PHASE |11
REVEGETATI ON SUCCESS STANDARDS
FOR GRAZI NGLAND

Arkansas Departnment of Environnmental Quality
Surface M ning and Recl amati on Division
P. O Box 8913
Little Rock, Arkansas 72219

Ef fecti ve Date:



GRAZ| NGLAND

| . | nt roducti on

1. General

Reveget ati on Requi renments

I11. Success Standards and Measurenent Frequency

A. Gr ound Cover

B. Forage Production

C. Ref erence Area Requirenments

| V. Sanpling Procedures

A Random Sanpl i ng

B. Sanpl i ng Techni ques

1.
2.
3.

Li ne Point Transect
Sanpling Franes
Whol e Area Harvesting

C. Sanpl e Adequacy

1. Gound Cover Data
2. Sanple Franme Data
V. Dat a Subm ssion and Anal ysi s

VI. Maps

VIl. Mtigation Plan

Appendi ces

Appendi x A

Appendi x B
Appendi x C
Appendi x D

Appendi x E

Sel ection of Random Sanpling Sites

Table 1 - A Set of Random Nunbers

Figure 1 - Random Sanple Locating Gid Overlay
Summary Data Form for Line-Point Transects
Summary Data Form for Sanpling Franes

Data Form for Forage Crop Production Data Harvested
as Bal ed Hay

T- Tabl e



Appendi

Appendi

Appendi
Appendi
Appendi

Appendi

Appendi

Appendi

Exanpl e Use of Sanple Adequacy Fornmula for G ound
Cover Measurenents

Exanpl e Use of Sanpl e Adequacy Formula for Hay
Production Measurenents

Statistical Analysis on G ound Cover Measurenents
Statistical Analysis on Sanpling Frame Data

Statistical Analysis on Wole Release Area
Har vesti ng

Yield Adjustnments for Rel ease Areas Due to
Differing Soil Series

Grasses or Acceptable Plant Species for Permanent
Ground Cover on Grazingl and

Ref er ences



| . | nt roducti on

This policy describes the criteria and procedures for determ ning
Phase 111 ground cover and production success for areas being
restored to grazingl and.

Pursuant to the Arkansas Surface Coal M ning and Recl amati on Code
(ASCMRC) Section 816.116(b)(1), ground cover and production
success on grazingland nust be determ ned on the basis of the
foll ow ng conditions:

- general revegetation requirenents of the approved permt;
- ground cover density; and
- production.

The permttee is responsible for determ ning and neasuring ground
cover and production and submtting this data to the Director for
eval uation. Procedures for making these determ nations are
described in this docunent.

1. General Revegetation Requirenents

The general requirenents for revegetation, as stated under ASCVMRC
Section 816.111 shall be considered satisfied upon the
determ nation by the Director that:

A The perm ttee has established on regraded areas and al
ot her disturbed areas, except water areas, surface
areas of roads and areas around buil dings that are
approved as part of the postm ning | and use, a
vegetative cover that is in accordance with the
reclamation plan in the approved permt and that is:

1. di verse, effective, and pernmanent;

2. conpri sed of species native to the area, or of
i ntroduced speci es which are desirable and
al | owabl e under ASCVMRC Section 816.111, and
necessary to achieve the postm ning | and use and
approved by the regulatory authority;

3. at | east equal in extent of cover to the natural
vegetation of the area; and
4. capabl e of stabilizing the soil surface from
er osi on.
B. The Director nust also make the determ nation that the

reestabl i shed pl ant species are:



conpatible with the approved postm ning | and use;

of the sanme seasonal characteristics of growh as
the original vegetation;

capabl e of self-regeneration and plant succession;

conpatible with the plant and ani mal species of
the area; and

al l owed for planting under applicable State and
Federal |aws and regul ations which control the
growt h of poi sonous and noxi ous plants and

i ntroduced speci es.

I11. Success Standards and Measurenent Frequency

A. Gr ound Cover

1.

Ground cover shall be considered acceptable if it
is at least ninety percent (90% of the approved
success standard at a ninety percent (90%
statistical confidence |level for any two (2)of the
| ast four years of the five (5) year

responsi bility period. The success standard for
ground cover shall be ninety percent (90%
density. O her approved success standards coul d
be other areas that are representative of unm ned
| ands in the area being reclainmd or through the
use of technical guidance procedures published by
the United States Department of Agricul ture (USDA)
or United States Department of Interior (USDI) for
assessing ground cover and productivity.

Ground cover nust be neasured over each

nonconti guous area which is proposed for rel ease.
The aggregate of areas with |less than 90 percent
ground cover nust not exceed 5 percent of the

rel ease area. These areas nust not be | arger than
1 acre and nust be conpletely surrounded by
desirabl e vegetation which has a ground cover of
90 percent. Areas void of desirable vegetation
may not be larger than 1/4 acre and nust be
surrounded by desirable vegetati on which has a
ground cover of 90 percent. Refer to sanpling
techni que for ground cover |V. B. 1.

Ground cover shall consist of the species m xture
whi ch has been approved in the original permt or
an approved acceptable species m xture as
recommended by the United States Departnent of
Agricul ture/ Natural Resources Conservation Service

2



(NRCS) for use in that area. No nore than fifteen
percent (15% of the stand can be approved species
not listed in the permt. There can be no nore
than forty percent (40% deviation fromthe
approved seeding m xture in the stand. |If the
area was previously mned, thirty-five percent
(3599 can be approved species not listed in the
permt. Exanples of sone acceptabl e plant species
are listed in Appendix L.

The sanpling techniques for neasuring success
shall use a 90 percent statistical confidence
interval (i.e., one sided test with a .10 al pha
error). \Whenever ground cover is equal to or
exceeds the success standard, the statistical
confidence interval test does not have to be
det er m ned.

Ground cover success and forage production success
need not be nmet during the same year.

Ground cover shall be sanpled twi ce during any two
of the last four years of the five-year
responsibility period to verify cover data.

B. Forage Production

1.

The success standard for production of hay on
grazingl and shall be 90 percent of an approved
reference area, if reference areas are
establ i shed, or 90 percent of a current NRCS high
managenent target yield. This target yield is
determ ned by the NRCS using current yield records
of representative |local farms in the surrounding
area. |If the permttee proposes to use the NRCS
standard, it nust be pre-approved by the Director.

Production shall be sanpled twice during two
separate years. The permttee may select any two
of the last four years of the five-year
responsibility period.

C. Ref erence Area Requirenments

1.

Ref erence areas nust be representative of soils,

sl ope, aspect, and vegetation in the prem ned
permt area. However, in cases where differences
exi st because of m xing of several soil series on
the reclainmed area or unavailability of a
reference area as herein described, yields nmust be
adj usted as outlined in Appendi x K.
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REFERENCE AREA GRAZ|I NGLAND MUST BE UNDER THE SAME
MANAGEMENT AS GRAZI NGLAND I N THE RECLAI MED AREA.

Thi s neans:

a. They nmust consist of simlar plant species and
diversity as approved in the permt;

b. be currently managed under the same | and use
desi gnati on as the proposed m ned rel ease area;

c. consist of soils in the sanme |and capability
cl ass;

d. be located in the general vicinity to the
mned test area to mnimze weather fluctuations;

e. the sane fertilizer and pest managenent
techni ques shall be used;

f. fertilizer rates shall be based on the sane
yi el d goal;

g. that, if the reference area was nmowed prior to
sanpling, the reclaimd area nust al so have been
mowed at the same tinme to the same height;

h. identical harvest dates, row spacing, and
pl ant popul ati ons shall be used; and

i. any other commonly used nmanagenent techni ques
not |listed above such as adequate weed and insect
control may be used provided the grazingland area
and the reference area are treated identically.

Ref erence areas shall consist of a single-plot (whole
pl ot) at least four (4) acres in size. Either
statistically adequate sub-sanpling or whol e pl ot
harvesting may be used to determ ne yields.

Ref erence plot crop yields nust be at a |l evel which is
reasonably conparable to the county average for the
given crop. Reference plot yields which are |ess than
ei ghty percent (80% of the county average are highly
suspect and may be rejected.

Ref erence areas may be used as a standard for several

m nes or bond release areas in the vicinity, with prior
approval of the Director. Reference areas may be

| ocated on undi sturbed acreage within permtted areas.
If not so | ocated, the permttee nust obtain fromthe

| andowner (s) a witten agreenent allow ng use of the
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property as a reference area and allow ng right of
entry for regulatory personnel.

When rel ease areas and reference areas fall on
different soil series, adjustnents nust be made to
conpensate for the productivity difference. The
NRCS county soil productivity figures shall be
used for this purpose. For ease of calcul ation,
this adjustnment shall always be made to the
reference area yield. EACH REFERENCE PLOT

SAMPLI NG FRAME OR WHOLE FI ELD REFERENCE PLOT YI ELD
MUST BE ADJUSTED BEFORE YI ELD COMPARI SON OR T- TEST
STATI STI CS CAN BE CALCULATED. See Appendi ces C,

D, and K

| V. Sanpling Procedures

A

B.

Random Sanpl i ng

1.

To assure that the sanples truly represent the
vegetative characteristics of the whole rel ease or
reference area, the permttee nmust use nethods
that will provide:

a. a random sel ection of sanpling sites,

b. a sanpling technique unaffected by the
sanpler's preference, and

C. sufficient sanples to represent the true nean
of the vegetation characteristics.

Sanpling points shall be randomy | ocated by using
a grid overlay on a map of the rel ease or
reference area and by choosing horizontal and
vertical coordinates as described in Appendix A
Each sanple point nust fall within the rel ease or
reference area boundaries and be within an area
having the vegetative cover type bei ng neasured.
Addi tionally, at |east one ground cover sanple
poi nt must be neasured in each noncontiguous unit,
if the release area does not consist of a single
uni t.

The permttee shall notify the Departnment ten (10)
days prior to conducting sanpling or other
harvesting operations to allow a representative
fromthe state an opportunity to nonitor the
sanpling procedures.

Sanpl i ng Techni ques



1. Li ne Point Transect (Ground Cover)

A line point transect shall be a series of 100 points
spaced 1 foot apart along a straight line. The
permttee shall establish a transect at each of the
random y sel ected sanpling points. The direction of
the transect shall also be determ ned randomy. This
can be done as easily as spinning a pencil on a
clipboard or throwing it in the air and using the
direction where it points.

Ground cover shall be nmeasured as the area covered by
the conbined aerial parts of the accepted plant species
and the leaf litter that is produced naturally onsite,
expressed as a percentage of the total area of

measur enent .

The permttee shall classify the ground cover by
species at each 1-foot interval along the entire | ength
of the transect (starting at 1 foot fromthe random
point). The area of measurenent shall be a |ine

proj ected downward and perpendicular to the ground at
each 1-foot interval (100 in total).

At each point along the transect, ground cover shall be
classified by species as acceptable or unacceptabl e as
fol |l ows:

Accept abl e Unaccept abl e
Veget ation Veget ati on not
approved in permt approved in permt
Dead vegetation or litter Rock or bare ground

from accept abl e speci es
Accept abl e- not approved in permt

All data gathered fromthe |line point transects shal
be recorded in the format shown in Appendi x B.

2. Sanpling Frames (Productivity)

A sanpling frame can be square, rectangular, or
circular enclosure neasuring at |least two feet square
capabl e of enclosing the sanple location. A sanple

| ocation shall be established at each of the randomy
chosen sites, such that the center of the sanpling
frame is the random point. The permttee shall clip
the biomass 2" above ground level within the frane.
The biomass to be clipped shall be fromall plant
speci es growth whose base lies within the sanpling
frame. This biomss shall then be wei ghed and
recorded. As each frame is clipped and wei ghed, the
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bi omass shall be put into a bag for oven drying.
Sanpl es shall be oven dried to a constant wei ght and
rewei ghed to determ ne dried weight. The weight of
each oven-dried sanple can be increased by 12%to
account for the extra noisture renmoved during the
process of oven drying. All data collected fromthe
clippings within the sanpling frame shall be recorded
in the format presented in Appendix C.

3. Whol e Area Harvesting (Productivity)

I f whole rel ease area harvesting is chosen as the

met hod for data collection, the entire area shall be
harvested and the system as outlined in Appendi ces D,

J, and K shall be used for data analysis. This entails
counting all bales produced on the harvested areas and
mul tiplying this nunmber by the average weight of a
random y sel ected nunber of bales. The nunber of bales
to count and weigh for any site would consist of ten
(10) percent, or fifteen (15) |arge round bal es,

whi chever is greater; or ten (10) percent or fifteen
(15) small round bal es whichever is greater and
converted to | bs/ac by taking their average wei ght and
multiplying that figure times the total nunber of

bal es, divided by the nunber of acres harvested.

To determ ne which bales to weigh, randomy select a
nunmber fromone to ten then count and wei gh every tenth
(10th) bale thereafter until the m ninmum nunber or 10%
of the bal es have been weighed. The first and | ast
bal e of any noncontiguous field or site should not be
wei ghed. The bal es shall be counted, but if the random
nunmber falls on either of the two bal es nentioned,

ei ther advance one bale or select the immedi ate bale
previous to the [ ast bal e produced.

Sanpl e Adequacy
1. For Ground Cover Data

The permttee shall collect data fromtransects using a
mul ti-staged sanpling procedure. During the first
stage, the permttee shall take an initial group of
transects (mninumof ten). By using these initial
transects and by applying the fornula bel ow, the
permttee shall determ ne the actual nunber of
transects needed:

(t3(s?
n = (0.1x)?
Where n = the m ni mum nunber of sanples needed
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t? squared t-value fromthe table in Appendix E

initial estimte of the variance of the rel ease
(or reference) area

SZ

(0.1x)2 = the I evel of accuracy expressed as 10% of the
average cover. Note that this termis

squar ed.

Exanpl e uses of the fornula are shown in Appendi x F.

If the fornula reveals that the required nunber of
sanples is equal to or less than ten, the initia
sampling will satisfy the sanpling requirenments. If

t he nunber of sanples needed is greater than ten, the
perm ttee nust take the bal ance of additional sanples
(Stage Two Sanpling), as specified by the fornmula, and
recal culate n. This process shall be repeated until
sanpl e adequacy i s net.

2. For Sanple Frame Data (See Appendi x G

The permttee shall collect hay cuttings using a

mul ti-staged sanpling procedure. During the first
stage, the permttee shall take an initial group of
sanple frame cuttings (mninmumof ten). By using these
initial sanples and by applying the fornmula bel ow, the
perm ttee shall determ ne the actual nunmber of sanples
needed:

(t?(s? The variance (s? nust be
n = (0.1x)? based on oven dry weight.
Where n = the m ni mum nunber of sanples needed

t?2 = squared t-value fromthe table in Appendix E

s2 = jinitial estimate of the variance of the rel ease
(or reference) area

(0.1x)2 = the I evel of accuracy expressed as 10% of the
average weight. Note that this termis

squar ed.

Exanpl e uses of the fornula are shown in Appendix G

If the fornula reveals that the required nunber of
sanples is equal to or less than ten, the initia
sampling will satisfy the sanpling requirenments. |If
t he nunber of sanples needed is greater than ten, the
perm ttee nust take the bal ance of additional sanples
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(Stage Two Sanpling), as specified by the fornula, and
recal culate n. This process shall be repeated until
sanpl e adequacy i s net.

V. Dat a Subm ssion and Anal ysi s

If the data shows that revegetati on success has been net,
the permttee shall submt the data to the Director for
review in the format shown in Appendices B, C, and D.

When the data indicates that the average ground cover and
average forage production was insufficient, but close to the
standards, the permttee may submt the data to the Director
to determne if the production was acceptabl e when
statistically conpared to the standards using a t-test at a
90- percent statistical confidence interval. See Appendices
C, D, and J.

Raw yield data fromreclaimed (m ned) areas and raw data
fromreference (unm ned) areas nust first be oven dried to
renove noisture, then adjusted by the established noisture
content standard, Appendix C. This nust be done before
statistical conparisons can be made.

VI. Maps

A Whenever a new Phase Il plan is submtted to the
Departnent, it nmust be acconpani ed by maps show ng:

1. the | ocation of the area covered by the plan
(i.e., the area proposed for rel ease);

2. the location of test and reference areas; and
3. all permt boundaries.
B. Whenever data from a previously approved plan is

submtted to the Departnment, it nust be acconpani ed by
maps show ng:

1. the | ocation of test and reference areas;

2. the location of each transect and sanple frane
point;

3. the area covered by the sanpling; and

4. all permt boundaries.

VIl. Mtigation Plan



Ground cover and forage productivity nmust equal or exceed (pass)

the standards for Phase Il liability release for at |east two
sanpling years during the second through the fourth years
following conpletion of the |ast augnented seeding. |If

productivity is not achieved by these dates, the perm ttee nust
submt a mtigation plan to the Director which includes the
fol | ow ng:

A a statement outlining the problem
B. a di scussion of what practices, beyond normal farm ng
practices, the operator intends to use to enable the
area to finally neet the rel ease standards; and
C. a new Phase |11l liability rel ease plan.
| f renovation, soil substitution or any other practice which
constitutes augnentation is enployed, the five year

responsibility period shall restart after the mtigation plan is
approved and the practices are conpl et ed.
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APPENDI X A

Sel ecti on of Random Sanpling Sites

The permttee shall use X and Y grid coordinates in establishing
the | ocation of sanpling sites on the reclainmed area (and on the
reference area, if a reference area standard is used).

A grid shall be placed or drawn on the map containing the areas
to be sanpled. The grid nust be | arge enough so that all of the
rel ease or reference area is covered by the grid (see drawing in
Figure 1). Also, the grid pattern shall be such that the axes
are 200 feet apart or closer. The X and Y axes shall be nunbered
in consecutive order beginning at the extrenme |ower |eft point of
the grid (this point being 1).

The permttee shall generate random nunber pairs for each X and Y
axi s conmbi nati on needed. For exanple, if five (5) sanpling

| ocations are to be established, the permttee nust generate five
(5) random nunber pairs.

The random nunbers table shown in Table 1 may be used to choose
the nunbers needed. The table is used as foll ows:

Step 1) Choose an axis to work on (X or Y).

Step 2) Flip a coin twice to determ ne a colum on which to
start (refer to coin flip conmbinations at the head of
each col um).

Step 3) By beginning at the top of the colum sel ected, begin
reviewi ng the nunmbers until a nunber that falls within
the range of those on the chosen grid axis is found.

If the range of numbers on the axis is less than 10,
then you will only review the last digit of the nunbers
in the colum. If the range of nunbers is nore than 10
but |l ess than 100, then the last two digits will be
revi ewed.

Step 4) Record the first nunmber found.

Step 5) Begi nning after the | ast nunmber found, continue down
the colum until another number is [ocated within the
given range. Record this nunmber and continue follow ng
t he above procedure until the required amount of
nunbers is found and recorded. |If you reach the bottom
of the colum before you | ocate enough nunbers, proceed
to one of the adjacent colums, starting again at the
top. VWhen all colums have been used, begin again with
the first colum used, except review only the first
(instead of the last) one or two digits of the nunbers
in the colum.

11



APPENDI X A

Page 2
Step 6)

After enough nunbers are generated for the first axis
chosen, restart the process at Step 1 for the other
axi s.

After enough random nunber pairs have been generated
for each axis, |locate the sanple points on the grid.
If a point(s) falls outside the release or reference
area, a new point(s) nust be chosen as expl ai ned above.
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APPENDI X A
Table 1
A Set of Random Numbers

Heads/ Heads Tail s/ Tails Heads/ Tai | s Tai | s/ Heads
Colum 1 Col um 2 Col um 3 Col um 4
6327 0983 3798 4679
2167 6484 9467 9058
3939 0407 1804 8827
4672 3865 5689 9878
8071 5185 5514 5008
9509 0603 7461 8550
6615 2588 3558 3349
4833 2422 9790 1183
5594 1809 6931 6571
9441 1699 3947 7702
7922 9812 7229 5252
9419 6494 8179 8065
6178 3556 2466 2495
2647 3961 7546 4799
0474 1839 6926 6534
9814 1577 8293 0301
0104 4579 0627 8667
1608 9470 4131 5345
9722 1557 0471 5498
4189 3582 3675 9461
9855 8088 9006 6897
5791 8234 1472 3421
0872 3310 0510 9046
8953 9809 8037 8376
2895 4319 6544 8953
0609 5248 8734 2498
0795 2464 6170 1063
1572 7371 7936 2841
4307 0294 6060 5194
4857 0197 2401 7005
1632 7189 6463 9830
0745 8034 7882 7152
0736 5110 5165 6571
8168 7924 5876 1407
7468 5313 2736 9010
6044 5420 3077 9070
6716 0059 3001 8871
9342 0169 6880 7986
5809 6048 9051 1151
1532 9715 7081 0109
5506 5812 5917 4415
4045 1751 2817 9958
5966 9930 6437 7279
6062 3296 5093 2503
4097 8379 5670 0614
6793 3999 4645 5143
7960 4853 0583 1920
1321 4067 8503 1604
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APPENDI X A
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APPENDI X B, PART 1

(Exanpl e of format for summarizing |line point transect data.)

SUMVARY DATA FORM FOR LI NE- PO NT TRANSECTS

Page of
Conpany Nanme
Check One: |__| Reclainmed Area | _| Reference Area
Perm t No. ) If reference area,
) indicate permt to
) which data will be
) conpar ed.
Land Use

Acres in Sanpling Rel ease Area

No. of Transects Used (n)

Dat e of Sanpling

Accept abl e

Poi nts Found

(Qut of 100)
Transect No. (n) (X)
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APPENDI X B, PART 2

Exanpl e of Format for Recording Line Point Transect

LI NE PO NT TRANSECT SHEET

| nf ormati on:

Page __ of
Conpany Nanme
Perm t No.
Land Use
Dat e of Sanpling
Li ne Point Transect #
Poi nt Accept Poi nt Accept Poi nt Accept Poi nt Accept
# or # or # or # or
Unaccept Uhaccept Unaccept Uhaccept
1 26 51 76
2 27 52 77
3 28 53 78
4 29 54 79
5 30 55 80
6 31 56 81
7 32 57 82
8 33 58 83
9 34 59 84
10 35 60 85
11 36 61 86
12 37 62 87
13 38 63 88
14 39 64 89
15 40 65 90
16 41 66 91
17 42 67 92
18 43 68 93
19 44 69 94
20 45 70 95
21 46 71 96
22 47 72 97
23 48 73 98
24 49 74 99
25 50 75 100
Speci es % St and % Cover = _* Accept =
100

% Accept/ not approved = _ " ANA

16
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APPENDI X C
(Exampl e of format for summarizing sanpling frane data.)

SUMWARY DATA FORM FOR SAMPLI NG FRAMES

Page _ of _

Conpany Nane
Check One: |:| Recl ai med Area |:| Ref erence Area
Permt No. ) |If reference area,

) indicate permt to

) which data will be

) conpar ed.
Land Use

Acres in Sanpling Area (A

Nunber of Sanpl es Taken (n)

Date of Sanpling

NRCS Productivity Adjustnent Up/ Down (Appendi x K)

et (Recl ai ned Area) (For Reference Plots)
Sanpl i ng VWi ght in Oven Dry Wi ght Productivity Adjusted
Nunber G ans in Gans (DW Wight/In Gans (ADW
n "DW " ADW
Recl ai med Area Mean x = "DW=
n
or
Ref erence Area Mean x = * =
n

17



APPENDI X D

Data Formfor Forage Crop Production Data Harvested as Bal ed Hay

Page_  of ___

Conpany Nane:
Reference Area: ~ Test Area:
Permt: If reference area, indicate

permt to which data will be

conpar ed.
Land Use:
Acres in Harvested Area: Pl ot or Area Nunber
Date Hay was cut: Date Hay was bal ed:
Date Hay was wei ghed
Number of Bal es Harvested (B): Number of Bal es Wi ghed (n):
NRCS Productivity Adjustnent Up/ Down (Appendi x K):
Bal e Bal e Bal e Bal e
Wi ght  (x) Vi ght (x) Vi ght (x) Vi ght (x)

— "X
Mean (X) = n =
Bx
Test-area production per acre = A =
(NRCS PI) Bx
Ref erence-area producti on per acre = A =

If the test area production per acre is equal to or greater than the reference
production per acre, the test passes. |If the test area production is |ess
than the reference, the statistical analysis needs to be run. Refer to
Appendi x H
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APPENDI X E

T- Tabl e
d.f. t.100

1 3.078

2 1. 886

3 1.638

4 1.533

5 1.476

6 1. 440

7 1.415

8 1.397

9 1.383

10 1.372 Note: for the sanple adequacy
11 1.363 calculations and 1 tail productivity
12 1. 356 conpari sons, use colum t. 100
13 1. 350

14 1.345

15 1.341

16 1.337

17 1.333

18 1. 330

19 1.328
20 1.325
21 1.323
22 1.321
23 1.319
24 1.318
25 1.316
26 1.315
27 1.314
28 1.313
29 1.311
i nf. 1.282

From " Tabl e of Percentage Points of the t.Distribution.” Biometrika

Vol . 32 (1941), p.300. Reproduced by perm ssion of the Bionetrika Trustees.
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APPENDI X F

Exanpl e Use of Sanpl e Adequacy Fornula for G ound Cover Measurenents

In this exanple, the permttee has taken an initial group of sanples
fromten (10) randomy located point-line transects. The results of his
sanmpling are as foll ows:

1) Calculating the variance:

Accept abl e
Poi nt s
(Qut of 100)

Transect No. (n) X X2
1 86 7, 396
2 90 8, 100
3 76 5, 776
4 82 6,724
5 40 1, 600
6 76 5,776
7 40 1, 600
8 82 6, 724
9 86 7, 396

10 90 8.100
"X = 748 "X? = 59,192

Now we need to cal culate the variance, S
Nunber of transects taken (n) = 10.

(-X)z
"X - n
S = n-1
or, put into words:
Squar e of
Sum of Al
Sum of all _ Val ues
Squar ed Val ues # of Val ues
S = (Nunber of Values - 1)

Fromthe data in the above exanple, we cal cul ate:

(748)?
59,192 - 10
S = 9

360. 18
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2)

Det er m ni ng sanpl e adequacy:

Fromthe t table, we find t for a sanple size of 10.
"n-1 = degrees of freedom

10-1 = 9 degrees of freedomfor our exanple

Fromthe t table, locate the t statistic for 9 degrees of freedom
= 1.383

S
Mean X = n

The sanpl e adequacy formula is:

(t2) (S
N = (0.1x)?

Pl uggi ng these values into the sanpl e adequacy fornula, we get:

(1.3832)(360.18) = 688.91 = 12.31 or 13
N = (7.48)2 55. 95

Since we al ready have taken 10 sanpl es and the sanpl e adequacy
formula tells us we need only 13, we need to take an additional 3
transects (13 - 10 = 3).

Now, when those 3 additional transects have been taken, a new vari ance
nmust be cal cul ated and the sanpl e adequacy fornula recal culated. This
is to ascertain that the 3 additional transects didn't somehow

i ncrease the variance and therefore require still nore transects. |If

this happens, the additional transects nust be taken and the variance

recal cul ated to determ ne sanmpl e adequacy.

The sanpl e adequacy requirenents nmust be fulfilled before a conparison
to the standard can be nade.
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Exanpl e Use of Sanpl e Adequacy Fornmula for Hay Producti on Measurenents

In this exanple, the permttee has taken an initial group of ten (10)
randomy |l ocated sanpling frames. The results of the sanpling are as
fol | ows:

Oven Dry
i ght per
Sanpl i ng
Frame No. (n) Frane X X2
1 72.2 5,212.84
2 80.0 6, 400. 00
3 22.0 484. 00
4 96. 5 9,312. 25
5 100. 2 10, 040. 04
6 25.0 625. 00
7 81.0 6, 561. 00
8 96.0 9, 216. 00
9 100. 9 10, 180. 81
10 51.0 2, 601. 00
n=10 "X = 724.8 "X? = 60, 632. 94

1) Now we need to calculate the variance, $%
Nunber of Sanpling Franmes (n) = 10.

(*X)?
"X - n
S = n-1

or, put into words:

Squar e of
Sum of SUM of Al
Al SQUARED _ Val ues
Val ues # of Franes
Variance = (Nunber of Franes - 1)
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Fromthe data in the above exanple, we cal cul ate:

(724.8)°2
60.632.94 - 10
S = 9 = 899. 94

2) Determning sanpl e adequacy:
Fromthe t table, we find t for a sanple size of 10.
n-1 = degrees of freedom
10-1 = 9 degrees of freedomfor our exanple

Fromthe t table, locate the t statistic for 9 degrees of
freedom = 1. 383

The sanpl e adequacy formula is : n = (t2?) (s?)

(0.1x)?
Wher e:
(0.1X)%2 = 10% of nean squared. 10% of 72.48 = 7.248, so (7.248)2% =
52.53
_ "X
Mean X = n

N = the nunber of sanples which will need to be taken

t2 =1t table value, squared ( See Appendi x D)

$* = variance

Pl uggi ng these values into the sanpl e adequacy fornula, we get:

(1.3832) (899. 94)
N = 52.53 = 32.76 = 33 sanpl es needed

Since we already have taken 10 sanpl es and the sanpl e adequacy formul a
tells us we need a total of 33, an additional 23 sanples will need to
be taken

Now, when the 23 additional sanples have been taken, a new variance
nmust be cal cul ated and the sanpl e adequacy formul a recal cul ated. This
is to ascertain that the additional sanples didn't sormehow i ncrease
the variance and therefore require still nmore sanples. If this
happens, the additional sanples nust be taken and the variance
recal cul ated to determ ne sanpl e adequacy.
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Statistical Analysis on Gound Cover Measurenents
In performng statistical comparisons for groundcover, results of
random y assigned |ine-point transects will be conpared to the success
standard ninety percent (90% ground cover at a ninety percent (90%
confidence statistical interval as illustrated in the foll ow ng exanpl e:
Nul I hypot hesis: Gound cover on rel ease area > 90% ground cover
Alternate hypothesis: Gound cover on rel ease area < 90% ground cover

Rel ease Area

Sanple Results (x) x? G ound Cover Standard

Assune that it 41% 1681 90%
t ook 10 sanpl es 72% 5184
to achi eve sanpl e 89% 7921
adequacy 42% 1764

69% 4761

80% 6400

42% 1764

57% 3249

77% 5929

89% 7921

"X = 658% "x%? = 46,574
- Ix 658
G ound Cover Mean (x) = n = 10 =65.8
Standard Deviation (s) = r "x? - ("X? = r46574 - 432,964 =
“n 10
"n-1 9

r46574 - 43296.4 = r3277.6 = %364.178 = 19. 08
9

9
Nunber of Samples (n) = 10
t table 0.10 a df (10-1) = 1.38

t calculated = | Gound Cover Mean of Rel ease Area-Target @ ound Cover|
s/ %n
= 65. 8-90 = 24.2 = 4.01
19. 08/ %10 6. 03

Since 4.01> 1.38, the null hypothesis is rejected; and it cannot be accepted
that the ground cover on the release area is greater than or equal to the
target ground cover.
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Statistical Analysis on Sanpling Frame Data

In performng statistical conparisons for hay production when sanpl e areas
are harvested, harvest results of the randomy assigned sanple areas will be
conpared using a t-test to ninety percent (90% of the target or reference
yield, using a ninety percent (90% confidence interval. The hypot heses
shoul d be set up as follows:

Nul | hypothesis: Hay yield on rel ease area > 90%target yield

Alternate hypothesis: Hay yield on rel ease area < 90% of target yield

If NRCS target yield is used as a standard, the tonnage of forage
produced must be divided by 21,780 to convert it to sanple franme weights.
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Statistical Analysis on Wol e Rel ease Area Harvesting

In performng statistical conparisons for hay producti on when a whole field

is harvested, the weights of either ten (10) percent or fifteen

(15) snall bal es, whichever is greater; or ten (10) percent or fifteen (15)

round bal es whichever is greater; are converted to Ibs./ac. and conpared to
ninety (90) percent of the reference or target yield, using

a ninety (90) percent or greater statistical confidence | evel as approved by
the Director in consultation with the NRCS fol | ows:

Nul | hypothesis: Hay yield on rel ease area > 90%reference or
target yield

Alternate hypothesis: Hay yield on release area < 90% reference or
target yield

Exanpl e: Size of rel ease area: 40 acres
Nunber of bal es harvested: 125
Nunber of bal es wei ghed: 15

Rel ease Area Harvest Data

Adj ust ed*
Wi ght Per 90% Ref erence Area
Round B?Le (x) x?2 or_Target vield
- S-
1,100 1, 210, 000
1, 000 1, 000, 000 3,200 | bs/ac
975 950, 625
900 810, 000
1, 000 1, 000, 000
1,100 1, 210, 000
1, 000 1, 000, 000
900 810, 000
1,025 1, 050, 625
1, 000 1, 000, 000
875 765, 625
975 950, 625
1, 000 1, 000, 000
1,100 1, 210, 000
1,150 1, 322, 500
"x = 15, 100 "x2? = 15, 290, 000
_ "n 15,100
Mean (x) =n = 15 = 1006.7 x 125 + 40 acres = 3145.9 = 3146

*See Appendi x K

26



APPENDI X J

Page 2
St andard Devi ation(s) = "x2 - (*x)? = 15,290,000 - 228,010,000 =
r "n r 15,100
n-1 14
190, 000 = p 13,571.4 = 116.5
r 14

To determine the t-value, refer to Appendix E

The degree of freedomis the nunber of sanples mnus "1"

W had 15 sanples, subtracting 1 = 14.
Fourteen (14) degrees of freedom= 1.345 from colum t. 100.

Therefore, the formula to calculate t value fromthe harvest data is:

X, - %] = |3.146 - 3,200 = 1.79
S 116.5
S n s 15

Since 1.79 > 1.345, the null hypothesis is rejected. Oop yield data
fromthe test area is not equal to or greater than the yield fromthe
reference area
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Yield Adjustnents for Rel ease Areas Due to
Differing Soil Series

When rel ease areas and reference areas fall on different soil series,

adj ust nents nust be nade to conpensate for the productivity difference. The
soi|l productivity shall be established by the NRCS froma site-specific

i nvestigation, or derived fromestablished i nproved managenent yields for
the type soil(s) in the appropriate Soil Conservation Service (NRCS) County
Soi|l Survey. For ease of calculation, this adjustnment shall always be nmade
to the reference area yield.

Exanpl e: Ber mudagr ass Past ur el and

Consi der a case in which there are three soil types (or conpl exes) on a
permt site covering 100 acres in Johnson County. The soils types are Cane
fine sandy | oam (abbrevi ated CaB), which covers 40 acres; Leadvale silt |oam
(LeB), which covers 20 acres; and Leesburg-Enders Association (LBD), which
covers 40 acres. The appropriate bernudagrass inproved nanagenent yi el ds
fromthe soil survey manual are

Soil Series Yield in AUM?*
CaB 6.0

LeB 6.5

LBD No yield provi ded

*AUM - Animal unit months. According to the Range Handbook (1997),
one AUM is equal to 790 air-dried pounds of grass per acre.

In those cases such as the LBD soils when no yield figures are avail abl e,
the potential range production for normal years can be used as a substitute
production figure. The LBD is an exanple of a soil conplex conposed of two
different soils with different range yield potentials. The Leesburg portion
has a normal potential range yield of 4,345 pounds per acre while the Enders
portion has a nornmal potential range yield of 3,950 pounds per acre. Since
t hese make up roughly equival ent proportions of the soil conplex, the two
figures can be averaged to nmake a yield for the soil as a whol e.

Using the information provi ded above, the soil types can be assuned to have
the foll owi ng bernmudagrass productivities and wei ghting factors based on the
percentage of area of the site.

Soi|l Series Productivity Wi ghti ng Factor
CaB 4,740 | bs/ acre 0. 40
LeB 5,135 | bs/acre 0.20
LBD 4,148 | bs/ acre 0. 40
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The technical productivity standard is as foll ows:

(4,740)(0.40) + (5,135)(0.20) + (4,148)(0.40) =
1,896 + 1,027 + 1,659 = 4,582 pounds per acre

The reference area for this permt is located on a Cane fine sandy |oamw th
a productivity of 4,740 Ibs./acre. In this situation, the rel ease area has
a productivity that is 3.3% Il ower than the reference area; therefore, the
reference area yield is adjusted downward by 3. 3%

If the reference area is on the Leeburg-Enders Association, the productivity
is 4,148 I bs./acre. In this situation, the rel ease area

has a productivity that is 10.5% hi gher than the reference area; therefore,
the reference area yield is adjusted upward by 10. 5%
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G asses or acceptabl e plant species* for permanent ground cover on
gr azi ngl and.

War m Season G asses Cool Season G asses
Bi g bl uestem Vst ern
Andr opogon ger ar di wheat gr ass Pascopyrum smithii
Little Virginia
bl uest em Andr opogon scopari um wil drye El yrmus virgini cus
Deert ongue D chant hel i um Reed Phal ari s
cl andesti num canarygrass ar undi nacea
Buf f al ogr ass Buchl oe dact yl oi des
Swi t chgr ass Pani cum vi r gat um
I ndi angr ass Sor ghast rum nut ans
Si deoat s Legunes
grana Bout el oua curti pendul a
Eastern Partridge Chanaecri sta
gamagr ass Tri psacum dact yl oi des pea ni ctitans
Prairie Desmant hus
bundl ef | ower iIl'inoensis
Bristly
| ocust Robi ni a hi spi da

*At any tine during the planning, reclamation and sanpling phases, the
permttee may nake a witten request that the Surface M ning and Recl amation
Di vi si on accept plant species not |isted here.
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