lable  construction ripper 

points  a r e  3 t o  4 inches wide and produce very sa t i s fac tory  resu l t s .  

Specifications - Ripping 

T h i s  work s h a l l  cons is t  of mechanically ripping i n  accordance w i t h  the  

specif icat ions  given i n  Table 5.6. The accepted bas i s  of payment f o r  

r ipping w i l l  be paid f o r  a t  the  contract  un i t  p r ice  according t o  the  pay un i t  

given i n  the  Table. 

In-Service Performance 

No data  a r e  ava i lab le  on the  water holding capacity o r  changes i n  

i n f i l t r a t i o n  r a t e s  of ripped so i l .  Ripping produces a s ign i f i can t  decrease i n  

runoff and s o i l  l o s s  from small areas  i f  applied under recommended conditions 

given above. These e f f e c t s  decrease, sometimes qu i t e  d ra s t i ca l ly ,  within tne 

f i r s t  three years because erosion from l o w  i n t ens i ty  stonas can f i l l  t h e  

ripped surface s l o t s .  Ripping under optirmm conditions w i l l  l a s t  7 t o  12 

years. 



Table 5.6. Spec i f i ca t ions  f o r  Ripper. 

Item Common Spec i f i ca t ions  

Equipment 

Shanks 

Number of Shanks 

Shank Spacing 

Disturbed Band 
o r  S l o t  Width 

Ripper o r  Chise l  Po in t s  

Maximum Penetra t ion 

Power Requirement 

Ripper; deep ch i se l ;  subsoi ler ;  subso i l  c h i s e l  

Rugged with general  s lope  forward f o r  maximum 
pene t ra t ion  and l i f t ;  curved t o  tapered end 
with replaceable  c h i s e l  p o i n t s  

2 t o  3 mounted shanks 

Approximately 7 f e e t  

Standard; t w i s t e d ;  sp ike  

Approximately 36" depending on shank and 
s o i l  condi t ions  

20 t o  45 HP p e r  shank depending on type of shank, 
depth of penet ra t ion ,  soil condi t ions  
(commonly t h e  equivalent  of a D6-D9) 

Pay I t a n  Per a c r e  



5.7 Exanple Problem 

Problem: Compute t h e  sediment y i e l d  from a d i s tu rbed  mine s i t e  under 

base l ine  condi t ions  o u t l i n e d  i n  Chapter I V ,  s e c t i o n  4.7, a f t e r  an i n i t i a l  

mechanical t rea tment  of furrowing. 

Input  Data: As  i n  base l ine  condi t ions  ( s e c t i o n  4.5) except  CN = 81 

( T a h l a  5.21, 

hydrologic s o i l  group: C 

curve  nunber, CN: 81 (from Table 5.2) 

t e x t u r a l  c l a s s  : Sandy loam 

storm r a i n f a l l  amount: 4 inches  

percent  ground cover: zero percent  

catchment area:  10 a c r e s  

slope: 9 percent  

1 ength: 660 f e e t  

S t e p  One: P a r t i c l e  s i z e  d i s t r i b u t i o n  a s  i n  base l ine  condi t ions  

( s e c t i o n  4.5). 

Clay P1 P2 P3 P4 

S t e p  TWO: Foughness c o e f f i c i e n t  (Kg) and detachnent c o e f f i c i e n t  (DF) . 
& = 0.43 (Table 5.1) 

Kg = 2700 (Table 5.1) 

Dp = 1.000 (Table  5.1) 

S tep  Three through S t e p  Seven: see a t t ached  worksheets. 

Step Eight: Mean concentra t ion of s e t t l e a b l e  s o l i d s  ( CS) . 
Cs = (35.57 + 1.51)+/(2.12 x 10) (8830) 

C s  = 15,400 p p  

Discussion of Results  

The m o l ~  concentra t ion of  s e t t l e a b l e  s o l i d s  has  been decreased by over a 

f a c t o r  of 10, from 160,300 ( b a s e l i n e  condi t ions)  t o  15,400 ppm ( i n i t i a l  t r e a t -  

ment of contour furrowing) . Even though a l a r g e  reduct ion i n  sediment y i e l d  

occurred by furrowing t h e  area, eros ion of t h e  s o i l  is s t i l l  high (15,400 

ppn). To f u r t h e r  decrease t h e  sediment concentrat ion,  r i p p i n g  t h e  

s o i l / s u b s o i l  i n t e r f a c e  be fore  furrowing would e f f e c t i v e l y  inc rease  i n f i l t r a -  

t i o n  and vege ta t ive  establishment.  Ripping would change t h e  "C" hydrologic 

s o i l  group t o  a "B" group and g ive  a CN of 67. Without going i n t o  t h e  details 



of t h e  c a l c u l a t i o n s ,  t h e  s e t t l e a b l e  s o l i d s  would be reduced t o  11,200 ppm. 

A f t e r  one year ,  vegeta t ion  may become quickly  es t ab l i shed  due t o  t h e  ripped 

s u b s o i l  layer .  Under t h e  condi t ions  of 55 percent  vegeta t ive  cover over a  one 

yea r  reclamation period,  t h e  s e t t l e a b l e  s o l i d s  a r e  again  reduced t o  9,300 ppm. 

Th i s  is  near ly  ha l f  t h e  sediment y i e l d  from t h e  conditions. of i n i t i a l  

f u r r w i n g  without  r ipp ing  and ze ro  pe rcen t  cover. Sediment y i e l d  can be 

f u r t h e r  reduced by one-third ( f  tom 9,300 ppm t o  6,000 ppm) i f  t h e  s l o p e  i s  

reduced from 9 percent  t o  5 percent .  The o v e r a l l  e f f e c t  of t h e s e  eros ion 

c o n t r o l  measures is  a s u b s t a n t i a l  reduct ion  i n  sediment y i e l d  of  97 percent  of 

t h e  i n i t i a l  base l ine  condit ions.  



( 1 )  ( 2  1 ( 3 )  ( 4  (5) ( 6  1 (7 (8) (9 1 ( 1 0 )  
Time A t  P P e  AP A Pe I Q (3 
( h r )  ( h r )  P/Pt ( inches)  ( inches)  ( inches )  ( inches)  ( in/hr) (cfs) ( c f s / f t )  

sma l l  area c h a r a c t e r i s t i c s :  

Area = 10 a c r e s  

Length = 660 f e e t  

Width = 660 f e e t  

Example Problem 5 .1 .  Step Three worksheet. 



Area = 10 acres G, = 6-48 A t  s2 Ab (Eq. 4-7)  

Ground Cover Ratio = 0.00 
Ab ;. ( 1  - Cg ) A  (Eq. 4-81 

Width = 660 feet 

Example Problem 5.1. S tep  Four wordsheet. 



(tons/ (tons/ (tons/ (tons/ 
(hours) ( c f d f t )  ft/hr) ft/hr) ft/hr) ft/hr) (tons) (tons) (tons) (tons) (tons) 

doughness Coef f iclent, Kg = 2,700 

Wldth = 660 feet  

Exanp l e Problem 5.1. Step Fl  ve worksheet. 



( 2 )  ( 3 )  

G t G r  

A t  ( tons)  - ( tons)  

G f  G s  G s  1 Gs2 G s  3 Gs4 

( to )  s) ( tons)  ( t ~ n ~ )  ( tons)  ( tons)  ( tons)  

Flow Detachment W e f f i c i e n t  = 1.00 

Gf = Df(Gt  - Gk) (Eq. 4.10) 

where Gt C Gr 

Example Problem 5.1 .  Step S ix  worksheet. 



Example Problem 5.1. Step Seven worksheet. 
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