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WESTERN
STATES
MINERALS
CORPORATION

26 July, 1995
TO: Mr. E.M. Gerick .

FROM: D.J. Crossland

SUBJECT: DESIGN OF FEEDER DITCH #3 - J.B. KING MINE
cc:.

As requested, you will find calculation summaries for the design of J.B. King Feeder
Ditch #3 attached.

My understanding for this design is: 1.) that Feeder Ditch #3 was built for the same
purpose as the other 'Feeder Ditches’ constructed on the property - that is, it was built across a
recently roughened and reseeded area of the J.B. King Mine (through erosional monitoring
stations 14 &14A) in order to protect that area from the naturally occurring off-site water flows
from Drainage Area 7 which are naturally funneled to the reclaimed area; 2.) that the as
constructed Feeder Ditch #3 tail end is just at the 1994 reclaimed disturbed area boundaries
and the ditch design will use this same limit; 3.) the as-built configuration for Feeder Ditch #3
. should be compared to the calculated design for conformity; 3.) design calculations for
Feeder Ditch #3 should use the same assumptions and calculation methods as previously

used at the site in the designs of Feeder Ditches #1 &2, in order to maintain design continuity
for the J.B. King site as a whole.

Certification: | certify that the as built Feeder Ditch #3 meets or exceeds the design
calculations for same, and that said design conservatively estimates the requirements to
contain the expected flows from the 100 year, 6 hour design event of 1.8".
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UMC 817.45 - HYDROLOGIC BALANCE: SEDIMENT CONTROL MEASURES

All previous sediment control measures described in the November 1990 revision sheets
contained in this section have shown limited success at the site. These were intended to serve as
temporary erosion control measures until the slopes were stabilized by vegetation. However, based upon
several vegetation monitoring surveys conducted between 1989 and 1993, and an Ecological Monitoring
and Environmental Characterization study performed by Bamberg Associates in 1994; it appears that at
this spemﬂc reclaimed site that it is not possible to stabilize erosion entu'ely bz vegetation alone, - -

Therefore, some contour furrows and previous silt fences have been ehmmated However
remnant furrows can still be seen, such as the existing furrows that have been allowed to breach. Also,
the maintenance practices of filling rills and gullies with straw mulch and rock has been added to slow
erosion. The present plan calls for surface roughing and rock mulch (gravel) placement on the side
slopes of the refuse pile as the primary erosion control measure. The side slopes will also receive biosolids
to improve the existing soil nutrients, and provide a reasonable plant growth media for revegetation.

A silt fence will be erected between the covered vegetation test plot and the undisturbed drainage
ditch, where needed, to prevent sediment runoff.

Straw and rock filling of areas in the newly disturbed ground where nllmg becomes excessxve
may be used until natural stabilization occurs. .

A more detailed discussion of actual work accomplished in late 1994 is covered in Section UMC
817.22, under the subsection entitled Soil Stabilization. In addition, results of the testwork on the gravel
material (rock mulch) used to cover the Refuse Pile slope, is attached to Section UMC 817.22 as
Addendum I,

! ocT 051995 |
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UMC 817.46 - HYDROLOGIC BAL ANCE : SEDIMENTATION POND

WSMC proposes to retain the current sediment impoundment facility as a permanent
impoundment during the post reclamation phase of the project. The current landowner, State of Utah -
Trust Lands Administration, agrees with this proposal as documented in section UMC 784.15 of this
permit.

Please note, as stated previously, the current design and existing strugture will comply with the
requirements for permanent impoundments as described in section UMC 817:49 and UMC 817.56 of this
permit. O '

Urar DivisioN Omn., Gas AND MINING
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UMC 817.81 - COAL PROCESSING WASTE BANKS : GENERAL REQUIREMENTS

Refase Pile Covering-

Note that two modifications have been made to the requirements for refuse pile covering as
follows: : s

1. For the test plot portion of refuse pile, a variance from the four feet of cover is recommended
by Mr. Henry Sauer of the Division staff in a memorandum to the file dated March 21, 1994. .

2. Due to a surface roughening planned for the side slopes of the refuse pile, as an erosional
control measure. The previous language of “... a minimum of four (4) feet cover...” will be changed to .
an average of four (4) feet cover.. ”forthemdeslopesofthereﬁxsepﬂe

ATED
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UMC 817.103 - ‘BACKFILL]NG AND' GRADING : COVERING COAL AND ACID AND TOXIC -
FORMING MATERTALS '

~ As noted in section UMC 817.81 of this permit, a variance from the four feet of cover to two feet
for the vegetation test plot area has been recommended by a Division staff member.

As a result of this approved variance, the vegetation test plot was covered with an average of 2 ft.
of cover; the surface roughened; and reseeded during Nov./Dec. 1994 at the direction of the Division.
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UMC 817.110 Erosion Monitoring Plan and Standard for Bond Release

The site, since reclamation was completed in late 1985 and early 1986, has undergone some
accelerated erosion during the early years following reclamation. A few of the procedures that personnel
from WSMC used to slow the erosion process included: installing contour furrows and silt fences; and
using straw and rock to patch larger rills or gullies as they occurred. These erosion retarding measures
were required during those early years when insufficient vegetation and other -protectwe cover was not
available to reduce the erosional forces of nature to a normal erosion state. -

However, vegetation cover has shown progressive improvement between 1989 through 1993; and
this, along with the development of surface litter and natural rock armoring of the surface, has probably
brought the site to a normal erosion state which is comprable with the surrounding, undisturbed land
areas, or at least within tolerance levels of normal erosion. Understandably, this statement requires
validation, and the proposed erosion monitoring plan is designed to help make that determination.

The current regulation governing erosion control or soil stabilization is not specific as to how an
operator can seek bond release for this element of liability. The parts of the Utah Coal Mine Regulation
that deal with this are;

1. R645-301-244.100 “All exposed surface arcas will be protected and stabilized to effectively
control erosion...”

2. R645-301-244.300 °“Rills and gullies which form in areas that have been regraded and
topsoiled and which either;...”

3. R645-301-244.310 “Dlsrupt the approved postmining land use or the reestabhshment of the
vegetative cover, Or...

4. R645-301-244.320 “Cause or contribute to a violation of water quality standards for receiving
streams will be filled, regraded, or otherwise stabilized;...”

Since all of the regulations pertaining to erosion control or soil stabilization are so vague and
subjective, WSMC has attempted to outline an erosion monitoring plan and and specific criteria for bond
release associated with this element of responsibility.

It is the belief of WSMC that the vast majority of existing erosional features on the site, carry

off-site drainage run-off across the site to the sedimentation pond. This will be elaborated upon in the
discussion that follows.

Toéegm, the erosion monitoring plan will have the following key elements: 1) a series of on-site
erosion monitoring transects that will be regularly recorded quantitatively and qualitatively for change;

2) a recording rain monitoring stating on site; and 3) a series of comparable off-site erosional transects
that will be recorded on the same schedule as 1) above.

7/95




817.110 (continued)
page 2

The details of the erosion monitoring plan are described in the following text.
1. On-Site Erosion Monitoring Transects-

Approximately 90% of the significant erosional features that exist onssite are covered by the
transects that have been established. These erosional monitoring transects ate’located on Drawing
JBK-3 (AS BUILT), and each transect is individually shown in plan and cross-sectional view on the
attached drawings that are an Addendum to this section. It should be noted that the other area that
previously contained significant exosional features was the west and southwest side slopes of the refuse
pile, but these features were eliminated during the 1994 site reclamation work.

These two areas: the slide slopes of the refuse pile; and the area of the erosional transects, are
distinctly different with respect to the elements causing erosion. Firstly, the side slope of the refuse pile is
approximately a 4 to 1 slope (horizontal to vertical), and the water that caused the rills and gullies fell
directly within the site. In addition, the area of the erosion transects has an overall flatter slope (however,
some localized slopes are as steep as the 4 to 1 on the refuse pile) but more importantly, the water causing
the rilling comes from outside sources (multiple off-site drainage basins contribute run-on across the site
at this location). ' ’

The erosion monitoring transects are strategically placed to intersect surface run-on flow patterns
generated by off-site drainage from areas 3 and 4 specifically.

Drainage area 4 contains the following transects:
F-O toF-OA, F-1t0F-1A, F-2t0F-2A, F-3 toF-3A, F-4to F-4A, F-4B, 4 -
F-1B to F-1C, F-2B to F-2C, F-1D to F-3B, F-3B to F-3C, F-11t0F-11A,
F-12 to F-12A, and F-10 to F-10A

Drainage area 3 contains the following transects:

F-5to F-SA, F-6 to F-6A, F-7toF-7A, F-5B to F-5C, F-6B to F-6C,
F-7B to F-7C, F-8 to F-8A, and F-9 to F-9A

Drainage area 2 contains the following transects:

CtoC’ and DtoD’ i S

©

f Drainage area 1 contains the following transects: ‘ =B

RATED

A oA’ and BtoB’

|
Drainage area 7 contains the following transects: I
|

F-14 10 F-14A and F-13 to F-13A

Uren Drvsgion On., Gas AND MINING




817.110 (continued)
page3

Each transect has been established in the field with a 3/8 inch rebar stake driven into the ground
at each end, and an aluminum tag identifying each point. All erosional features were measured and are
marked on the cross-sectional view with VR or FR, which stands for a “V” shaped 1ill or “Flat” shaped
rill (flat is defined as a rill with a generally flat shaped bottom). Other geographlcal features or remnants

are shown were thought to be beneficial to the monitoring program.

J-

In addition to the physical measurement of the erosional features a photographm reoord will
also be collected. The first set of photographs of each transect will be taken during August 1995 and this

will establish the location of each photographic viewpoint. Subsequent photos

will utilize these same

locations, as well as camera settings, in order to maintain continuity in the photographic data assemblage.
Note that other photographic points or angles may also be added, as site conditions warrent.

It is planned that data will be collected twice each year for the first two years after installation-

probably in the Spring (April-May) and Fall (Oct.-Nov.).

2. Recording Rain Gauge-

WSMC is willing to install a recording rain gauge and data logger at the site for the next two
years, if the Division will commit to downloading the data on a regular basis (every one to two months)
and sending WSMC a copy on diskette. WSMC reserves the right to discontinue this portion of the
monitoring plan if, in its opinion, vandalism or other related equipment or monitoring costs render the

further collection of climate data unrealistic.

3. Establish Off-Site Erosional Monitoring Transects

WSMC will establish off-site erosional transects for monitoring purposes, that are comparable to
~ on-site conditions. These will be monitored by similar methods, and on a similar schedulg to the on-site

‘erosion transects.

Once these off-site transects are established, they will be marked in the ficld and the same
pertinent data that was submitted to the Division for the on-site transects, will be submitted. As

monitoring proceeds, additional transects may be added as appropriate.

Standard for Bond Release-

Upon the demonstrated establishment of Normal Erosion_  (as defined in the OSM document
entitled “Technical Note - Method for Evaluation of Erosion on Reclaimed Coal Lands in Western United
States” draff dated 12/5/90), WSMC will be eligible for release from site liability and surety bonding as
related to efosion control. It is understood that Natural Erosion (ibid.) will be determined by the data

developed from the off-site monitoring, and that the mine site will be evaluated as a whole.™

e i
Three documents are attached for reference: E

Addendum I~ Erosional Monitering Transects

Addendum H- OSM document entitled “Technical Note- Method for
Reclaimed Coal Lands in Western United States,” dated draft 12/5/90. i
[1

Addendum_ITI- Bamberg report entitled “Ecological Monitoring and?
Characterization,” dated August 1994.
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INTRODUCTION

Erosion is the wearlng away and deposition of the land surface by

moving water, wind, ice, or other geological agents, including such
processes as grav1tatlonal creép. As a natural geologic process,
it is a primary agent of geologic changé’ For - instance,

sedimentary rocks are a result of erosional: and dEPOSltlonal
processes. The Grand Canyon was created by erosion, most of the
croplands in the valleys of the Western States are on alluvium, the
results of the deposition of materials eroded in upstream areas.

Vegetation protects the soil, reducing its tendency to move under
the impact of falling raindrops, flowing water, and wind. Removal
of vegetation increases the rate of erosion above that under
natural conditions. This increased rate of erosion is called.
"accelerated erosion". Accelerated erosion occurs primarily as a
result of the activities of man. Accelerated erosion is
detrimental to the productivity of the land and water quality. It
often reduces the productivity of the land use and also increases
the sediments in the water courses and the flood plains.

Man cannot completely stop erosion, but his goal should be to keep
accelerated erosion to a minimum. If the rate of erosion is
greater than the rate of soil formation, the productivity of the
land will diminish and managing the soil on the basis of-sustained
yields will not be possible. Where accelerated erosion has been
excessive, remedial action must be taken to slow the rate to a
level approaching the natural situation. Land use and management
practices, which keep erosion losses at a natural rate, will not
only Kkeep the soils permanently productive, but they will also
maintain the natural quality of the water resources. - This will
benefit the aquatic and riparian plants and animals, as well as,
the terrestrial wildlife and domestic livestock. Land uses such
as grazing 1land, forestry, wildlife habitat, recreation, and
developed water resources can be maintained under a system which
controls erosion to a level that maintains a soil productivity.

In order tordetermine whether the extent of accelerated erosion on
the reclaimed lands is excessive, or within tolerance levels, it
is necessary to make an inventory of the degree of erosion that has

taken place. A prerequisite of the inventory ' is a system for
defining and classifying the degrees of erosion. The purposes of
this technical note are to: (1) present the erosion condition
classification system and (2) to give guldance for the inventory
procedures. ‘
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BACKGROUND

The Office of Surface Mining Reclamation and Enforcement (OSM) has
been inspecting reclaimed lands since 1978. One - of the
difficulties encountered by OSM inspectors has been evaluating -
erosion on mined lands reclaimed under the permanent regulatory ..
program. In issuing notice of violation (NOV), an inspector must . s
demonstrate that theélerosion on a reclaimed minesite is caused by =

ineffective methods for protection and stabilization of the soil
surface and, that®the erosion is disruptive to.the gss;mlnlng land
use or the reestabllshment of the vegetative cover @or that erosion
causes or contributes to the violation of water quallty standards
(30 CFR 816.95). The inspectors currently do not have 3 method For
determining when reclaimed areas are not adequately protected or

stabilized to control erosion, or when erosion is disruptive to the
postmining land use.

Under the Initial (or interim) Federal program, numerous notices
of violation had been issued for failure to control erosion, and
many of these had gone to hearing before an Administrative Law
Judge. Many of these cases have been lost due to 0SM's lack of
guantitative data to prove that vegetation was not addequate to
control erosion, or that erosion was disruptive of the postmining
land use (30 CFR 715.14(i)). The Solicitors representing OSM have
expressed the need for an established ‘procedure to be employed by
inspectors for evaluating the erosional condition on reclaimed
lands and determining disruption of the proposed postmining land

"l' use. _ .

B - The Bureau of Land Management (BLM) was required under the Federal
Land Policy and Management Act of 1976 (Public Law. 94-579)  to
inventory and evaluate the condition of public lands under its
control, BIM had developed an erosion inventory procedure for
evaluating the condition of watersheds. The inventory was utilized
to evaluate 2,264 watersheds which encompassed 135 million acres
of arid and semiarid lands in the western United States. The
procedure utilized numerical values describing the erosion
condition classes called soil surface factors (SSF). The factors
vary from a value of 1 to 100 and are obtained with an accuracy of
90% The procedure is currently being used by the BIM and has

, been incorporated into their Manuaras the standard procedure for

“evaluatin sional condition.
/

Many of the western mine lands are located in the watersheds that
‘'were evaluated by the BLM. These areas offer a premine comparison
with the postmine reclaimed erosion factors. However, a comparison
of premine with postmine erosional factors are not necessary to

determine the erosion condition classes. The adaptation 6Y"BLM'=
procedures have been slightly modified to be utlllﬂ

mine Tands- | INCORPORATED
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OBJECTIVES

The objectives of this technical note are: (1) to present a szstém
for classifying the erosional condition; (2) to provide guidance
on _a field method for measuring the erosional condition class for

‘a sample area; and, (3) to identify when reclamation efforts fail

to _adequately protect and stabilize the soil surface and, when
erosional conditions are disruptive to the approved postmining land
use. The classification system evaluates the condition 6f seven
specific erosional features. For example, the *degree of rilling
and gully is to be evaluated for every case where. water is the
dominant erosional agent and rills or gullies are present. Rilling
and gulling will .not be used in the evaluation of areas in which
wind is the dominant erosional agent. The use of this system
should result in a higher degree of accuracy of results between
individuals evaluating the same area, and a higher degree of

*uniformity in measured results for comparable conditions between

different areas.

Accuracy

>

Experience indicates that the accuracy of consistently estimating

the SSF for a given area on a general erosion inventory is +5 SSF
value. Some individuals are not able to reach this consistency and
may be +10 in their estimates without additional training.

Uses of Data

Some of the uses of these procedures are:

1. Erosion condition and/or trends can be detefmined.
2. ' The gully rating provides input to channel
characteristics.

3. Stabilization goals can be set for erosion control
prograns.

4. Present erosion activity can be evaluated by soil type,
management system, land treatment practice, and other
¢omparable conditions.

5. Through a system of "comparison areas" it is possible to
estimate erosion reduction potentials-with alternative
land management treatments. :

6. Estimates of sediment yield or soil -
determined on areas where no hydroel e momithok g
stations are available. E ﬂﬁ%ﬁg(@}iﬁk f§ﬁ§1ﬁgl)

‘E] EFFECTIVE:
7. Treatment effectiveness on changes in SS%TE can be made

| E OCT 65 1395
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for use in justifications statements.

. 8.

Problems

Input can be made into livestock grazing sultablllty
crlterla. :

Some of the problems experienced with the procedure are:

1. Accuracy.is not consistently closer than +5 SSF value.

2. Variations among individual field inspectors following
the procedure is commonly +5 SSF value.

3. Variations in the measured SSF value within a geographic

area may be +5 SSF value among small areas having the
same actual erosional activity.

IDENTIFICATION OF EROSTIONAL FEATURES

Seven indicators of soil movement are described and their
reliability for indicating soil loss (erosion) are explained. The

indicators are: (1) soil movement, (2) pedestalling, (3) surface
litter and organic mulch, (4) surface rock fragments, (5) flow
patterns, (6) rills, and (7) gullies. The qualitative

. approximation of soil movement due to erosion has- been proven to
be reasonably reliable.

Soil Movement

The real cause of soil movement on watersheds lies in soil
instability. Some of the factors affecting soil instability
are: (1) splash erosion, wind velocity; (2) soil texture,
structure, infiltration, and permeability; (3) slope gradient
and length; and (4) cover, such as vegetation, liter, mulch,
and stones. However, any reduction of cover, can accentuate
the natural soil instability.

Soil movement is most obvious during windstorms, heavy
rainstorms, sudden snowmelt or when intensive land uses (i.e.,
trampling by livestock) are occurring on loose soils. Dust
clouds and muddy stream runoff are examples of obvious soil

movement, but much of the soil movement occurs w1thout such
obvious signs.

A certain amount of soil movement is natural on most 1and
surfaces. However, soil movement is accelerated..if

mantle and parent material is disturbed to, eape,eﬁgigigﬁzfﬁzl)
in excess of those which occurred under | natfnalJcé e
:JA./ k A
A single feature of soil loss cannot be used to accurately
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n determine the erosion condition, it must be supported by
. B additional evidence. For example, soil movement alone is a
poor indicator of ecological trend. By the time erosion is
apparent, profound changes usually have taken place in cover,
or disturbance of the so0il mantle (as shown in Fig. 6).
Inadequate solil cover may be obvious as an indicator of
accelerated soil movement. Where ground cover is depleted to
less than the minimum density required to protect the soil
mantle, soil movement from relatively small areas may increase
at an accelerated rate. A fourfold increase in soil loss as
bulk density increases from 0.8 to 1.4 may occur if ground
cover 1is significantly decreased.

Oother indicators of unstable soil may be gullied drainageways
with active bank cutting and sediment deposition in water
bodies and at channel confluences.

Soil and litter (and mulch) movement on steeper slopes is
obvious when significant accumulations of soil and litter
material occur at lower levels. This churning changes the
's0il structure and contributes to subsequent soil dlsplacement
during wind or rainstorms.

Soil movement usually becomes more obvious as slope steepness
increases and occurs most readily when antecedent soil mixture
is very low or very high. However, two items may be necessary

. to minimize soil erosion: (1) a ground cover of at least 70
percent and, (2) a soil bulk density of 0.70 or less (Packer,
1961). ’ :

Lichen 1lines or breaks, are indicators of soil movement.
These lines appear if the surface soil has eroded around
stones and rocks covered with lichen. Since lichen only grows
on the above ground portion of stones and rocks, there will
be an abrupt, horizonal, break between lichen and rock area
that originally was below the soil surface. This may not
always be true on newly reclaimed sites where the soil had
recently been placed on the regraded spoil. Lichen growth
occurring from after reclamation should be used. 014 lichen
growth will show discoloration over time and will eventually
decay[

Lichen growth will keep pace with normal geoclogic erosion and
may slightly accelerate erosion. Pronounced lichen lines on
stones and rocks are reliable evidence of soil movement at a
moderate to severe rate. The space between the lichen llnes
and the present soil surface 1nd1cates
movement that has occurred.

INCORPORATED

Lichen lines are more obvious on elevP ed terr@iE_TBICh as

ridges, and terraces. They may not appear jon lower slgpe
areas where soil losses may be replaced by depoa&%i@g,@gss il
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or litter that has moved from farther upslope.

Caution: Frost heaving of stones and rocks may create
lichen lines, giving a false indication of soil losses.

Pedestalling

Pedestalling may be observed as small ‘soil pinnacles or
plains, which like miniature mesas, remain in position after

the soil between mesas has been eroded away.
Pedestals are formed under the protection of stones or
pebbles, residue, or vegetation that may consist of a single
plant or a small island of a plant community. The latter are
more positive indicators of pedestals than are single-~plants
because in certain soils single plants often are elevated on
a pedestal by frost heaving.

This indicator has value where a former soil surface can be
established by the uniform height of pedestals or islands.
Similarities of the soil layers in sections of surface soil
(including underlying overburden) materials of pedestals and
islands are excellent for establishing the reliability of this
erosional feature. The reliability is good where the soil
profile characteristics between the pedestals and islands
resemble the soil characteristics at the same depth within the
pedestals and islands. . o -

Elevated islands and pedestals may be caused jointly by
erosion and deposition, where a part of the eroded.area in the
locality may supply loose soil to be deposited by wind in
clumps of vegetation. The identification of aeolian deposits
is discussed under Flow Patterns (in Wind Erosion Prone
Areas). '

Soil pedestals under stones or litter are formed on some kinds
of soil by the impact of raindrops and sheet waterflow over
barren, adjacent areas. Where a pebble or stick protects the
soil from the impact of raindrops, the original soil under the
protecting object is retained, whereas the soil in bare areas
is churned by raindrop impacts and easily washes away.
Pedestals are also formed on certain soils where the soil ped
(a unit of soil structure) is resistant, whereas the soil
material in the fracture between peds is less cohesive and
susceptible to erosion. Close observation soon after the
storm usually is needed to denote these soil pedestals because
after a few hours or days of sunshine they may.cr

pedestals formed during a known period are q;q;§ﬁ§g~g e .sh :

erosion rate that has occurred. This ind@céfﬁk;ié&éﬁw/W% ED

valuable as convihcing evidence of current soiL¥fFEevEhent

during storms of moderate intensity or durationﬁ“ﬁﬁfﬁﬁ“may NoE
| ¥
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form gullies or alluvial deposits.

Frost heaving is common in many soils. Care must be exercised
to distinguish between so0il remnants that are solely the
result of erosion from those that are at least partially the
result of frost heaving. Distinguishing precisely how much
pedestal evaluation is due to heaving and how much to erosion
is difficult and probably impossible.

Frost heaving often occurs following 'decimation  of the
vegetational stand and organic ground covér between plants,
which in turn exposes the soil to the effects of pericdic low
air temperatures. With frost heaving, single plants elevated

on pedestals wusually characterize the vegetation. These
‘plants commonly are tilted; the crown is not horizontal as it

was when it grew as a part of a stable plant community.

The probability that frost heaving has occurred also can be
supported by the soil type. The following soils are highly
susceptible to frost heaving: .

(1) Clay subsoils fairly close to surface.

(2) Pumice (ash) soils.

(3) sSoils with greater than 3 percent of material
smaller than 0.02 mm.

(4) Soils of high silt (0.05-0.002 mm) and very’ fine
sandy (0.10-0.05 mm) if a soil water supply is
available. ‘ -

(5) Soils having a large capillary water capacity if
antecedent moisture is available to move to the
freezing point. (U.S. Department of Agriculture,
1971). :

Surface Litter and Organic Mulch

Litter and organic mulch movement on moderate to steeper
slopes is obvious when significant buildup of soil and litter
material have moved downslope and accumulated on the upslope
side of vegetation and rocks. This relocation of litter and
mulch reduces the soil moisture retention-pebential.-fzom

movemeht by rainstorms on the unprotected é@fBJsﬂrfW
Soil Movement). R 5

which they were removed and increase the potential wof ysqd
kentind Jgﬁy%gﬁggmp

T —

Surface Rock Fragments (Erosional Pavemenﬁ)

Surface rock fragments or erosion pavement being referred to

0CT 05 1995
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surface due to the moving of finer soil particles that

formerly surrounded them. This surface rééﬁLépbéa??ﬁﬁgmﬁb”"" ‘

normal if there is no truncated soil profile, and subsurface
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soll consists of altered rock fragments and parent material.
Surface rock relocation due to erosion is substantlated by
erosion indicators nearby.

Ccaution: Differentiate between eroded soils and soils
that naturally have a high gravel or cobble content in
the soil surface layers.

It is important to note that evenly distributed surface rock
effectively protects the soil surface and Slows soil movement.
If surface rock does not exceed 50 percent of ground cover,
it curtails evaporation, promotes greater moisture holding
capacity and reduces runoff velocity. It may have an effect
similar to vegetation in reducing erosion.

These are shallow basins varying from a few inches to several
feet across in bare soil between vegetated sites from which
wind has carried away fine soil particles. This wind action
is easily recognized by a residue of small pebbles or sand
particles that are too large to be transported by wind, and
that remain on the .scoured surface of the shallow ba51n.
Fresh scourlng by wind on the shallow basins appears as lines
etched in the soil surface paralleled by tiny streamlined
ridges of fine soil in the leeward side of obstructions
(vegetatlon, litter, pebbles).

: Caution: Do not confuse barren areas or disks caused by
. ant colonies with wind-scoured depressions. = A -
collection of sand particles is common and removal of
fine soil material by wind from ant disks. does occur.
Particles of coarse sand and pebbles will occur qulte
uniformly over a wind-scoured depression; whereas in an
. ant disks, coarse particles will be aggregated near the
center of ant habitation.

The material from wind-scoured depressions or basins is
transported to other areas to form aeolian deposits. These
deposits, known as dunes, mounds, or hummocks usually occur
adjacent to the eroded basin or within the eroding area.
Airborne material, because of air current patterns, may

occasionally be dumped on distant non-eroding areas such as
leewaFd slopes.

On a smaller scale, deposits may be observed on the leeward
side of plants or other obstructions. Such deposits consist
of fine, well-sorted soil particles. However, rodent activity
may have introduced coarse fragments to the 51te.

Depositional volume may be determined by cuttmng*“‘“é
section through a mound and the obstructlng'miterll
the original soil surface. A comparison. shou%d_

r

differentiate between the adjacent scoured ealwand thd
. | 00T 651995 | -
® : ] -

Uzsr Drvision O, Gas AND MINING




depoéition volume. Relative deposit age may be determined by . ..
decomposition rate or buried organic material (vegetation and

litter). In older deposits, it may be impossible to identify
buried vegetation (organic material).

Flow Patterns (in Areas Subiject to Water Erosion)

Soil materials that been dislodged,: transported and
redeposited over the watershed by water are known as alluvial
deposits. These deposits are easily discernible as 1little
fans at the end of small channels or behind obstructions in
channels (flow paths) where the velocity of runoff has been
reduced. They also may be formed as accumulations of soil
material or litter on the uphill side of obstructions on the
soil surface. As used in this inventory, they are referenced
as deposits on the site writeup area (inventory unit), not to
fans at major channel mouths.

Rills

Rills are small channels, less than 6 inches deep, which are
formed by flowing water. They are so small as to be
obliterated by surface soil disturbance or during soil
movement associated with weathering. The soil profile may be
gradually truncated by rilling. If obliterated, the next
storm will cause a new set of rills to form, and these in_turn
may be obliterated by excessive soil surface disturbance. A
high volume of soil can be moved in a short time frame by this
process. Often, '"sheet erosion" precedes rill erosion.

The presence of rills is an excellent indicator of current
erosional activity when evaluating change s Mrerosten—protieae Smmrmmmmr
by land management treatments. Rills | canlbe™ mez Tec ra
produce a quantitative estimate of soil ﬁ§§§giﬁy‘P“w %g&inED
Alutin Method (Hill and Kaiser, 1965). | = il
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Channels, called gullies, of greater th%n 6 inches in depth,

may be cut into the soil mantle by runoff. UVEH Pl G €hi Ave Mane
sample site generally will be tributaries.g intermittent or

permanent stream channels that continue outside of the Sanmple

Gullies

site delineation. An active gqully is easily detected by
unstable sidewalls with little or no vegetation or recent soil
loss by erosion. Active cutting, which is called "head-

cutting, ™ may be occurring at the channel head.

A healing gqully is easily detected by the reestablishment of

‘vegetation on the sidewall and reduction in soil loss in the

S



channel bottom and by the absence of head-cutting activity,:
i ~ A ,:_-,"_é‘

A rill enlarges into a gqully if repeated cutting and
entrenchment occurs. Negligible channel blockage or filling
occurs with soil movement during storm runoff.

CLASSIFICATION SYSTEM

For the past ten years, BLM has used this classification system for
erosion condition inventory work. This system was developed so
that it is easily understood by range conservationists, foresters,
wildlife and fishery biologists, botanists, - recreational
specialists, hydrologists and soil scientists.

There are five erosion classes: stable, slight, moderate, critical
and severe. Erosion classes of critical and severe are considered
disruptive of all land uses (as defined under 30 CFR 701.5). The
moderate erosion class is considered to be disruptive only to the
forestry and cropland uses. Erosion classes stable and slight are
not considered disruptive of any land uses. Accelerated erosion
results in lower erosional condition classes. - When - erosion is
disruptive to the land ‘use, it is considered to have be an
accelerated erosion.

Field observations are made visually on seven surface features that
are visibly affected by recent wind and water erosional activity:
.areas of soil movement, surface litter, surface rock fragments,
pedestalling, flow patterns, rills, and gqullies. These field
chservations are recorded on a specially designed field sheet. All
of the features are not expected to be present on all sites. For
example, in certain situations surface rock fragments may not be
potentially present. When this occurs, adjustments are made as
indicated in Illustrations 1 through 3.° While observing these
features, the total area to be represented must be Kept in mind,
as significant variation may occur within the area.

The meaning of terms used in this procedure may not be the same to
all of us. To assist you in understanding the procedure, these
terms are defined in Appendix 1, Glossary of Terms.

Procedure
! . .
The procedﬁre for determining the erosional condition and potential
adverse impacts to postmining land uses consist of six steps: 1.
Determine the site writeup area (SWA) for the erosion inventory;
2. Determine if each of the seven erosional features is present;
3. Determine an average condition for each of the seven erosional
features that exist in SWA; 4. For those features present, the
description should be reviewed and a numerical VAIGUE™3
indicated on the field sheet; 5. Total both the

and the potential values for each erosional feature 1pkg§ﬂ§§gzon

the field sheet, and calculate the percentage of the ?até§4~

10 00T €5 1895
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value to potential values to determine the soil surface factor .
(SSF); and, 6. Determine the erosional condition class using the
SSF and the chart on the bottom of the field sheet and determine
if the erosion on the SWA is potentially disruptive of the
postmining land use. .

The following is a detailed discussion of each of the six steps for
determining the erosional condition and potential adverse:. impacts
to postmining land uses: it '

1. Determine the site writeup area for the erosion inventory.
This may vary from a general erosion inventory on a large area
(i.e., watershed, bond release areas, etc.), to a specific
erosion inventory on a small area of localized erosion. The
inventory may be applied to areas less than an acre to several
hundred acres. The inspector conducting the inventory needs
to decide the 1limits of the area to be sampled. It is
necessary to stratify the inventory area into homogeneocus
units--called site writeup areas-the basic unit for collecting
data on the vegetation and soil resources. Stratification is
necessary since the areas of concern are those areas. currently
eroding. : ’

The stratified SWA (site writeup area) sampling technigque may
be delineated by slope (e.q. 10%, 1:4, etc.), aspect (east,
west, north, south, etc.), soils (e.q. texture), vegetative
cover, or drainage area within a reclaimed area. Sufficient
area must be included in the SWA to represent the problem
area. For example, a 50 yard section of an east facing aspect
of a slope of 4 horizontal to 1 vertical is showing signs of
erosion activity. Areas both north and south of this eroded
section have fewer signs of erosion activity. Upon observing
the entire aspect it is discovered that the eroding section
has ‘a sandy textured soil, while adjacent to this area, the
soil texture is a clay-loam. In this case, the SWA would
include only the area having sandy soil.

Frequently, accelerated erosion results in lower vegetative
cover and productivity. However, not all areas with 1low
vegetative cover and productivity are a result of accelerated
erosion. Other surface features that indicate water erosion
activity must be present to diagnose accelerated erosion.

The inspector that encounters a reclaimed area that displays
any of the seven surface conditions or features that are
effects of water erosion activity, must first evaluate the
size of the area affected. The perimeter of the area should
be staked on the ground for future reference and photographs

taken to document the location and condition d“fg;gﬁgqpﬁy;;h;n ‘
Lpointwheré BD

the SWA. One photograph should be taken; from{
the entire SWA will be included in the photpgraphys{if
possible). Also, photographs showing exanples~ of—tirg

11 B 0CT €5 1995

Usax Brvision O1L, Gas AND MINING




erosional features should be taken which includes a measuring
scale such as a ruler, tape measure, or a ball-point pen.
Position from which photographs are taken on the ground should
be marked with a stake labeled as a photo point, indicating
the direction the photo was taken (ie. north south, east,
west), the date, and the individual conducting the inventory.
The inspector's notes should also include this information.

2, Determine if each of the seven erosional features is
potentially present. There seven erosional feature evaluated
in this inventory: 1. Soil movement; 2. Surface litter and
organic mulch movement; 3. Surface rock fragment; 4. Flow
patterns; 5. Pedestals; 6. Rills; and, 7. Gullies. Any
combination of these features can exist on the same SWA.
Where the potential for an erosional feature (e.g., rock"
fragments) does not exist, those erosional features are not
a valid factor to consider in the evaluation, as shown in
Illustration 2 and 3. Only those features that exist in the
SWA should be considered. '

3. Determine an average condition for each of the seven erosional
 features that exist in sSwa. The degree of erosion, as
manifested by each of the seven erosional features, is
assigned a numerical score ranging between 0 and 14 for all
features, except flow pattern and gullies, which have a range
of 0 to 15. Two of the features were assigned a maximum score
_ of 15 simply to give a maximum composite score of 100 for all
‘ ’ seven features. These numerical scores are called .soil
surface factor (SSF) values. When used for all the erosional
features evaluated together for a SWA, they are called
composite SSF values. These are shown on Table 1, along with

the potential weighted value assigned to each feature.

4. For those features observed, the description of the degree of
erosion should be reviewed and a numerical value should be
indicated on the field sheet. Tables 2 through 8 indicate
five magnitudes of erosion activity within each of the seven
items.

The total range of SSF values of 0 to 14, or 0 to 15, is

divided into five more or less equal classes to conform with
the filve erosion condition classes.

EFFECTIVE:

DT
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‘ ' _ Table 1. Determining Erosion Condition Class.
Erosional Features > Potential Weighted Valﬁe
Soil Movement : - 14
Surface Litter . et 14
Surface Rock Fragments v 14
Pedestalling L 14
Flow Patterns 15
Rills ' 14
Gullies 15
TOTAL: 100
Table 2. Classes for Degree of Recent Soil Movement.
SSF
Class Description Values -
. Stable Depth of recent deposits around - Oli 2 3
. : obstacles, or in microterraces; : i
- and/or depth of truncated areas, is
between 0 and .1 in. (0 to 2.5 mm).
Slight Depth of recent deposits around : .45
-obstacles, or in microterraces;
and/or depth of truncated areas, is
between .1 and .2 in. (2.5 to 5 mm).
Moderate Depth of recent deposits around ' 6 7 8
obstacles, or in microterraces;
and/or depth of truncated areas, is
between .2 and .4 in. (5 to 10 mm).
Critical [ Depth of recent deposits around 9 10 11
! obstacles, or in microterraces:
and/or depth of truncated areas, is
between .4 and .8 in. (10 to 20. mm).
Severe Depth of recent‘deposits around 12 13 14

obstacles, or in microterraces;.....
and/or depth of truncated ATASyr ™\ 1) T
is over .8 in. (20 mm). ﬁ NOOR] LKWTK%&T?ZE)

L
1L
T

A
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Table 3. _Classes for Degree of Surface Litter Movement.lx*

Class

Description

SSF
Values .

Stable

Slight

Moderate

Critical

Severe

No movement, or if present,'Iéss
than 2 percent of the litter has

been translocated and redeposited .

against obstacles.

Between 2 and 10 percent of the
litter has been translocated and
redeposited against obstacles.

Between 10 and 25 percent of the
litter has been translocated and
redeposited against obstacles, or
removed from the area. :

Between 25 and 50 percent of the
litter has been translocated and
redeposited against obstacles, or
removed from the area.

More than 50 percent of the litter

has been translocated and redepos-
ited against obstacles, or removed
from the area.

. 0123

9 10 11

- 12 13 14

L ' ’ :
** Use judgement on surface litter movement when evaluating low
vegetative production sites, as litter may be accumulating in
pPlace and very little is evident.

1

Surface litter includes organic mulch.

ORATED
CTIVE:;
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Table 4.
Disturbancex*

Classes for Degree of Surface Rock Fragment

Class

- Description

A SSF
Values

Stable

Slight

Moderate

Critical

Severe

Depth of so0il removal around the
and/or depth of recent
deposits around the fragments is

less than

fragments,
(2.5 mm).

Depth of so0il removal around the
fragments, and/or depth or recent
deposits around the fragments is
between .1 and .2 in. (2.5 to 5 mm) .

Depth of soil removal around the
fragments, and/or depth of recent
deposits around the fragments is
between .2 and (10 to 20 mm).
- Depth of soil removal around the
fragments, and/or depth or recent
"deposits around the fragments is ‘
between .4 and .8 in. (10 to 20 mm). °
Depth of soil removal around the
fragments, and/or depth of recent
deposits around the fragments is
(20 mm) .

6 7 8
- 91011

12 13 14

* Surface rock fragment disturbance is not evaluated
are more than 40 in.

of the ﬁurface area.

where® they
(1 m.) apart or cover less than 0.2 percent

HCTIVE:
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Table 5. Classes for Degree of Pedestalling.*

Class

Description

'R

 SSF
© Values .

Stable

Slight

Moderate

Critical

' Severe

Pedestals are mostly less than -

.1 in. (2.5 mm) high and 1 or
less frequent than 2 pedestals
per 100 sg. ft.

Pedestals are mostly between .1
to .3 in. (2.5 to 8 mm) high,
and/or have a frequency of 2
to 5 pedestals per 100 sq. ft.

Pedestals are mostly between .3
to .6 in. (8 to 15 mm) high,
and/or have a frequency of 5§
to 7 pedestals per 100 sg. ft.

Pedestals are mostly between .6
to 1 in. (15 to 25 mm) high,
and/or have a frequency of 7

to 10 pedestals per 100 sq. ft.

Pedestals are mostly over 1 in.
(25 mm) high, and/or have a
frequency of over 10 pedestals

- per 100 sqgq. ft.

0123

10 11

© 12 13 14

* Pedestals due to erosion are not to be confused with those
caused by frost-heaving. Examination of the roots and crowns of
vegetation will assist in this determination. o
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. : . Table 6. Classes for Degree of Flow Pattern DeVelopment.

| SSF
" Class . : Description _ Values

Stable None, or if present, less than 2 - 0123
percent of the surface area shows

evidence of recent translocation
“and deposition of soil and litter?.

‘Slight - Between 2 and 10 percent of the 4 5 6
. surface area shows evidence of
recent translocation and deposi-
tion of scil and litter.

Moderate Between 10 and 25 percent of the , 07 8 9
‘ surface area shows evidence of
recent translocation and dep051-
tion of soil and litter.

Critical Between 25 and 50 percent of the 10 11 12
. : — surface area shows evidence of : -
‘ ' o recent translocation and deposi-
tion of soil and litter.

Severe Over 50 percent of the surface 13 14 15
. area shows evidence of recent
translocation and deposition of
soil and litter.

CCT €5 1995

* Litter include organic mulch.
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Table 7.

Classes for Frequency and Distribution of Rills -

Class

Description

SSF
.Values

Stable

~Slight
Moderate
Critical

Severe

Rills,
than .5 in.

if present, are mostly less
(13 mm) deep, and

generally at infrequent intervals

over 10 ft.

Rills are mostly .5 to 1 in. (13
to 25 mm) deep, and generally at
infrequent intervals over 10 ft

Rills are mostly 1 to 1.5 in.
(25 to 38 mm) deep, and at 10 ft.

intervals.

Rills are mostly 1.5 to 3 in.
(38 to 76 mm) deep; and at

intervals of 5 to 10 ft.

Rills are mostly 3 to 9 in. (76
to 229 mm) deep, and at intervals
.0f less than 5 ft.

0123

10 11 12

13 14

See Illustration 3 for calculatlon of 8SF

for rills.

18

if there is no potential

G

|
|
|

of €5 1895 /

= irisioN O, Gas AND MINING




Classes for Frequency and Distribution of Gullies

Class

Description

SSF .

Values

‘Stable

Slight

Moderate

Critical ®

‘Severe

No gullies, or if present, less
than 2 percent of the channel bed
and walls show active erosion (are
not vegetated) along their length,
and/or gullies make up less than

2 percent of the total area.

Between 2 and 5 percent of the
channel bed and walls show active
erosion (are not vegetated) along
their length, and/or gullies make
up between 2 and 5 percent of the
total area. - N

Between 5 and 10 percent of the

channel bed and walls show active
erosion (are not vegetated) along
their length, and/or gullies make

up between 5 and 10 percent of the

total area.

Between 10 and 50 percent of the
channel bed and walls show active
erosion (are not vegetated) along
their length, and/or gqullies make
up between 10 and 50 percent of
the total area.

Over 50 percent of the channel bed
and walls show active erosion (are
not vegetated) along their length,
and/or gullies make up over 50
percent of the total area.

012 3

7 89

10 11 12

13 14 15

If gullies are not potentially present, deduct 15 TEEIRG BOIATE

FORATED

~from a possible value of 100 (shown in Illustraticn
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Table 9. Erosion Condition Classes and Soil Surface Factors.

Class Soil Surface Factor
Stable _ 1 - 20 :
Slight ' 21 - 40 :
Moderate _ 41 - 60
Critical 61 - 80
Severe : 81 - 100
5. Total both the observed values and the poténtiél.Values for

each erosional feature indicated on the field sheet, and
calculate the percentage of the total observed value relative
to the potential values to determine the soil surface factor

, (SSF) . This becomes the numerical expression of erosion
- activity and is a unitless number which indicates the
. percentage of the total potential erosion activity. No

attempt is made to differentiate between accelerated or
natural erosion activity.

A classification system has been developed to separate the
degree of erosion into five erosion condition classes. Table
9 shows the relation of numerical values (SSF's) to one of the
erosion condition classes. ‘

Tables 2 through 8 provide a narrative descriptions having
similar meaning throughout the Western States. Table 9
summarizes these narrative descriptions into universal classes
of erosion condition. If the procedure is used properly and
an individual says he has a moderate erosion condition class
on the Powder River Basin of Montana, anyone familiar with
moderate erosion in Arizona will understand what he is
describing. Without this or a similar procedure, an
individual using a term like slight or critical erosion will
likely be the only one who really knows what he is describing.

6. Determine the erosional condition class using the SSF and the

chart on the bottom of the field sheet and QAeEErMIHEIT T
erosion on the SWA is potentially disruptivqEnﬁ(/”i“yﬁfﬁfi%%” 3
land use. The field sheet has a chart at'tﬁé}g;jﬁigﬁgﬁ; ﬂgzl)
first page that converts the SSF into erosional . ' coh 1

gt
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~class (i.e., stable, slight, moderate, critical, or severe)ﬁ

The erosion condition class then can be used to determine if
the erosion on the SWA is potentially disruptive of the-

postmining land use (i.e., moderate is disruptive to cropland

and forestry land uses, and critical and severe are disruptive

to all land uses).

Field Sheet

Field sheet (Figure 1) is utilized to providéJihe field inspector

"with information needed to compute the SSF as a basis for

estimating erosion condition class.
Examples

Three examples, Illustrations 1 through 3, have been prepared to
help demonstrate how to determine the SSF representing a given
area. Each example has a rating for soil movement, surface litter,
pedestalling, and flow patterns. 1In addition, for Illustration 1,
the area has surface rock fragments and a potential for rill and
gully formation. 1In Illustration 2, the area has gullies, but no
potential for surface rock fragments or rill formation. For
Illustration 3, the area has no potential for surface rock
fragments, or for rill or gully formation.

When water is the dominant erosional agent, and rills and/or
gullies are absent, the factors are given a value of zero, but are
included in the calculation of the composite value for degree of
erosional activity. ’ ’

When all seven potential erosional features are measured for an
area, the sum of the observed SSF values for all seven features is
divided by 100 (the sum of the seven potential erosional features),
and that quotient is multiplied by 100 to express the composite SSF
values on a percentage basis. One hundred is wused in the
denominator of the fraction in this equation simply because it is
the maximum SSF sum obtainable in this method. Therefore, as shown
in Illustration 1, when all seven features are evaluated the
composite SSF value is equal to the sum of the individual SSF
values. The numerical value for the composite SSF value of 50
obtained for example one, in Illustration 1, puts that area in the
moderate efosion condition class which is defined by SSF composite
value limits between 41 and 60. If the postmining land use is
cropland or forestry, the erosion condition is disruptive to the
postmining land use, which is in violation of 30 CFR 816.95.
However, the erosion condition is not disruptive to other land uses
(e.g., grazingland, fish and wildlife habitat, industrial and

commercial, etc.) defined under 30 CFR 701, 5 0 TR LA O Ol 8 Sy

should be monitored by the inspector over the neg FRRYTHOT Tam 1
precipitation period (rainy season) to dete&&éﬁ§5§ﬁf %éﬁ%gggjﬁgﬂ)
condition is not deteriorating. ¥ A LAY :
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OFFICE OF SURFACE MINING RECLAMATION AND ENFORCEMENT
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In examples two and three shown in Illustrations 2 and 3, fewer
than the maximum of seven erosional features were represented in
the areas and, therefore, could not be measured. When such is the
case, the composite SSF value is calculated by dividing the sum of
the SSF values of those features actually measured by the sum
maximum possible SSF values, and multiplying that gquotient by 100.
By this method the composite SSF value for example two is 33, which
places the area in the middle portion of the slight. erosion
condition class whose limits are between 21 and 40. Had the sum
of the SSF values divided by 100 instead of 72, the composite SSF
value would have been 24, and the area would have been classified
as more stabilized. . Likewise, for example 3, the:. composite SSF
value is 66 based on the exclusion. of the three features not
measured, whereas it would have only been 37 if the sum of the SSF
values for the four items measured would have been divided by 100.

Example 2, a composite SSF value of 33 is not disruptive to any
postmining land uses, while Example 3, a composite value of 66 is
disruptive to all postmining land uses. :

Illustration 1. Computation of SSF with All Potential Items.

' . EXAMPLE ONE* _

EROSIONAL FEATﬁRE POTENTIALLY IDENTIFIED POSSIBLE

. PRESENT FAC‘I’QRS FACTOR
Soil Movement Yes 11 | -14'
Surface Litter Yes 8 . T 14
Surface gock Fragments Yes 8 14
Pedestalling Yes 11 14
Flow Patterns Yes 12 15
" Rills | Yes 0 14
Gullies Yes 0 15
TOTAL ] 50 100

Total SSF . 50 : .
. 100 x 100 = 50

* Example one represents an area where all séigqﬁgro§;gqg£‘fgaﬁﬁﬂﬁf'
are potentially present. (Example one is shognhﬁﬁ@ﬂCBﬁﬁ%ﬁzgaékij[)
! HOTT e . ‘

VE

Note: Surface litter includes organic mulch |
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Illustration 2. Computation of SSF with No Surface
Rock Fragments or Rill Potential.

| EXAMPLE TWO**

EROSIONAL FEATURE - POTENTIALLY IDENTIFIED . POSSIBLE

: PRESENT FACTORS - FACTOR

Soil Movement Yes ' ..:13 o | 14
Surface Litter Yes 6 14
Surface Rock Fragments ~ No - -
Pedestalling Yes ‘ 6 14
Flow Patterns Yes 6 15
Rills : ' No - -
Gullies » . Yes 3 o 15
TOTAL B 24 72

. Total SSF o _2a :
: 72 x 100 = 33 -

**xExample two represents erosion developed on vast alluvial'fan
containing no surface rock fragments or probability for rills.
(Figure 3 is the example area.)

Note Surface litter includes organic mulch

@ | *




Illustration 3. Computation of SSF with No Su

rface Rock'?lff} 

Fragments, Rills, or Gully Potential.
EXAMPLE THREE*#*+*
EROSIONAL FEATURE POTENTIALLY IDENTIFIED - POSSIBLE
PRESENT -FAQTORS FACTOR
Soil Movement Yes | l@' 14
Surface Litter Yes 8 14
Surface Rock Fragments No - -
Pedestalling Yes 6 14
- Flow Patterns Yes 9 14
Rills No - -~
Gullies No - -
TOTAL 37 , 56
Total SSF 37 -
56 x 100 = 66

*** Example three represents a soil vwhe
eroding agent and no surface rock fragm

(See figure 4).

Note: Surface litter includes organic mulch

25
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SUMMARY

The objectives of this technical note were: (1) to present a
system for classifying the erosional condition; (2) to provide

guidance on a field method for measuring the erosional condition
class for a sample area; and, (3) to identify when reclamation
efforts fail to adequately protect and stabilize the soil surface
and, when erosiocnal conditions are disruptive to the "approved
postmining land use. The classification system evaluates the

condition of seven specific erosional features. These features
include:

1. Soil movement

2. Surface litter (and organic mulch) movement

3. Surface rock fragment disturbance

4. Flow pattern development

5. Pedestalling

6. Rilling

7. Gully

»

The use of this system should provide the inspectors with a
evaluation method that has a high degree of accuracy of results
between individuals evaluating the same area, and a high degree of

uniformity in measured results for comparable conditions between
different areas. '
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. APPENDIX 1. Glossary of Terms.

- 'aeolian or eolian: Pertaining to deposits such as loess and dune
- sand, eroded from sedimentary structures such as sandstone, or
other erosion and deposition accomplished by wind.

~ antecedent moisture condition (AMC): Amount of soil moisture at
the storm beginning. ’ e :

bare ground: All land surface that is not covered by vegetation,
litter, gravel, cobbles, stones or rock outcrop.

bulk density: (Of a soil). The oven-dry weight of measured volume
of soil including pore spaces. Expressed in grams per cubic
centimeter.

cover: Material covering soil and providing protection from, or
resistance to, the impact of raindrops and the energy of overland
flow. Expressed in percent of the area covered. Composed of
vegetation, litter, gravel, cobbles, stones and rock outérop, which
are lying on or within 20 feet or the ground surface.

erosion: Wearing away of land surface by running water, wind, ice,
or other geologic agents. Includes such processes as gravitational
creep, detachment and movement of soil or rock by water, wind, ice,

‘ or gravity. .

accelerated erosion: Primarily as result of influence of
man's activities or, in some cases, of animals.

erosion pavement: Layer of coarse fragments ‘of gravel angd
cobbles on ground surface remaining after removal of fine
particles by erosion.

‘erosion condition class: Condition or grouping of erosion
conditions based on degree of erosion or on characteristic
erosion patterns applied to total erosion situation. No
attempt is made to differentiate among accelerated, normal,
natural, or geological erosion. Five classes are recognized
(stable, slight, moderate, critical, and severe). Water and
wind erosion are both considered. .

geologic erosion: Normal or natural erosion caused by
geologic processes. (See natural erosion.) :

T

i A
n ov i . renmoves T Ai?e#
narrow channels and, er short periods, removes Vi 5D
v . EX0
chdS: to

gully erosion: Erosion process whereby Wat?ﬁiﬁﬁﬁymﬁgﬁﬁ%ﬁA'
“. o 3 )/ U

narrow area to considerable depths, ranging form.
as much as 75 to 100 feet. :

| | 00T 05 100c
natural erosion: Wearing away of earth's surligélbg5ﬁ%ﬁgr,

[
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ice, or other natural agents under natural environmental
conditions of climate or vegetation, undisturbed by man.
Synonymous with geologic erosion. N

normal erosion: Gradual erosion of land used by man which . -
does not greatly exceed natural erosion and is not greater
than the rate of formation of the soil mantle by natural
weathering processes, ' :

rill erosion: Erosion process in which small chanhels of less
than 9 inches are formed. i '

sheet erosion: Removal of a fairly uniform layer of soil from
land surface by runoff water flowing in a sheet instead of in
defined channels.

splash erosion: Spattering of small soil particles caused by
impact of raindrops on soils. Loosened and spattered:

particles may or may not be subsequently transported by
surface runoff. .

flow patterns: Arrangement of soil particleé, surface litter,
coarse rock fragments, and pedestals which reflect surface-water
flow or wind movement.

gullies: Distinction between gullies and rills is depth. Gullies
are over six inches deep. A gully is a channel or miniature valley
cut into soil mantle by concentrated runoff through which water
only flows during and (immediately after) rains or during snowmelt.

infiltration: Water passage into soil surface.

litter: Organic debris composed of freshly fallen or slightly
decomposéd organic materials. Includes all undecomposed dead
organic matter (including organic mulch) either 1lying on .the
surface or standing within 20 feet of ground surface. Litter
includes lichens and moss less than 1/16 inch thick unless they are
growing on rock fragments or rock outcrop.

microterraces: Small terraces that form within the erosional
feature.

p
l y *

overland flow: Rain water or snowmelt over land surface toward

channels.

pedestalling: The process of forming a small elevated piané by the
erosion of adjacent areas form around an object. Does not pertain

to pedestals.created by heaving from frost action

LR !
rills: Small, intermittent watercourse in sbi&bﬁaﬁt}, >Q
or less than nine inches deep with steep sides.. It 'n

obliterated easily by surface disturbance or'slighg soil movemedt
’ B CCT £5 1285
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associated with weathering. Yet in the process the soil profile

" is gradually truncated.

scour: To abrade and wear away; the wearing away of terraces, -

diversion channels, or streambeds.

flowing water in a stream at a-specified cross section.

sediment load: Total sediment, including bedload, being moved by

soil movement: Displaces of the soil mantle.bﬁ.water, wind, ice,
gravity, or land use. :

-soi) surface factor (SSF): Numerical expression of surface erosion
activity caused by wind and water as reflected by so0il movement,
surface 1litter, erosion pavement, pedestalling, 1rills, flow
patterns, and gullies. Values vary form 0 for stable erosion
condition to 100 for a severe condition.

surface 1litter: Nondecomposed dead organic matter. (including
organic mulch) lying on ground surface or near enough’'to it to be
affected by water or wind acting on eroding surface.

surface rock fragments: Rock fragments of all sizes lying on or
in soil surface; those of primary c¢oncern are small enough to

reflect movement by water and wind. Includes gravel, cobbles, and
stones. '

truncated areas: Having lost all or part of the upper soil
horizon(s) or topsoil.

vegetation: Includes all living vegetation within 20 feet of the

ground surface, such as the canopy of trees and shrubs, and
lichens and moss, more than 1/16 inch thick and only the basal area
of grasses and forbs. All 1live organic floral materials,

regardless of form, are to be grouped into vegetation; exceptions
to this are the lichens and mosses that are growing on rocks. For
the purpose of this survey if the 1lichens and/or moss has not
accumulated a thickness in excess of 1/16 inch, it should be
recorded as rock fragments. Lichens and moss on bare ground having
a thickness less than 1/16 inch should be recorded as litter rather
than vegetation.
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1.0 INTRODUCTION

The J.B. King Mine is a reclaimed underground coal mine located approximately 10 linear miles south
of the town of Emery in Emery County, Utah in Range 6 East, Township 23 South, Section 32, SLBM.
The 1.B. King coal mine, reclaimed by Western States Minerals Corporation (WSMO), is in its eighth
year of reclamation bonding. Reclamation and revegetation of the approxmately thlrty acre site was
initiated in the fall of 1985, and the fonowmg spring, 1986, shrub were transp]anted into the area. The
site has been periodically monitored since 1986 for vegetation cover and densxty, and site conditions.

This monitoring has allowed the conditions and trends in the vegetation to be assessed.

There have been recent Notices of Violation (NOVs) issued by the Utah Division of Qil, Gas, and Mining
(Division) that cited failure to minimize erosion and properly construct ditches. These types of conditions
have occurred repeatedly in the past, and WSMC has instituted corrective measu;é.and rebuilt and
installed control structures. These measures and reconstructions have, in general, not controlled the
erosion processes on site resulting in a perpetuation of numerous NOVs by the Division. Recent NOVs
have been issued concerning a perceived lack of revegetation success as it relates to erosion control and

: . the size and extent of areas bare of vegetation.

The specific concerns on the site expressed by the Division are: (1) areas with uncovered coal refuse or
having limited cover of soil on the top of the refuse pile (this was left at the request of the Division as
a revegetation test plot), (2) rate of erosion on the sides of the refuse pile, and (3) low vegetative cover
on small, local areas of the site. These conditions were detailed in a series of NOVs issued by the

Division.

There has been a need to reassess the erosion control and related revegetation conditions experienced at
the J.B. King _]CIine during the last several years to analyze for trends and ecological conditions. This
analysis needed to be done both on the site and in the immediate areas surrounding the site to develop
a full understanding of the trends and conditions. Vegetation has been monitored four times on the site

during the past five years (1989, and 1990 through 1993) as required by Utah regulations ‘and because

be H p& D

for proposed modifications on the site relating to erosion control and veoetatlon ﬂh%meo@ent
| R
Consultants, 1992; Hansen Allen & Luce, 1994). : :{
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The criteria in the present reclamation standards and general requirements being used for determining
success on the site does not account for site specific and regional environmental conditions. The general
requirements in R645-301-353.140 state that "The vegetative cover will be: ....diverse, effective, and
permanent; and ....capable of stabilizing the soil surface from erosion”. In this arid region, vegetation
does ot stabilize the soil surface. In addition, "diverse, effective, agd,_nérmanent" are nd‘r:x-speciﬁc and
subject to interpretation. There are no standards for erosion control"‘;fi:xcept that'sedhiment control
measures will minimize erosion to the extent possible (R645-301-742.1 13).' The;performance standards

for reclamation may not be appropriate for conditions in this arid region with high rates of erosion and

low vegetation cover.

Western States Mineral’s proposed solution is to determine if ecological and erosional factors on the site
are in balance with the natural environmental conditions. To determine thxs it was, necessary to learn
these factors and how they interrelate on the natural surrounding landscape These can then be applied
to conditions on the reclaxmed mine site. The landscape patterns and scale for vegetation in the arid
western US are related to regional and local climate, topographic, and other environmental factors
: (Carlile, et.al., 1989). Methods have been developed for examining landscape and ecological scale
. " (Cullinan and Thomas, 1992; Simmons, et al., 1992). -
The objective of the present monitoring study was to determine the ecological relatibnships of biological

and erosional factors on the site and in nearby areas of similar topographic position. The approach was

to measure biological conditions and environmental factors concurrently on the same areas. This study

was designed to provided information on the general regional and site specific factors of the climatic and
geomorphologic processes that affect vegetation establishment and erosion rates. A detailed site and
surrounding area reconnaissance and observational surveys were followed by linear transects of quantita-

tive plot survegs. The linear transect and plot design allowed adequate amounts of data for statistical

analysis to be. collected from each topographic position. The data was then statistically analyzed for

ecological relationships. This information was to determine if site specific biological. conditions have a

predictor value for vegetation on site. WSM also is proposing use thxs techmque to comply with

LT ey

reclamation standards, criteria, and stipulations for erosion and veoetatloJa 0 /)B, [3_;
\\ " \ N1

report presents results of the ecological monitoring and in addition a§sessed site an

ecological conditions.
. | QCT €5 1995
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2.0 REGIONAL AND SITE CHARACTERISTICS '

This section was abstracted from an earlier report on erosion and topographic characteristics at the J.B.
King site (RA Consultants, 1992). The J.B. King reclaimed site is located in the western Canyonlands
section of the Colorado Plateau in central Utah on the western edge of the San Rafael Swell and the
eastern edge of High Plateaus section at the southern end of the Coal Cﬁffs.

2.1 Regional Setting

This bart of the Colorado Plateau is characterized by many high plateaus that are drained by the Green
and Colorado Rivers. On the Colorado Plateau, the distinguishing features are elevated plateaus underlain
by near-horizontal bedrock weathered into a stepped landscape with many cliffs and escarpments separated
by Qide gentle slopes as a result of differential weathering (Morrison 1991). In the Canyonland section,
the easily eroded Cretaceous shales and sandstones are cut into canyons in..ﬂat-lying':'older strata. This
region is well known historically for the great significance of erosion in créating the unique topography
and landforms of this area. Much of the sediment produced by mass wasting of landslides and
mechanical weathering in source areas has been transported and result in aggradation of downstream
valleys. Differential weathering of different strata has produced scarps that retreat by rockfall and slab-
failure processes. Natural coal seams are common throughout the area. :
This intermountain region has a continental type climate with warm summers and céld winters and wide
contrasts and fluctuations in temperature and moisture. The climate is semiarid with averages of 6 to 16
inches of annual precipitation and a range of 45 to 55° F average annual temperature. The area is subject
to "summer monsoon” type thunderstorms, winter frontal storms as snow or rain, and is noted for the
intensity of the summer rainfall. Vegetation in the central and northern section is a shrub-grassland at
lower elevation grading into pinyon-juniper woodlands on intermediate areas with coniferous forests at

higher elevatiofis.

Studies on the Colorado Plateau stress the importance of erosion process and the denudation of an area

subject to widespread erosion and sediment transport. The main temporal actions in the e'rosion cycle

)

are: : b J N
N

¢ loosening or detachment of particles by weathering to prociuce sedlmen
¢ water detachment of particle by rain splash, impact or shear

! CCT €5 1395
¢ infiltration followed by runoff J )
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lateral movement by sheet erosion
rill (<8") and gully (> 8") formation

sediment transport and downslope movement
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¢ deposition in an aggradation zone

The dehvery rate is equal to the yield of sediment production divided by tfxe erosion rate Unconsohdated
sediment is subject to detachment and will be transported at the first oppertumty

Numerous exposed coal seams outcrop in this "Coal Cliffs" portion of the Plateau, and are a part of the
natural environment. These coal seams vary in thickness but are generally exposed at the base of shale )
slopes and are easily erodible. Coal material is naturally part of the sediment production, and is
.transported and deposited in drainage and alluvial materials. Some local plant species are adapted to

grow in this material and are common. Coal exposed at the surface has been weathered and altered by
microbial action, mainly fungus. ' -

N 2.2. Specific Characteristics on the J.B. King Site. |

‘ The J.B. King Mine is located along the eastern edge of the Dog Valley Wash at 6240 to 6375 feet
elevation. The area and vicinity of the site has the typical continental climate and receives about 8-10

inches annual precipitation with intense summer thunderstorms. The site forms a northwestern-facing
amphitheater with resistant sandstone cliffs around an eroded alcove formed on Manc;os Shale which

underlies the sandstone and contains the coal. The reclaimed site has about 30 acres with a covered

- refuse pile, a main drainage, open flats and slopes, and a barrow area. The constructed ditches across

the site have received large volumes of water as runoff from the drainage above and outside the site

boundaries. Thunderstorms have produced splash erosion and sheet erosion on unprotected soil surfaces.

\\

The soils and yfa'nge sites in the vicinity of the site are in the Travessilla-Gerst badlands type according
to the Soil Conservation Service (pers. comm., Leland Sasser, Soil Scientist, SCS, Price). This is
considered a non-soil complex with shallow sandy material over bedrock on the sandstone flats and cliffs,
and a clay loam on the Manchos Shale slopes. The erosion and weathering is too rapid for typical soil
profiles to develop, and the soil is weathered bedrock materials with low veoet ation COVer.. "IHe"a'l’I”'u"v"‘ﬁl

A ‘ /1/’ ‘[)‘)Tﬁ)/( \ ™ lEI}s]D
slopes and bottoms below the cliffs and slopes has a variable non-%j héﬁ“ :E ‘y;fag*

|

e

material with layers of coarse sand mixed with finer loams and clays:|
o ; 0CT 051395 \&
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There is a broad pattern of vegetation types related to soils and topography around the site. The

sandstone flats above and east of Dog Valley are a pinyon-juniper woodland interspersed with shrub-grass
on deeper sandy soils. Vegetation on the alluvial flats in the broad Dog Valley is dominated by grease-
wood (Sarcobatus vermiculatus) with a few scattered grass clumps. Grazing has reduced grass cover and
an annual weedy flora covers sandy flats. Vegetanon on the mtermedlate slopes between the sandstone
outcrops and flats and the alluvial valley floors is a mixed shrub-scrub ot the shaley and sandy slopes.
The J.B. King reclaimed site is topographically located in this mtermedxate zoné on slopes between the
upper sandstone flats and the alluvial valleys. This zone does not have a well defined vegetation type due

to differences in skeletal soils, rock outcrops, and steep topography with fairly rapid erosion.

Typical plant cover values are 8-10% on the shale slopes, and 18-20% on the alluvial slopes and flats,
and about 12-15% on the sandstone outcrops and flats. There is a large _variability in vegetation and

ecological factors in the escarpment and sloping areas between sandstone bluffs (pmyon/_;umper) and
alluvial flats (greasewood shrub)

The area is grazed by cattle as winter rangeland except for the 30 acre reclaimed site which is fenced to
. exclude cattle. The grazing has been intense and has increased erosion and runoff by reducing the sparse
plant cover and loosening and breaking the soil surface by trampling. The last several years until 1992
have had low rainfall and increased the effects of grazing by further reducing plan'i cover. Grazing of
cattle has altered the dominant plants species on all areas around the site and introduced a large annual
weedy component. The extent of this alteration in vegetative composition is unknown since there are no

ungrazed reference areas.

Several soil and topographic conditions were altered on the mine site during active mining and later
reclamation rel)a"ted activities. These mining and reclamation activities changed the conditions on the site
from the premfning state, and the site differs in these characteristics from slopes adjacent to the mine site.
The main changes were: (1) a reduction in slopes so that the site is flatter than adjacent areas (except for
the southwest side of the covered refuse pile), (2) the soil substrates are a mixed and transpo:rted material

that is deeper than the in-place soils and rock outcrop on adjacent areasw‘aﬂdv{?r)—w&eﬁeﬂs-asem__,

L

heterogenous mixed weathered and parent material that in places have a hszh Jnu e “f\cm it Orimia

a high salt content. Observations on surrounding landforms determined t}'xat the re

w

. substrate and topographic conditions intermediate between the bluffs and \.gpper slop eseediih\e Sllﬁg@gfa
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and flats downslope in Dog Valley.

The conditions for plant gi‘owth and productivity, in general, are favorable but variable. There are a
variety of substrates and slopes for different types of vegetation. The resulting vegetatlon types and
patterns are somewhat similar to the flatter alluvial valley sections of D@g Valley where large clumps of
greasewood are interspersed with bare, flat, compacted soils. However, vfegetatlon on the reclaimed site
is varied with more species and higher productivity than observed on the flats in Dog Valley where graz-

ing has reduced grass cover to less than a few percent, and a large part of the annual vegetation is weedy.

There are several contributing factors and conditions around Dog Valley that have affected and controlled
erosion both on and off site. These factors have increased or altered the already high rates of erosion
and sedimentation due to natural oeomorpholoonc and climatic conditions.. They mclude (1) cycles of
drought followed by increased rainfalls causing variations in vegetative growth and plant cover both on
and off site, (2) unmanaged cattle grazing during this drought cycle resulting in decreased plant cover
and loosened soil surfaces (cattle were grazed on the reclaimed site until 1989 coinciding with the early
reclamation period), and (3) the drought was interrupted in 1991 and 1992 by a series of thunderstorms
on and off the site, however 1993 and 1994 have been drier than normal again. The thunderstorms in
1991 and 1992 were of a gentler, soaking type that did excessively erode and move sediment, although

large volumes of water entered the site in the drainage control ditches.

Other site conditibns that have contributed to changes in vegetation growth and erosion control include
location and previous history. The site is located in a landform configuration with slopes, substrate
conditions, and drainage that are naturally not in equilibrium and result in erosion. Mining and initial
reclamation temporarily increased surface instability. The previous mining and reclamation activities left
loose'unconso}idated material on the site that was easily eroded and acted-as a sediment source. This
unconsolidateéi material (refuse pile, and other flats and slopes) requires a period of time for armoring
of loose surface and adjustment of micro-topography for drainage into rills and vulhes on smooth slopes

and flats.. This process of soil armouring and stabilization has started on the site. The rate of these

B,
the past eight years has been fairly slow as evidenced by the lack Ibf geposxfio*ﬁ/ fisL i

processes are unknown and depend on local episodic weather patterns. '.Qxe Asedxment%t}gg rate durmiD

sediment pond. Sediment control measures by WSM further mhlbnted erosiorf on sité
] 0CT 05 1995




The consequences of the site conditions for erosion control are that natural conditions and reclamation
activities have resulted in a short period of instability of the slopes, surfaces, and unconsolidated sediment
on site, followed by increasing stability. The current study was designed to help determine if the
erosional conditions and vegetational bare patterns on the J.B. King mine site exceed natural conditions
in the surrounding environment. Permanently marked transects hayegl;i;"gn set up to mor?itor trends in

vegetation and erosion (See Section 3.0 for methodology). i

3.0 SAMPLING PROTOCOL

This sampling protocol has been developed for sampling vegetation cover and densities, and vegetative
community patterns in relationship to topographic, soils, and erosional factors. The present reference
area does not address the pattern of vegetation and size or percentage of bare, non-vegetated areas versus
vegetated areas. The topography and soils on the reclaimed site are cofr_xplex and disturbed, and the
vegetation established is in a successional status and not uniform. This specific tsfpe of sampling
determines the relationship of vegetation patterns to soils and topography on undisturbed natural areas
in the vicinity of the mine site. The purpose of this sampling was to determine if the natural patterns and
ecological factors affecting vegetation in this specific region of Utah can be determined, and if they will

serve as a guide to predict present and future conditions (as it reflects on potential revegetation) on the
reclaimed site. L

The types of field analyses that were used are not a part of ordinary procedures covered in the Division’s
guidelines which uses fixed reference areas, range sites, or baseline data prior to mining. The guidelines
suggest the use of belt transects or plots, but treats each randomly located plot as one sample. This type
of sampling does not allow the determination of vegetation patterns and bare areas, nor relationships of
vegetation types to environmental factors, such as erosion. Under R645-301-456.100 of the Coal Mining
Rules "other aPproved success standards” may be used to judge the effecnmess.&odﬁlh.exﬁe.e_tangn,,ﬂw__ﬂn :

e B D)

assumes a normally distributed population of samples, which may not t;e met in this ;hl\igtﬂymyggmble nd

requirement that the sampling techniques for measuring success using a 0)07“  statistical'cont

heterogenous landscape. |
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Linear coupled plots in transects were established on and off the site; These were linear plots (2 x 10

L. . . ) .k Uray Divist \1 On., Gas AND MINING
meters in size) laid end to end along a straight compass line and oriented roughly para lel to the sandstone

escarpments. The general areas surveyed were the western and northern facing escarpments and slopes



of Dog Valley. Vegetative, topographic, erosional, and soil variables were recorded in each plot. The
transects were then analyzed for the type of vegetation and patterns of vegetation types as they relate to

topography, soils, and erosional features. Large bare areas were noted but not sampled by the transect
method.

- -
-

ey

A general field reconnaissance was conducted in the vicinity of the reclaimed mine to ol;sen:e and record
topographic, drainage conditions, and other environmental factors along the sandstone escarpments in a
topographic position similar to the site. The downslope and drainage features in the alluvial wash below
the site were characterized and photographed. These procedures used for the field program did not
change significantly from an earlier proposed sampling protocol document. All minor changes to these

procedures are documented in this report, and an explanation and rationale for the change included.

The down-gradient drainage in the Dog Valley Wash was evaluated for present céxfditions, and the
potential for effects from sedimentation from the J.B. King site. The drainage along Dog Valley, starting

at the western edge of the site, was walked west and then north approximately 2 miles to the Interstate

70 freeway. The drainage was observed for major vegetation types, dom}nax\xt(plgnt speci

topographic conditions. , N 5

3.1 Specific Procedures { E

The procedures are detailed in this section for the variables meaﬁured, the sampling locations and

marking, number of samples, and analysis of the data. i Uit Division O, Gas AND MinING

AL T,

Sampling location and marking; Two sampling sets were conducted: a set of four lines off site, and a
set of four lines on the reclaimed site. See Figures 1 and 2, which are maps of the transect locations.
Two of the off/s'ite linear transects were run north and one west from numbered perimeter fence posts
chosen random]y; the fourth transect was down-valley from the site. The transects were run from the
random points (fence posts) on the north edge of the site in a northerly direction (azimuths 15° and 17°)
along gradients at the same elevation as the site, and roughly parallel to the escarpmexit facé. This was
repeated running west at an azimuth of 270° from the western edge of the site along and below the
sandstone bluffs. Transects were permanently marked with 3” lengths of #3 rebar driven 2’ (or until
refusal) into the ground at 30 meter intervals. A 30 meter steel tape was stretched between markers, and |

3 plots (each 2x10 meters) recorded at 10 meter intervals. Similarly, three transects were run inside the



perimeter fence on the reclaimed site from randomly chosen fence posts. A fourth transect was located
on the steeper south and west facing portion of the refuse pile, this was not marked with rebar for the

erosional study because of the uncertainty of future plans for the surface of the refuse pile.

The following table is a summary of the transects:

e

Location Number Azimuth No. of Plots Permanent Erosion
Stakes

On site Al 53° 35 Yes |
On site A2 160° 33 Yes

On site A3 130° 45 ~ Yes

On site - Refuse pile R1 followed 36 ~ No

(2 parallel lines) contour

North of site N1 15° 45 Yes

North of site N2 17° 36 Yes

West of site’ w1 270° 34 -Yes

Valley floor (below site) Vi 260° 30 No

Variables: The variables chosen were considered to be those ecologically significant for measuring

biological responses to environmental conditions. These variables are specifically related to established

reclamation procedures and situations on the reclaimed mine site. The dependent (response) variables

in the transects measured for vegestation were: (1) total percent desirable plant cover, (2) dominant

species, and (3) total number of shrubs (for shrub density). The leﬁOth of the center line that was veget-

ated was not rex:orded since no large bare areas were encountered along the transects-$h1&—aspee%—e§-ﬂae—-—-—-»,
; - A
observations wﬂl be discussed in the vegetation patterns section (see SquOﬂ 469, \Ims d of bb e]ésl_ Q

the distance between areas with low cover was determined by inspection of the datg- fer }aro :

analysis.

The independent (predictor) variables measured were: (1) topographic feamres (dggree and aspect of the

slope), (2) soil surface features (type of substrate and percentage rock covggz &32 eros;qr;l fgatures (depth

i
i
Il
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and width of gullies and rills) and estimation of overall erosion factor, and (4) an estimated moisture



factor. Surface moisture and the aggradation/degradation (erosional status) was a qualitative factor

~estimated for each plot using scalars of 1 to 5. Three additional measurements on the stake were

recorded: (1) the length of stake above ground, and the height above ground of a point parallel to and

level with the stake in (2) front and (3) back of the stake at a one foot distancé from the stake along the
transect line (see diagram below). These last three measurements can he repeated at intervals over a

period of years to determine erosion status around the stakes.

P
-

Specific field forms were used during the field measurements. Records from these forms were transferred
to computer spreadsheets for general analysis and statistical tests. The following are the measurements
for each variable that were measured in the field:

VARIABLES FIELD MEASUREMEN’IS
DEPENDENT
Vegetation | dominant species as a record
total cover as a percent
shrub density as a count | -
INDEPENDENT
Topography | degree of slope
aspect for 8 cardinal points on a compass
Soil type a descriptive term that gives the general texture in the field by inspection:
from sand to clay |
Substrate type a descriptive term for the substrate from with the soil was derived;
,/ sandstone, shale, coal, alluvium, colluvium, aeolian, mixed
Rock ‘ type as a rock type: sandstone, shale, coal
surface rock cover of the soil as a percent
Moisture moisture regime: scaler of 1 (moist) to 5 (dry) ...
Erosion present status: scaler of 1 (severe erosion) t
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Uras Division OiL, Gas AND MINING

%




* Number of samples: The number of samples (minimum of 30 plots) was determined by the general
‘length of the transects off site which covered the topographic position being sampled. The four lines off
site were run until either an obstacle was encountered (such as a sandstone bluff) or the line was about

450 meters in length. Sample adequacy for the number of factors being measured was not of concern,

but a large number of samples were needed for correlation and statxstxca] analysis. The number of 10

meter plots sampled in the four lines off site was 145, and the number of: plots in the four lines on site
was 149, -

Analysis: The purpose of the preliminary analysis was first, to characterize the vegetation and
environmental parameters for each transect line, and then determine correlations and relationships. The
results of the transects were first analyzed for: (1) the vegetative dominant species, percent cover, and
shrub densities, (2) the aspect and slopes of topographic features, (3) the types of soil and subétrates, and
(4) rock types and percent cover. The pararheters developed were statistical me;ﬁs and standard

deviations, and other standard parameters.

. The second major analysis was to develop a matrix of correlation coefficients between the dependent and
independent variables. These correlations were determined using computer‘ statistical programs,
Statgraphics Plus and Microsoft Excel. If significant correlations were found, then the third statistic
performed was a multiple regression analysis. Based on these correlations, only one multiple regression
analysis has been run for this report; that was for plant cover as a function of moisture, rock cover, énd
gully width. The plot data can be analyzed for other relationships, but the one regression analysis run

is illustrative of the method.

The vegetative cover for each set of transect plots was compared to all other sets using the T-test
distribution. This test measures whether the means of the two sets of plots are similar, and if one set of

samples can be used as a predictor of expected parameters of the other.

The results presented here are a partial statistical analysis of the large data basg from the linéar transects.

Other more detailed analysis can be conducted in the future when this mgth&\d@t{@ﬁ\aﬁbm%ﬁ% D

as the basis for performance standards. The results of the analysis ,1are discussed for-the"ecBlogical
-~ . . N |
characteristics that can be used as predictors of vegetation parameters and erosxfn rocescsess
® SR
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4.0 RESULTS

The results of the field sampling procedures and partial statistical analysis showed that, in general, the
vegetation cover and density is highly variable both on and off site. There was no highly significant -
correlation of the vegetation to the soil, substrate, erosional, and topographic factors measured that would
indicated a strong association. The single exception was a higher corretatlon between vegetatxon cover
and the moisture factor. The results of the preliminary data analyms age presented and the general

conditions in Dog Valley reviewed followed by a discussion of their s;gmﬁcance on the site.

4.1 Analysis of Transect Data

Standard statistical parameters: These parameters were calculated for the variables to determine the
average, range, and standard deviation. The vegetation and environmental parameters are presented in
Table 4.1 for the four on site transects (A-1, A-2, A-3, R-1) and four off sxte transects (N-1, N-2, W-1,
V-1). Average vegetative cover was 17.2% (20.1, 16.5, 23.2, and 9.1%) for on site veoetanon and for
off site varied from 11.0% for N1, 15.9% for N2, 16.1% for V1, and 17.8% for W1 for an overall
average of 15.2%. The standard deviation of the vegetation data was high for all plots in each transect,
but was higher for the transects on site. Analysis of the plot data for variance and standard deviation
indicate that the variability of all the measured variables is high. The sample adequacy of 30% was

generally acceptable using a precision calculation of the width of the 95% confidence intervals.

Dominant plants species: The plant species recorded in the plots differed on the reclaimed mine from
species off site. The reclaimed site was seeded with a species composition that differed from the off site
natural vegetation. The dominant shrub species on site were four-wing saltbush (Atriplex confertifolia -
a seeded and transplanted species) and greasewood (Sarcobatus vermiculatus - seeding naturally from
nearly plants). Dominant grasses were the seeded species and hybrids of wheatgrass (Agropyron sp.),
and Indian riceigrass (Oryzopsis hymenoides). The dominant shrub species off site were more varied with
two species of saltbush, one sagebrush (Artemisia nova), and greasewood; grass species were also varied,
although grass cover was low. Table 4.2 presents the dominant species in the transects by frequency.
The type of vegetation based on dominant species is a shrub-scrub with a small orass. component. The
species dominance from area to area changes at the topographic locations a t‘rrebase'of”ﬂm"es'czrpmenw—""“

5oOA L*rrﬁl
i ).; \'~ . X ‘ ’\ £ x\. D

Simple correlation analysis: Sxmple correlation coefficients were . calculat ”for depende Tt us

independent variables. A correlation coefficient value of greater than 0.50r hlghfr wascongdetebhighly
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- . significant (i.e. a strong association existed). Plant cover and shrub density (dependent variables) were
each run independently againstvslope, percent of rock cover, erosion factor, moisture factor, depth and
width of rills/gullies, soil fype, substrate type, and aspect. The last three variables were recorded as

alphanumeric, but were converted to numeric entries for analysis. The results of the correlations are
given in Table 4.3. -

The strongest associations (high correlation coefficients) indicate that vegetative cover is positively
correlated with moisture, and negatively correlated with rock cover. Except for one off site transect
(N-2), plant cover was positively correlated with shrub density. The Vegetation cover is higher with
better moisture regimes, and Jower with increased rock cover. Within the independent variables, erosion
is negatively correlated with degree of slope. Very few strong correlation exists between the other
dependent variables that show strong association that can be used as predictor variable for on versus off
site relationships. There was some correlation between the independent variables. fdf*example, slope
was éonsistently_negatively correlated with erosion, that is, the flatter the slope, the lower the erosion
potential. This general lack of correlation indicates that the vegetation and ecological factors do not show
. strong association are not in equilibrium. The vegetation does not tend toward a "climax" community

or similar types. Most environmental factors cannot be used to predict vegetation conditions.

A T-test was used to determine if there is similarity in the vegetative cover values for pairs of transects.
For the site the most similar off site transects was N-2, which had fairly high values. Although the cover
values were similar, other environmental factors and plant species composition differed. Table 4.4

presents the results of the T-test.

Vegetation patterns: Occurrence of vegetation types and patterns of low vegetative cover were analyzed
for both on sitelr‘and off site transects. Nodes (repeat patterns) of low to high vegetation cover along the
transects were determined to vary from 80 to 200 meters and had no consistent pattern on or off site.
Other patterns of species dominance were not readily observable from the transect data. Some species

were more prevalent on naturally exposed coal seams and soil derived from shale and coal, but the

R T TR A

. RV, N o M}D
the general ac of; @bser&able

e e
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vegetatxon did not form a distinctive community on these locations. TI:S FQ%U}F@E;‘H&* of\veo%apfmﬁ

patterns on the scarps and slopes around Dog Valley was consistent wi

correlations with environmental or ecological factors. There was little prechctabﬂe repeat patternsn_a:'ad :
. on the results of our study. Large changes in the topography and soxls, within s opt ist:g'léeg'p‘r@bat

EL_

-
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. ‘ account for the lack of predictable patterns. The broader scale vegetation patterns around the site are
R discussed in Section 2.2. Areas with consistent high soil moisture and a high vegetative cover from

springs, seeps, or permanent streams are conspicuously lacking in Dog Valley. The vegetation was

patchy and heterogeneous.

4.2 D&smptxon of Dog Valley Drainage Around and Below Mine Sl;;.

The alluvial flats in Dog Valley below the J.B. King site is a broad dramage that in not incised for about
one-half mile below the down drainage edge of the site. The soils are a dense, compacted sandy clay
loam, that do not easily erode. The vegetation cover is composed principally of large greasewood shrubs
and sparse clumps of grass (see Transect V1 for vegetation parameters). Ground cover is of weedy
annuals, mainly halogeton (Halogen glomeratus), African mustard (Malcomia africana), and Russian
thistle (Salsola iberica). The channel begins as a sudden incision (about an .8 foot drop) in a §mall scarp”
0.5 miles down stream of the site, and the channel gradually becomes broader and de;:p"er as it continues
down valley (north) toward 1-70. At the freeway, the Dog Valley drainage is channelized by the road
construction and drops steeply to another broad valley to the east in the drainage of Middle Creek. Both

- ‘ drainages were dry in June of 1994.

There were natural coal seams on the sides of the valley and also in portions of the channel that were cut
into the shale. These coal seams were eroding and contributing sediment to the soils. Noticeable coal
debris was observed in the channel and in the alluvial soils in the valley. The spécies of plants most
noted growing on exposed coal seams off the site were buckwheat (Eriogonum corymbosum), Gardner
saltbush (Atriplex gardneri), pricklypear (Opuntia polyacantha), and Indian ricegrass (Oryzopsis
hymenoides). Some of these same plants had become established in the coal refuse test plots on the site.
There was a total of 16 species of plants observed grbwing in the exposed coal refuse test plot. Several

large rubber ra}bbitbrush (Chrysothamnus nauseosus) plants were growing.directly in the coal refuse.

There were no wetlands observed, nor any seeps or springs along the valley floor. All of the channels
 were dry during early June and there was no standing water. Tamarisk was the only 'hydréphytic' plant
observed that grew near two deep plunge pools that were also dry. There were ""o spec'il’“c?ﬂ‘é‘rm—'"

RA [ED

habitats observed along the length of the drainage that was walked and 0 ‘sérved

4
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. 4.3 Bare (Non-Vegetated) Area Comparisons On and Off Site

: Observations in the area to determine where bare areas existed in the natural vegetation showed
occurrences in two generél éreas: (1)' on the sandstone and shale bluffs and upper flats where large rock
outcrops are present and (2) on the lower alluvial flats in Dog Valley. The lower flats are dominated by
greasewopd and the soil is a compacted sandy clay loam. The size and logcations of these bare areas were
related to natural features of severe erosion and dense soil types. 'f'l;gs%éibare areas were estimated to
cover about 2% of the areas around Dog Valley. Some bare areas have beeh"creat'ed or enlarged by cattle
grazing and bedding, or related to roads and other disturbance. A large stock pond in the alluvial flat
below the site has resulted in an area of major disturbance and denuding by cattle. '

Bare areas on the reclaimed site were concentrated in the area of repeated disturbance by access roads
and the reconstruction of the upper drainage ditches. These areas had seedlings and some vegetation,
indicating a trend of increase in vegetative cover. The ridge extending southwest ﬁ;o"m the refuse pile
also had some bare areas, probably as a result of soil compaction and poor moisture retention. These
areas on site were identified using the following criteria: (1) less than or equal to 1 percent of desirable
' vegetative cover overall in a contiguous area, (2) greater than or equal to 20 feet on the shortest side, and
‘ (3) greater than or equal to 625 square feet total footage within each bare area. Areas meeting these |
criteria were counted and their general size recorded. A total of 34 bare areas (see Table 4.5) were found

on site, comprising approximately 41,000 square feet or 3 percent of the entire 30 acre reclaimed site.

In general, the reclaimed site had a somewhat'higher percentagey of large bare areas (3% on site versus
2% off site) as compared to the surrounding sandstone bluffs and flat areas and the alluvial portions of
Dog valleys. These on site bare areas were neither larger nor more conspicuous than off site areas, and
are balanced by areas on the site with higher than normal cover (see Table 4.1). The reclaimed site
consistently hald a higher overall plant cover and density as compared to the adjacent off site areas, as

measured in the linear transects.
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Table 4.1 Statistical Parameters for Vegetation and Ecological Parameters

Transect A-1 ;

Parameter Plant Shrub Rill depth | Rill width Slope | Rock cover | Erosion | Moisture
ﬂ cover density
ﬂ Sample size 35 35 35 35 35. .13 35 35| s "
“ Average 20.1 6.4 2.8 8.7 s4 | Yz 2.7 2.1
n Median 15 5 0 ] 5 10 3 2 “
Mode 18 5 0 ] 3 3 3 2
Geometric mean 14.9 - - - 4.6 94 2.7 1.9
Variance 238.0 17.3 65.0 681.4 11.3 60.0 04 0.5
Std deviation 15.4 42 8.0 26.1 34 7.7 .06 0.7
Standard error 2.6 0.7 1.4 4.4 0.6 13 S 0.1
Minimum 2 0 0 0 2 3 2 1
Maximum 65 16 29 110 15 30 4 3
Range 63 16 29 110 13 27 2 2 _“
Transect A-2
Parameter Plant Shrub Rill depth | Rill width Slope | Rock cover | Erosion | Moisture
cover dénsity .
Sample size 33 33 33 33 33 33 33 33
Average 16.5 5.8 1 3.6 5.4 12.4 25 2.4
Median 15 5 ] ] 3 10 3 2
Mode ) 15 6 ] 0 1 2 3 1
Geometzic meaid 12.9 - - - - 7.8 23 2.1
"Variance 107.9 2.2 16.1 236.4 30.2 126.6 0.7 1.5
Std deviation 10.4 4.7 4.0 15.4 5.5
Standard error 1.8 0.8 0.7 2.7 1.0 ! ;
Minimum 2 0 0 0 0 '
Maximum 40 20 18 80 20 .
Range 38 20 18 80 20

16
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. Table 4.1 (continued)
' Transect A-3

: r'r Parameter Plant Shrub Rill depth | Rill width Slope Rock cover | Erosion | Moisture
' cover density . '
Sample size 45 45 46 46 45 | , 45 45 45 “
Average 232 62 4.1 10.4 62 $63 25 2.6 “
Median 20 6 0 0 6 s 3 3 “
Mode 20 6 0 0 5 10 3 3 i
Geometric mean 18.3 - - - - 5.0 24 2.5
Variance 182.6 13.6 365.9 1933 194 17.7 0.3 0.6
Std deviation 13.5 3.7 19.1 4.0 44 42 . 0.6 0.7
Standard error 2.0 0.5 2.8 6.5 0.7 '0.6 X 0.1
‘Minimum 1 0 0 0 0 i 1 I
Maximum 60 16 125 280 18 20 4 4
S Range 59 16 125 280 18 19 3 3
. Transect R-1 .
Parameter Plant Shrub Rill depth | Rill width Slope Rock cover | Erosion | Moisture
cover density .
Sample size 36 36 42 42 36 36 36 36
Average 9.1 6.2 9.4 29.5 14.9 13.1 1.8 1.6
Median 9.5 6.0 12.0 40.0 i4.5 15 2 2
Mode 10 5 0 0 15 15 2 2
Geometric mean 8.0 - - - 14.7 16.0 . 1.8 1.6
Variance /' ‘13.5 11.0 61.8 677.8 6.3 82.3 0.1 0.2
Std deviation 3.7 33 7.9 26.0 2.5 9.1 04 0.5
Standard error 0.6 0.6 1.2 4.0 0.4 1.5 o1 0.1
Minimum 1 0 ‘ 0 0 12 -
Maximum 16 - 12 22 70 20 ‘ & ‘35’ ~
Range 15 12 22 70 8 ‘
]
1
o |
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. Table 4.1 (continued)

Transect N-1
Parameter Plant Shrub Rill depth | Rill width Slope Rock cover | Erosion | Moisture "
cover density '

Sample size 45 a5 46 46 45 |t 45 45 .| 4
Average 11.0 6.7 8.6 28.7 13.0 ;49.1 o1 1.6
Median 10 6 0 0 12 50 2 2
Mode 12 3 0 0 12 60 2 1
Geometric mean 9.1 - - - 10.1 434 1.7 1.5
Variance 372 26.8 584.8 5264 77.4 430.1 0.6 0.4
Std deviation 6.1 52 242 72.6 8.8 20.7 .08 0.6
Standard error 0.9 0.8 3.6 10.7 1.3 3.1 6.1 0.1
Minimum 1 0 0 0 2 | 8 1 1
Maximum 26 25 120 300 30 90 4 3

‘ Range 25 25 120 300 28 82 3 2

Transect N-2 -
Parameter Plant Shrub Rill depth | Rill width Slope Rock cover _Emsion Moisture
cover density

Sample size 39 39 39 39 37 39 39 39
Average 15.9 7.5 10.4 18.3 8.2 42.8 22 1.9
Median 15 7 o | o 5 50 2 2
Mode a5 7 0 0 3 60 . 2 1
Geometric mean ‘ 14.1 - - - 5.1 30.8 2.1 1.7
Variance M os33 16.1 955.8 1853 79.4 573.5 0.7 0.9
Std deviation 73 4.0 30.9 43.0 8.9 23.9 0.8 0.9
Standard error 1.2 0.6 5.0 6.9 1.5 0.1
Minimum 5 0 0 0 I : e l/\ WT*“T?D
Maximum 28 18 150 200 n | . }‘; a4 ,r“
Range 23 18 150 200 36| J




Table 4.1 (continued)

fe?

Transect W-1
Parameter Plant Shrub Rill depth | Rill width Slope Rock cover | Erosion | Moisture
cover density
Sample size 39 39 41 41 9 |5 E e
Average 17.8 9.4 31.6 71.8 10.1 369 2.3 | 22
Median 17 7 12 40 6 40 2 2 I
Mode 12 5 0 0 3 65 2 2 “
“ Geometric mean 15.4 74 - - 72 21.8 22 2.0 ll
“ Variance 78.5 45.8 10207 20655 75.4 657.2 0.5 0.6 i
“ Std deviation 8.9 6.8 101.0 143.7 8.7 25.6 _ 0.7 0.7
" Standard error 14 1.1 15.8 2.4 14 ‘4.1 Y 0.1
“ Minimmum 3 2 0 0 2 1 1 1
II Maximum 35 30 630 700 30 80 4 4
“ Range 32 28 630 700 28 79 3 3
' Transect V-1 K
“ Parameter Plant Shrub Rill depth | Rill width Slope Rock cover | Erosion | Moisture |
cover density
Sample size 30 30 30 30 30 30 30 30
Average 16.1 42 0.8 3.3 1.2 0.5 2.9 3.0
Median 11 3 0 0 1 0 3 3
Mode 5 1 0 0 1 0 3 3
Geometric mean 11.3 - - - - - 2.8 2.9
Variance 170.8 15.1 20.8 3333 0.5 1.6 0.1 0.2
Std deviation 13.1 39 4.6 18.3 0.7 1.3 0.3 0.5
Standard error 24 0.7 0.8 33 0.1 0.2 0.1 0.1
Minimum 2 0 0 0 0 2
Maximum 45 14 25 100 3 | PRAT
Range 43 14 25 100 3 | M
05 1395
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o . Table 4.2 Dofninant Plants On and Off Site by Frequency

On Site
‘ “ SHRUBS : . Frequency

Atriplex confertifolia - r 89%
Sarcobatus vermiculatus 349 I
Atriplex canescens : 25% ||
FORBS/SUBSHRUBS |
Ceratoides lanata ' 9%

| GRASSES .

“ Agropyron spp : 54% e

“ Oryzopis ' 17%

" Off Site
' SHRUBS ' Frequency *

Atriplex canescens 46% -
Atriplex gardneri 25%
Artemesia nova 26%
Sarcobatus vermiculatus 27%
FORBS/SUBSHRUBS
Gutien:ezia sarothrae : 51%
GRASSES
Sporobolus sp.
Hilaria jamesii

4
E 00T 05 1995 /
i
2
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Table 4.3 Correlation Coefficient Matrix for All Variables Measured

Variables , A-1 A2 A3 R-1 N-1 N2 W-1 V-1

plant cover vs. shrub density | 0.52 0.62 0.78 0.79 0.26 -0.08 025 0.87 1'

plant cover vs. rill width 0.39 0.10 0.02 0.35 0.10 . | -0.03 0.38. 0.46

plant cover vs. rill depth 0.39 0.19 0.2 | o042 oib'g'"”"‘?»: 007 |03 | o4

plant cover vs. slope 0.02 -0.03 -0.17 -0.08 0.06 ' -0.46 0.17 0.09

plant cover vs. rock cover -0.24 -0.31 -0.39 -0.21 -0.23 -0.70 -0.20 -0.03

plant cover vs. moisture 0.75 0.66 0.73 0.53 0.61 0.65 0.70 0.40

plant cover va. erosion 0.07 0.35 0.18 005 | o008 0.46 0.31 045 |

shrub dens. vs. rill width 0.20 0.15 0.07 0.37 0.08 0.10 0.03 0.40

shrub dens. vs. rill depth 0.32 0.23 0.05 0.48 0.07 030 {0.05 0.40

shrub dens. vs. slope 0.25 0.48 004 |03 |03 |[o007 039 - | o015

shrub dens.vs rock cover -0.18 0.27 -0.35 -0.07 -0.48 -0.01 0.04 -0.08

shrub dens. vs. moisture 0.53 0.6 0.59 0.57 0.13 0.16 0.48 0.28
. shrub density vs. erosion -0.07 -0.23 0.04 - 0.11 0.11 0.32 -0.06 -0.25

sill width vs. slope 0.07 0.41 002 [0 Jorz |on 023 | 013

rill width vs. rock cover .19 0.02 0.49 0.14 -0.02 007 .} -0.26 -0.06

wll width vs. moisture 0.24 -0.01 0.12 0.34 0.17 0.08 | 027 0.45

rill width vs. erosion -0.22 -0.33 0.17 0.16 -0.37 0.14 | -0.33 -0.55

rill depth vs. slope 0.15 0.48 -0.03 0.05 0.16 0.06 -0.i9 -0.13

rill depth vs. rock cover -0.17 0.01 0.48 -0.09 0.02 0.07 -0.26 -0.06

rill depth vs. moisture 0.24 0.01 -0.10 0.32 0.15 0.11 0.24 0.45

rill depth vs. ero;ion -0.28 -0.32 -0.15 -0.21 -0.34 -0.06 -0.18 -0.55

slope vs. rock dover 0.46 0.49 0.10 -0.40 0.52 0.52 0.68 .07

slope vs. moisture 0.03 0.47 0.32 0.08 -0.23 0.43 0.1 0.04

slope vs. erosion -0.38 -0.70 -0.35 -0.05 -0.59 - s3]

rock cover vs. moisture -0.05 -0.69 -0.50 -0.27 -0.29 iR ‘ W R TK

rock cover vs. erosion -0.16 -0.65 033 | -0.18 011 | -03p [:24mmd f&-ﬁ—

moisture vs. erosion 0.03 0.66 0.28 -0.03 0.353'5 0.51 G018 5 1$%.56
o
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Table 4.4. T-Test for Similarity of Vegetative Cover for Paired Transects

“ Transects T-Test Transects T-Test Transects TI-Test -'“

[ A1w0a2 02610 || A21t0 N2 0.7951 [ R-11to N2 0.0000

Il A-1t0A3 03514 || A2to W-I 05782 | RAtoW-1 . [0.0000
A1 to R-1 00002 | A2to V-1 0.9070 || Rkto V-1 00075 |
A-1to N-1 0.0019 || A3toR-1 0.0000 | N-1toN-2 00013 |

ﬁ A-1to N2 0.6871 | A-3toN-1 0.0000 || N-1to W-1 0.0001 |
Al to W-1 04387 | A3t N2 0.0027 | N-11o V-1 0.0497 “
Alto V-1 02677 || A3 to W-1 00312 |N2wow-1 |03 |
A2 10 A3 0.0157 || A3 10 V-1 0.0275 | N-21o V-1 0.9373 “
A2 o R 0.0004 || R-1to N-1 00969 | W-itov-1 -] 0.5584 “
A-2 to N-1 0.0088 “

Table 4.5 Statistical Summary of Bare Area Determination On Site

| Parameter Bare Area (ftH)
Sample size 34 !
Average 1203 ’l
Median 995
Mode 936
Geometric mean 1070
; Variance 549,081
! Standard deviation - 741
Standard error - 127
Minimum
Maximum
Range

[ AR
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5.0 DISCUSSION AND RECOMMENDATIONS

The vegetation and ecological factors measured in and around the J.B. King site are highly variable and
showed little correlation wiﬁx environmental factors, except moisture. This is a disclimax vegetation on
azonal soils in a "badlands topography” as defined by the Soil Conservation Service (SCS) The
vegetation in the specific topographic position of the mine site is a vanab}e shrub-scrub of rmxed species
that has been altered by grazing off site, and by disturbance and reclamatlon procedures on site. The
reclaimed site is situated in a topographic position of great diversity, and in an area where rapid natural
geomorphologic processes are constantly altering the landscape. The vegetation was heterogeneous as
to species composition and cover, and formed small patches on the slopes and ridges around Dog Valley.

The scale of vegetation change can often be measured within a few feet, and changes are abrupt.

There is little predictor value of the natural soils, topography, and other factors measured that can be used
to predict what specific type of vegetation or pattern, including bare spots, will eventuéll'y’develop on the
site. Vegetative cover and shrub density are not highly dependent on most measurable environmental
factors, or on each other. Moisture regime was the highest predictor of vegetative cover, but not of
shrub density or vegetative type and pattern. Soil moisture is generally low with few areas where
moisture is retained on the slopes and drainages either on or off site. There are a fgw flat and depressed
areas on site at the base of the refuse pile where moisture collects. Most areas off site on the slopes and
ridges are well drained and there are few areas where moisture collects. The Dog Valley drainages are
dry with no wetlands, pools, or permanent water as streams or seeps. As rock cover increases, vegétative
cover decreases, but there is not a strong association. However, rock outcrop and rock rubble and shaley

slopes have very little vegetation. Shaley slopes have low vegetative cover values, but are not prominent

in this area.

The use of a si{ﬁgle small reference area or areas would be inappropriate based on the results of this
quantitative study of ecological factors, vegetation parameter, and vegetation type patterns. The general
vegetation parameters measured showed vegetative cover values of 10 to 23% during the growing season

for 1994, and a variable shrub and grass component. The statistical analysis showed that although sample

adequacy could be met using a modified confidence interval, there were np areas §(xmﬂ I }h/&“qmd

Cae NN ‘L. . Y JL\.,,.i x" J_LVJD
or vegetation on the site for use as reference areas off site. The tfansects off site, aﬁhb‘u@n not

AN

representative, could be used as a general basis for vegetation standards o{,t cover a densxty Producti

T o
has not been measured, but is estimated to vary from 200 to 600 pounés/acre b%sgdbon prévjougsss
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surveys. Production on and off site are not comparable, and comparisons could be based on ocular
estimations by the SCS.

We suggest range condition, trend, and estimated production be conducted on the site Specxﬁcally to
determine if the vegetation and habitats are compatible with site condmons Refe,reqce to off site
conditions could be handled by resampling the permanently marked transects during the final bond period
for general vegetation parameters. The upper and lower bounds of vegetative c’émposition, cover, and
density could be determined (but not at a 90% confidence limit due to natural large variations in
vegetation). The use of a statistical confidence interval for measuring success is difficult in this
vegetation type due to the heterogeneity of the vegetation. The site determination could be done in
conjunction with an independent third party, such as the SCS. Based on the general vegetative conditions
at the time of sampling or estimations, the site can be determined to have equal or bgitgr vegetation and
habitat conditions as compared to the surrounding areas based on trends, sampling, and éna]ysis the past

five years, and on the results on the present sampling and permanently marked transects.

‘ Erosion is variable and rapid depending on degree of slope, soils, and topographic situation. There are
o no discernable trends or differences on site versus off site based on our short field study. As noted
earlier, reclamation procedures and sediment control measured have reduced slopes and altered soil

conditions such that erosion is less than other areas at the same topographic position. There were fewer

and smaller rills and gullies on the reclaimed site, including the face of the refuse pile. The stakes and

measurements of erosion factors can be continued to determine trends in erosion both on and off site.

The soils on the site, due to disturbance and soil placement practices during reclamation, resemble the
upper portions of the adjacent alluvial valley in the Dog Valley drainage. However, the vegetation is a

diverse mixture of seeded and naturally reseeding species.

Recommendations are as follows:

1. WSM should request a variance on the stipulation that vegetation should™s staﬁﬁﬁéﬂmmu—‘-

E ( )\' L *‘\
and control erosion. n /&
2. WSM should request that the vegetation standards on the sxtejbe basec% op{}ire imegn gransect
' method (not on a single reference area), and: i i

[
|
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e for sample adequacy, substitute the formula given below for the present requirement for a 90%
confidence level with a 10% change in the mean (since the sample parameters for all the transects
sampled do not meet this criteria). Sample adequacy can be meet using a precision estimate that -
the width of the 95% confidence interval is no greater than 30% of the mean (using a D’ =
[2(SE+X)]100), L -

™
LI

e the site be analyzed for productivity and range condition (forage value) with reference to off
site linear transects using an SCS method of estimating productivity and evaluating range

condition, and

o the site be treated as a single unit for evaluation of cover, density, and productivity (cannot

be segregated into vegetation or management units)

3. WSM should request that a determination that sedimentation rates and erosion controls on the site
are equal to or better than conditions off site in similar topographic situations, and that erosion has been

controlled to the extent possible.

We further recommend that based on the analysis of ecological and vegetation parameters, no further
actions be taken on site to increase or enhance vegetation or control erosion. The t6p of the refuse pile
has exposed coal refuse that is revegetating, and is similar to exposed coal seams in the immediate
vicinity of the reclaimed mine. This portion of the refuse pile could be left indefinitely as a test plot with
no impacts on plants or animals. The hazards to plant or animal communities from physical or chemical

conditions on the reclaimed mine site have no apparent differences to conditions off the site.
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UMC 817.112 - REVEGETATION : USE OF INTRODUCED SPECIES

The following swmmarizes the recommended seed mix, application methods, and sowing rates
proposed to be utilized during the 1994 revegetation activities planned for the J.B. King reclaimed
minesite, as well as the actual revegetation practices that were performed.

Seed Mix

The recommended seed mix has been adjusted based on the monitoring results of the past four
years for growth of plant species in the original seed mixture. Some species that were planted did not
germinate or grow, such as joint fir, blue grama and big bluestem, and these plants will not be seeded
again. The attached Table [“Recommended Seed Mix for Revegetation™] gives the presently
recommended seed mix.

Approximately 206 Ibs. of pure live seed was purchased from Plummer Seed Co., Inc. in
Ephraim, Ut for the 1994 reclamation activities. Please find attached a specification sheet for the seed
used. In addition to this purchased seed, other native seed was collected from site plants and used in the
reseeding process.

Application Methods and Rates

The general seed mix will be applied at 14 to 18 pounds per acre by the broadcast method. Seeds

germinate best when applied immediately on freshly worked soil, therefore seeds will be applied as soon

as (within 24 hours) a portion of the site is finished and roughened. Seed will be broadcast either by hand

or using a hand-held mechanical spreader.

In actual practice, approximately 26 Ibs. of pure live seed per acre was applied to the redisturbed
lands (8 acres total). In addition, the native seed collected from the site was applied at a rate of about 3 to
5 Ibs. per acre. The location of that application is shown on Drawing JBK-3 (AS BUILT), and includes all

land within the perimeter of the 1994 redisturbed lands. Application was via hand broadcast only, and
was completed daily, following surface roughening.

« NOORPORATED
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UMC 817.114 - REVEGETATION : MULCHING AND OTHER SOIL, STABILIZING PRACTICES

During 1993, soil samples from the site were collected and analyzed for chemical and physical
characteristics. The results of this work are summarized in a report entitled Analysis of Soil Samples of
the J.B. King Mine, June 1993 by Samuel A. Bamberg, Ph.d, Bamberg Associates. This report and the
soil nutrient laboratory reports are attached as documentation.

~ The outcome of these studies indicated that use of inorganic soil fertilizers and soil suppIements
would probably be inappropriate at this time. However, it was found that the best amendment for’
improving the nutrient status and moisture regime of the soil is heavy textured drganic matter (such as
sewage sludge). This will also improve tilth and water holding capacity. Hay and straw can be used to
protect the reclaimed soil surface after seeding, but will not greatly improve the soil conditions or enhance
plant growth. The organic sludge also contains large amounts of nitrogen that will slowly release over a
period of years, having a persistent positive effect on the soil fertility. The rate of sludge application is
being recommended in a range of 12 to 18 tons per acre. However, the actual application rate was higher
and is discussed in section UMC 817.25.

A source of these biosolids (sewage sludge) has been located and procured from the Price River
Water Improvement District PRWID). All required permitting approvals have been received from EPA,
Region VIII and State of Utah, Dept. of Environmental Quality, Division of Water Quality and are
documented in section UMC 782 19 of this permit.

In actual practice, biosolids procured from the PRWID were applied to the 1994 redisturbed lands
as described in Section UMC 817.25.
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ANALYSIS OF SOIL SAMPLES ON THE J.B. KING MINE, JUNE 1993

The soil chemical and physical characteristics on the J.B. King mine have a la.rg; :
influence on revegetation success, and affect the subsequent types of vegetatio'n;ﬁ\"
that will persist on the site. The soil texture and che,mi;ai nutrient status is\t g
of particular importance for plant growth and sp'eci:‘é__s composition. Heavy,
textured clay soils have very low plant growth in this part of the Colorado
Plateau due to poor soil moisture conditions. Large concéntrations of salts or
alkali conditions in the soils can inhibit plant germination and growth. The
sedimentary shales and sandstone around the coal beds typically are high in salts

and some metals, and low in the plant nutrients of nitrogen, potassium and
phosphorus. '

Six soil samples were collected on and around the mine site for laboratory
analysis of the chemical and physicayl features important for plax.ﬂ_: growth. The
major soil substrates in the region are sand to saridy loam derived from
sandstone, and silt loam to silty clay derived from shales. Two -samples were
collected offsite immediately to the northeast of the reclaimed mine site on each
of these substrates, sandstone and shale. Four samples were collected onsite;
one on the north side of the mine in subsoil that had the topsoil removed on
shaley sand, two from the mixed substrate on the refuse pile soil cover, and one
from a shaley area that was borrowed for soil to cover the refuse pile on the
west side of the property. For each sample, 6 to 10 collections were composited
from a depth ranging from 0 to 6 inches.

In the soils laboratory, samples were analyzed for the following.variables:
General: i X
PE (standard units) -
salts (mmhos/cm) - - i
cation exchange capacity (meg/100g) i
lime (%) ' [
organic matter (%) |
organic nitrogen (lbs/acre) |
|

sodiul (meg/100g) |
sodidm adsorption ratio (SAR) i

" texture (% each of sand, silt, and clay) b U Drivision Of .
expressed as USDA texture v > L, Gas AND MiNinG

L e

Available nutrients (ppm): nitrate-n, phosphorus, potassium, calcium, magnesium,
sulfur, boron zinc, iron, manganese, and copper.

The results of the analyses are presented in Tables A4-1 to Ad4-3. Soil textures
were a sandy loam to a silt loam on substrates derived from sandstone and limy
sands, and a loam to a silty clay on soils derived from shaley bedrock. The
. 80ils on the site were derived from mixed substrates and were a silt loam on the.




north side, loam on the west portion of the refuse pile and the borrow (shaley)

area, and a silty clay on the central part of the refuse pile. The soil pH was 5

basic with a range from 8.2 to 9.0, and lime was medium to high. Salts and

alkali were highest in the soil onsite derived from shaley bedrock and were e

excessive on the refuse pile and shaley area. Alkali, in general, was high on
the soils from shaley bedrock. Nitrogen and phosphorus were low to medium in the
soils, however potassium was average. Straw and o,ther organic matter was
cbserved in the top layers of soil but, in general, m.trqgen was deficient. The
other elements that were high and in excessive amounts in these soils were
sulfur, boron, iron, and manganese or magnesium.

The factors in these soils that are severely limiting for plant growth in this
arid climate are the high amounts of clay, high salts and alkali, and the high
mineral content of some elements. The textures of the shaley substrates onsite
‘are loams to silty clays with a clay percentage up to about 40%. These textures
are generallﬁr not that limiting for plant growth, but coupled with high salt and
alkali content do severely limit plant growth. Nutrients and fertilizer, if
added as a soil amendment, are not effective for plant growth without adequate
socil moisture conditions. This explains the poor growth and productivity of
vegetation during drought years. During years of adequate moisture, plant cover
and productivity will double as compared to dry seasons. The nature of the soils
on the mine site and in this region requires plant species that are adapted to
.poor soil textures, high salts and excess alkali, and can withstand periods of
drought. The plants observed that do well in this area on soils derived from
shaley substrates are species of saltbush (Atriplex spp.), greasewood (Sarcocbatus

vermiculatus), grasses such as galleta (Hilaria jFamesii) and sand dropseed

{(Sporobolus cryptandrus), and a numbers of forbs. On the sandstone derived
soils, other plants species thrive that are adapted to drought conditions and
'generally low soil moisture. ' '

-

[N

The majority of the soils observed on the reclaimed minesite are derived from a
mixed substrate including large amounts of shale, some sandstone, and other soil
materials ﬁeft over from cocal mining. The soils analyzed all contained some
excess sallt and alkali, and require adequate soil moisture for good plant growth.
The plant growth, as measured during the past four years, is adequate for the
region, and is what can be expected given the socil conditions, climate in ‘the
area, and the topography of the site. .

N
' 1
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Location USDA ]
texture Sand Silt | Clay
Onsite
JBKO1 | N of Refuse Pile silt loam 24 61 15
JBKO02 Refuse Pile (N-S) loam 26 48 26
JBROS Refuse Pile (E-W) silty clay 17 42 41
JBKO6 Shaley area loam 28 .46 26
offsite
JBKO3 Sandstone sandy loam - 77 ; 13 10
| JBKO4 Shale slope - loam 33 47 20

Table A4-2 Soil Sample Physical Properties, J.B. King Mine

Sample salt CEC Na SaRr PH
T No. (¥MHOS/cm) | (MEQ/100g) | (MEQ/100g)
4 .
3 Onsite
JBKO1 2.98 10.2 0.50 2.1 8.4 0.7 “
3 JBKO2 9.00 11.0 4.46 9.3 8.3 1.1 “
JBKOS 3.94 23.6 3.29 4.6 8.3 0.7
, £ ,
: seRos | 10.80 12.3 2.84
f Offsite
g JBKO3 0.43 6.9 0.09
A JBKO4 4.14 10.7 0.85

I
I
b

A
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Table A4-3 801; Sample Availybla Nutrients (Units in ppm), J.B

4

Fe

JBKO2

JBKOS

JBKO6

Offsite

JBKO3

9.4

96

1500

JBKO4

2-9

7.8

129

2760

31.0

i;
i
I
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"5 \EOoLORADO \k’ B oy \
. ANALYTICAL ~ s0N. WATER _ R ENV!FIDNMENTAL'
- y Fo S "'"l" v :4:"”"‘“’% W -
@ LABDRATDHY\ o
- : .SOIL NUTRIENT LABORATOHY REPORT
l LAB NO:  3538.1 REPoRrTo: SAM BAMBERG BILLTO: SAM BAMBERG *
~  |DATE RCVD: 06/30/93 R 26050 E. JAMISON CR.
. REPORTED: 07/23/83 ) - "~ - -AURORA, CO 80016
SAMPLE ID: SAMPLE JBK 01 ' ‘ - PROJECT. JBKING
. ' Nl et ppite -Wr*/"'\“o ~{ Ak 1D '
LABORATORY RESULTS: § 'SAMPLE
l . L _RESULT LOW— “—AVE HIGH
- [FIELDTEXTURE@USDA) . -~ : .. SLTLOAM T ' o
. prNrrs) ) _- L 8.4 L AR A A X AR 2RISR ]
. SALTS (MMHOSICM) . N - - 298 .'tﬁt.i.tt*ﬁ.'.t‘...'it..t‘.tt
CECEST. (MEQ/100G) 10.2. **eeteerer

— LIME(%) - " MEDIUM -ttto«t'-ac.p....gca.--- )
. ORGANIC MATTER (%) , 0.7 sesee .
ORGANIC N (LBS/ACRE) . 19.5 eesas
SODIUM (MEQ/1006 SOIL) - 0.50 *esesasnece

AVAILABLE NUTRIENTS (PPM)

NITRATE-N - 5.1 "ttt

PHOSPHORUS 9.2 weeeseses

POTASSIUM : 140 *"*erecsenarancranssnaeeanene

CALCIUM . 0720 *teveevsecnsctdcnance

MAGNESIUM ’ 502 RGP NN NG AN Nt e ARG Nt et decetesstctaant e
SULFUR : ) 717.5 ®eeeessascntarcanscantossntanacascencscecntonas
BORON R B L R R R
ZINC 1.1 'ﬁnoinotgoaaootfaata.

IRON - . . ) DAT *eeeeNTescsnsctrasncecastancisanarsnnienenNnny
MANGANESE Bl * AN A TN AN NI NS AT NS R et R A bR N RS,
COPPER R ERAALLALA AL LA A ALEE LR

NOTE: AVERAGE VALUES ARE FOR COLORADO SOILS

z
FERTILIZER RECOM MENDATIONS (L.BS/ACRE) ADDITIONAL TESTING
CROP NOT REQUESTED SODIUM ADSORPTION R 2.1
YIELD GOAL S SAND (%) i \”)T{{ATED R -
MANURE APPLIED SILT (%) S -

' ’ CLAY (%) R - 15
NITROGEN USDA TE; 05 1ee8 SILT LOAM
PHOSPHORUS - P205 | VY oYY s SRR
POTASSIUM - K20 - ‘

SULFUR - SO4-S T VA« PO Y S
COMMENTS | R i
FERTILIZATION WILL BE MOST EFFECTIVE IF ADEQUATE MOISTURE CORDITIONS P
240 S.Main Street @ Brighton, Colorado 80801 e (303)658-2313 |- °

AR SAARRRRS i

Mailing Address: P.0O. Orawer 507, Brighton, CO 80601
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" SOIL NUTRIENT LABORATORY REPORT

LAB NO: 8538.2
DATERCVD: 06/30/931F i
REPORTED: 07/23/93 i

REPORT TO: SAM BAMBERG

BILLTO: SAM BAMBERG .
26050 E. JAMISON CR.  #1, " 2
AURORA, CO 80016 . "

w2

SAMPLE ID: SAMPLE JBK 02

PROJECT: JBKING.

W olere — ol éw:lk N—-SW
LABORATORY RESULTS:! SAMPLE Y -
. c RESULT LOW. AVE HIGH
FIELD TEXTURE (USDA) LOAM
pH(UNn"S) 8.3 [ AAX AR L XL LRI EIRE R LR T2
SALTS(MMHOSICM) 9‘00 AR AAA AL L R A A R A Al R 2 R R Y N Y N R R X Y R R e e
CEC EST. (MEQ/100G) 11.0 *reereseees _
k‘ UME(%) HIGH ...nn---atao-.-----.oo.no.-on-—o_ﬁ.\.-.n--.
| |ORGANIC MATTER (%) 1.1 erevrescess '
~ |ORGANIC N LBS/ACRE) 33.0 *erereseses |
SOD!UM(MEQ[10°GSOlL) 4.46 LA N Y I I I Y YYYYoe
AVAILABLE NUTRIENTS (PPM)
NITRATE-N 256 *reremesssecccacersaninns
PHOSPHORUS 7.0 *eeeee
POTASS‘UM 127 PREPADAN AL AR TN A PRI NORNSE
CALCIUM BRYO *orerevecescsnsencescswnore | |
MAGNESIUM Q3D ¢r e eacestriatasunttectcacanttannasrhennanaes
sULFUR 1708.3 .tﬁ'.0'.‘t.t.0."&...QCQ.'Q."'Q..'C..'..Q.Qtltt‘
BORON B4 Crtecccenceencsecatsrtatetetsatensatetesennanny
ZINC 0.9 ** *ecerscanience
IRON D7 *eeescceceeracanna
MANGANESE 18.1 .o.oon.-qtta.t'o-'t-.t'te..oto-crca."o..'otaoa"
COPPER 4 1‘1 .Q*O'Q?'QQ*C.'QO"'.Q
NOTE: AVERAGE VALUES ARE FOR COLORADO SOILS
7 :
{
FERTILIZER RECOMMENDATIONS (LBS/ACRE) _ JADDITIONAL TESTING.______
OT REQU SODI . 9.3
ﬁgeom_ NOT REQUESTED p%k\/@ JRN i’@ﬁ‘ﬁ’b 26
MANURE APPLIED SILT (%) L LECIVE: 48
: CLAY(% ¢ | ' - 26
NITROGEN usm Tacﬂuﬁél 51995 7| - LoAM
PHOSPHORUS - P205 .
POTASSIUM - K20
&!LFUR S04-S Urrarr Division O, Gas AND MINING

COMMENTS |

SO CONTAINS EXCESS ALKALYL -

FERTILIZATION WILL BE MOST EFFECTIVE {F ADEQUATE MOISTURE CONDWIONS PREVAILL.
SOME YIELD REDUCTION IS POSSIBLE DUE TO HIGH SALTS

WW

240 S.Main Street ¢ Brighton, Colorade BO801

+ (5035555573

Mailing Address: P.O. Drawer 507, Brighton, CO 80801



WATER

~ SOIL NUTRIENT LABORATORY REPORT'-#»., 2

IDATERCVD: 06/30/93

LABNO:  3538.5 | REPORT TO: SAM BAMBERG

BILLTO: SAMBAMBERG .
26050 E. JAMISON ca.
AURORA, CO 80018

e d L,

Ll d & . . L e

SAMPLE ID: SAMPLE JBK 05

!
' REPORTED: 07/23/s3

PROJECT: JBKING.

Aedeeat ol Y E —trznel oy O—L
. [LABORATORYRESULTS: SAMPLE v |
= RESULT LOW— AVE ~——HIGH
FIELD TEXTURE (USDA) SILTY CLAY
pHmNrTs) 8'3 (L Z A AR LRI R 2RI Y X ]
SALTS(MMHOSICM) 3.94 taﬁot-tt.at.ott.ﬁ.a.a.oo.otoo..a&o.a....
| [CECEST. (MEQ/100G) 23.6 “eeteveterastesesactens .
. LIME(%) LOW [T TR T
M [ORGANIC MATTER (%) 0.7 **=***
_' ORGANIC N (LBS/IACRE) 20.1 **enee
SOD'UM(MEQI1°0630“_) 3.29 .nna.tttt.tt.ottc..ttt.ncon.aco'a-oottno.n-‘ono‘
VAILABLE NUTRIENTS (PPM)
Z‘ NITRATE-N 0.9
PHOSPHORUS 9.1 weeeeeeee .
POTASSIUM 146 'acnaon.-.'--’.-..\'.----on-....~
- CALCIUM 4300 '.'to-n--oﬁao.aon.n'.o‘a...antaonoat v
MAGNESIUM 1701 **eetseterescccecicecititctatatiiiiiatantenen,
SULFUR 4157.0 LA AR A AR A X E XN E R A R R YRR A AR R R R R Y R Y S R kR 2]
‘ BORON 5.1 ..QQ‘Q'Q"C.'.?'.'O..OD'.....Qtﬁ..."ﬂ..'."'ﬁt
. ZINC 1.1' SasesaRtaNRANERRRRERRD ‘
IRON 10,2 TretretscenscsttesaatnsasttLRRtReRtaTINRIER TR R,
- MANGANESE .1.8 Q....Qt'.iﬂ.'Q.'......l....'ﬁ.".."
OOPPER 1.4 BRANRR AN T RNAAARSE NS AR AR I RO
‘ NOTE: AVERAGE VALUES ARE FOR COLORADO SOILS
{

FERTILIZER RECOMMENDATIONS (LBS/ACRE)  JADDITIONAL TESTING B
CROP NOT REQUESTED som UM 4.6
~ R el
MANURE APPLIED sn.'r ) _ PATECTIVE: | 42
CLAY (%) | o a1
. NITROGEN USDA TE)GTOBEE G5 1895 / SILTY CLAY
PHOSPHORUS - P205 ,;
POTASSIUM - K20 | o
ULFUR - SO4-S « Tyrraion OiL, Gas AND MINING oL T
COMMENTS | |
FERTILIZATION WILL BE MOST EFFECTIVE IF ADEQUATE MOISTURE CONDITIONS PREVAIL.
240 S. Main Street @ Brighton, Colorado EIUED‘T""‘"[SUE]‘ESS—EB‘! 3 e

Mailing Address: P.0O. Orawer 507, Brighton, CO BOB801
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' SOIL NUTRIENT LABORATORY REPORT

LAB NO:  3538.8
DATE RCVD: 06/30/93
REPORTED: 07/23/83

REPORT TO: SAM BAMBERG

BILLTO: SAM BAMBERG -
26050 E. JAMISON CR. =
AURORA, CO 80016

SAMPLE ID: SAMPLE JBK 06

'PROJECT: JBKING.

~~

loetsd Grtn (0 cevismale -6
LABORATORY RESULTS: SAMPLE)/
" RESULT LOW: -AVE -HIGH
*" |FIELD TEXTURE (USDA) LOAM
pH(UNITS) 8.2 *tteevecscctenesnentane .
SALTS(MMHOSICM) . 10.80 * 4ttt reesansattsssatrssateteineesarentsnttNctsrTany
- [CEC EST. (MEQ/100G) 123 Teeeeseeses |
. LlME(%) MED‘UM .C....'.."......'?... .

'ORGM'CMATTER(%) 1.8 [ E XXX AR AR X 2 J

OHGAN'CN(LBSIACRE) 52.5 T

SOD'UM (MEQI10°G SO’L) 284 --.o.-tt--nnt.soo.’t..tt-oontoqt't.tot-nfntaat"

AVAILABLE NUTRIENTS (PPM) _
NITRATE-N 30.Q *"Urrcaesessecscsnsessecsssesennennsann
PHOSPHORUS 9.8 teeereree
POTASS'UM ’81 ....""...'....‘..."'.".’....".." .
CALCIUM 3080 tt.ocaao--cottoonooao(o.c . '
MAGNES‘UM R Y 7i-30hh bbb LA ALLALALELELAALEALEALEEIEELE LSS L
SULFUR 6882‘5 (A A XA RS R AR RN AR Z 2222 RRRRS Y X 0 K XY
BORON 5.8 P L L R T R N R Y T I L L
ZINC .8 **reecrecrctaccecectntancnnctonn .
IRON D7.] TetececsriascctcansnsstananavinanINIRERACRINY
MANGANESE ‘6.5 R A N R NN R AR R RN AN SO RO RO N AN TN AN O N AAAON OO ROA WY
COPPER 1.4 PARNBNORIARAA2ARNPANERNRIIASRERS

NOTE: AVERAGE VALUES ARE FOR COLORADO SOILS
{ .

FERTILIZER RECOMMENDATIONS (LBS/ACRE) ADDITIONAL TESTING ™" :

CROP NOT REQUESTED SODIUM ADSORRTION RARO[(SAR) 458

YIELD GOAL SAND (%) HEPRCTIVE: 28

MANURE APPLIED SILT (%) i 46

‘ CW(%E)xé 00T 051995 | - 28

NITROGEN USDAT URE LOAM

PHOSPHORUS - P205

POTASSIUM - K20 ©ar DivisioN OiL, Gas AND MINING

SULFUR - S04-S

“{COMMENTS |

SOIL CONTAINS EXCESS ALKALI

. IFERTILIZATION WILL BE MOST EFFECTIVE IF ADEQUATE MOISTURE CONDITIONS PREVAIL.
" |SOME YIELD REDUCTION IS POSSIBLE DUE TO HIGH SALTS

240 S. Mein Street ¢ Brighton, Colorado 80601 e (303)859-231 3
Mailing Address: P.O. Drawer 507, Brighton, CO BO&01 '
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LABDHATORY\ T

LAB NO: 3538.3
DATERCVD: 06/30/93 ]
REPORTED: 07/23/93

REEOBTIQ: ‘SAM BAMBERG

BILL TO SAM BAMBERG

' ,fzf’AURonA, co.somsf'

SAMPLE ID: SAMPLE JBK 03

PHOJECT JB KlNG

bounts, Lrom on Aod bt Gentnee  NE &f typem 10D W

LABORATORY RESULTS: SAMPLE f
; RESULT LOW AVE -

FIELD TEXTURE (USDA) SANDY LOAM ' |
pH (UNITS) . ©.0 “teveececcevcscarcntcsrsancansessanenonne
SALTS (MMHOS/CM) 0.43 seee
CECEST. (MEQI‘IOOG) 6.0 *"eree
UME(%) MEDIUM 'Oa-.a.-....'ﬁ.a.--o-...

ORGANIC MATTER (%) 0.8
ORGANIC N (LBS/ACRE) 25.2
SODIUM MEQ/100G SOIL) 0.09
AVAILABLE NUTRIENTS (PPM)
NITRATE-N 7.4
PHOSPHORUS 9.4
POTASSIUM 6
CALCIUM 1500
MAGNESIUM 181
SULFUR 341.8
BORON 1.2
ZINC 0.5
IRON 5.5
MANGANESE 1.7
COPPER 0.4

T Y3 L)
arnennew

L 2 2 2 B2 2 J

(AR R R X RN L}

Q’.’.‘..Qﬁ*'.......

L Z A X R 2L X 2 X 4

AP RONAETTNDION

(A AL R A AR R R R R AR 2 A XIS R R R R R R IR R RN T T 7Y
ﬁ.."....‘."..""'.""

(A ERE XN XX X 2

(A XA EE AL ER R ERZE2LE 22 SRR 220 X 2

(A A AR AL ALl SRR 2R X 2T 2 3

LA X X 2 XX J

NOTE: AVERAGE VALUES ARE FOR COLORADO SOILS

¢ { )
% [FERTILIZER RECOMMENDATIONS (LBS/ACRE) __ |ADDITIONAL TESTING

: [CROP NOT REQUESTED SODIUMADSORPTION-RATIO - 0.3

2 [YIELD GOAL SAND (%), ) J/ m ATED o 77

% [MANURE APPLIED SILT (%) IVE: 13
o CLAY (%) ’ - 10

* {NITROGEN USDA TE‘X‘GURECS 195 | - SANDY LOAM

PHOSPHORUS - P205 |

POTASSIUM - K20
SULFUR - 8O4-S

ﬁ;,

i

o hevercymns AV L34 o A~ Ao

SOMMENTS |

o
LG kb

FERTLIZATION WILL BE MOST EFFECTIVE IF ADEQUATE MOISTURE CORDITIORS PREVAL

Mailing Address:

240 S.Msin Street @ Brighton, Colorado 80801 e (303) 658-2313
P.0. Orawer 507, Brighton, CO 80601 :
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POTASSIUM - K20

LAB NO: 3538.4 | REPORT ]'0: SAM BAMBERG BILLTO: SAM BAMBERG .}‘-'i-
DATERCVD 06/30/93 - : 26050 E.JAMISON CR.
.| REPORTED: 07/23/93 AURORA. co soo1s
SAMPLE ID: SAMPLE JBK 04 PROJECT:. JB:KINGA
A{A&y[aam O‘H.\La NE Mz For sordamJe O0=L
ILABORATORY RESULTS: SAMPLE v o
RESULT LOW AVE: HIGH
FIELD TEXTURE (USDA) LOAM
pH(UNH'S) . 8.2 AR RARNROAGARNNNCORNOEIDOS
! SALTS(MMHOS[CM) 4.14 XX Y X X X R s X I T X XY ISR X 2 2 X 2
CEC EST. (MEQ/100G) 10,7 Seemeeceee N
. L'ME(%) H'GH '.Q..ﬁt..'t.'.‘.."'.t..‘.'.t.Q...QOOQOQIQ
ORGANIC MATTER (%) 1.0 =oreeecer
ORGANIC N (LBS/ACRE) 28,8 werneveee
SODIUM (MEQ/100G SOIL) 0.85 #errtretsnttcanane
WVAILABLE NUTRIENTS (PPM)
‘ NITRATE-N 29 **
3 PHOSPHORUS 7.8 *reeert _
POTASSIUM 129 'YX R2ZX22E2AXEX2AREZRARA L X 2 )
CALC,UM 2760 XXX XA RREZ A 2K X2 X )
MAGNES‘UM 442 RN E R E AR R R A NNE RGO RN RNV ARG EATRATN
SULFUR 1161-8 Q...COQOQQQQ.QQOQ.'.QQ.'Q.Q.‘.Q..OC.Q-Q"...tito
BORON 21 .0...."CQQ..OQ"Q..Q.Q.t.'."t...'."'i"‘
ZiNC 0.8 avdesedassdarnred
}RON 31-0 [ZZEXE 222 2RI NS ZZZ SRR Z AR R RS X A A A R 2 K X X K 2
MANGANESE 95 ..Qt'......t'.i't.'...'....".'..’."."'Q‘.O‘v
COPPER 09 ' ZX XXX X2 Z XX ER XX 2
NOTE: AVERAGE VALUES ARE FOR COLORADO SOLLS
/
FERTILIZER RECOMMENDATIONS (L.BS/ACRE) ADDITIONAL TESTING )
ICROP NOT REQUESTED SODIU C)N 3 . 33
VIELD GOAL wnéﬁsﬁ% "”};\ ’E @) a3
{IMANURE APPLIED SILT (%) e 47
CLAY (%) | 20
NITROGEN usoATex'gu@ﬁT' 051995 | ~ LOAM
PHOSPHORUS - P205

Utas Division O1L, Gas AND MINING

COMMENTS |

FERTILIZATION WILL BE MOST EFFECTIVE IF ADEQUATE MOIST URE CONDITIONS PREVAIL.
SOME YIELD REDUCTION IS POSSIBLE DUE TO HIGH SALTS

E

240 S.Main Street ¢ Brighton, Colorado 80801 e (303] 659-231 3
Mailing Address: P.Q. Drawer 507, Brighton, CO 80601




UMC 817.116_- REVEGETATION : STANDARDS FOR SUCCESS

The following summarizes revegetation trends, based upon 1989 to present monitoring resuits;
and discusses substrate and topographic considerations in relationship to the vegetative trends.

Present Revegetation Conditions and Trends

The general condition and phenology of the vegetation on site has improved due to moderately
favorable precipitation during 1992 and 1993, as opposed to the previous drought years 1989-91. - Plant
species cover has increased from 1989, and some shrubs and grassed have germinated to produce
numerous seedlings. Grasses and shrubs have increased in size and cover. The plant cover on the
reclaimed site is comparable to the region, and 1993’s increased growth was proportional to the reference
area. The general trend in vegetation on the site has been a gradual increase in shrub density, also an
increase of plant species of desirable forage quality with a simultaneous decrease in weedy species. There
has also been a general increase in total plant cover of desirable plants (from 13% in 1989 to 25% in
1993). The reclaimed site does not have the same dominant species as the natural vegetation, but the
species present provide good cover and quality habitat for animals. The reclaimed site has become a
functional ecosystem with a diverse assemblage of plants and animals, and habitats in good condition.
Due to the vegetation seeded and planted during reclamation, the J.B. King mine site contains more

desirable vegetation for grazing than the surrounding areas, which has been heav:lly utilized as winter
pasture for many years.

The perimeter fence surrounding the reclaimed site is in good condition and is being maintained
on a continuous basis by a local contractor. The erosion control features including the catch pond, and
rills filled with straw and rock are intact and operating. Erosion has not been excessive during the past
two years of greater precipitation. Soil surfaces have stabilized through natural processes of armor plating
with residual rock and compaction. The silt fences have been removed since their function of catching
sediment during the early mine reclamation is no longer needed. The site is continning to be monitored
and maintained to promote revegetation and erosion control. Grazing rights to the site were obtained by
WSMC through 1999 to exclude cattle. Vegetation and general site conditions were monitored during
1989, 1991, 1992, and 1993, and show a positive progressive trend in reclamation results.

Monitoring during 1993 showed that four-wing saltbush (Ariplex cg es*eens?‘was-themost
abundant woody plant species measured in the sample plots at 45% of the tof };ﬂ T of ¢
average density of 1304 shrubs per acre. Shadscale (Atriplex confertifolia) was e % ] ost abninds
with a density of 22% of the total and 632 shrubs per acre. Winterfat (Ceratpides lana;a).am DTEASEWOK
(Sarcobatus vermiculatus) each were 11% of the total with 328 and 320 shrubs per a respectwely

Rubber rabbitbrush (Chrysothamnus nauseosus) was the last shrub species vaith a signific@d} FerBity 90%%
of the total and 272 shrubs per acre.

D\}ﬁng 1993, the average percent cover of all monitored plots for ﬁu-ubs, grasses and forbs was
17.2, 6.8, and 0.9 respectivelly, for an average desirable vegetative cover of24. §7&“‘ &‘%@éﬁ&éﬁeﬁm MG
had an average percent cover of 7.4. Bare ground comprised an average of und cover;

litter, 17.4%; and rock, 11.6%.

The trends of the shrub density and total vegetau'on cover at the reclaimed J.B. King site can be

analyzed from the surveys and moqﬁoung conducted during the past.fonryears from 1989 to 1993. The
changes are related to two major factors: (1) nafugal. m disturfed substrates with gradual
changes in species composition, cover, and density evei' om and (%) responses to climatic

aoll (3
conditions and focal weather patterns, particularly amounﬁéﬂﬁnung of precigitation. The natural trend

11/94
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UMC 817.116 (continued)
November 1994
Page 2

planting of seeds and seedlings during early revegetation activities (1985 and 1986) partially shortcut the
weedy seral stage of succession. However, the site has had various amounts of weedy cover depending on
rainfall, the degree of soil and substrate disturbance, and the amount of desirable vegetative cover. In the
local weather conditions, a three- -year drought from 1988 to late 1991 has been followed with normal
snow and rainfall during the growing season in 1992 and 1993.

Shrub density increased from the three earlier surveys, but there was little apparent increase in
total shrubs between 1992 and 1993. The previously noted change in shrub density and percentage
composition has continued. The trend in shrub density was 1970 shrubs per acre in 1987, 2146 in 1989,
2430 in 1991, and 2224 in 1992. The 2880 shrubs per acre calculated in 1993 was somewhat denser,
probably as a result of a large number of seedlings, only some of which were large enough to be counted
as shrubs in ground cover. The number of shrub species has stayed fairly constant, but the composition
has been changing. Four-wing saltbush (Atriplex canescens) decreased in numbers and percentage of
shrubs from 70% in 1987, to 47% in 1989, to 37% in 1991; then increased to 47% in 1992. The density
and percentage was approximately the same in 1993 at 45% The number of four-wing saltbush shrubs
decreased during the earlier drought, and have been partially replaced as a result.of new germination.
Over the past two years, there were increased noted in winterfat (Ceratoides lanata) and shadscale
(Atriplex confertifolia) as seedlings generally over the whole site, and in greasewood (Sarcobatus
vermiculatus) in areas with clay or saline soils.

In summary, since the site was first revegetated, shrub denisty and percent composition has
changed in the kinds and numbers of shrubs. The composition change has been the result of natural
succession and replacement of shrubs, and as a result of the drought cycle followed by plentiful moistare.
The past two years has resulted in numerous shrub seedlings which were measured in the plant cover, but
not in shrub density. Portions of the reclaimed areas had greater density, and some shrubs are

germinating in specific soils. Greasewood was noted in the clay soils, and Gardner’s saltbush in shaley
slopes. o

The average total plant cover including weeds was measured at approximately 21.0% (12.9%
exluding weeds) in 1989, 14.8% (13.2% excluding weeds) in 1991, and 50.1% (22.0% excluding weeds)
in 1992; and in the latest survey, the total plant cover measured in 1993 was averaged 32.3% (24.9%
excluding weeds). This increase in vegetative cover the past two years was due to the more nearly normal
amount of precipitation the site received and the resultant increase in plant growth and germination.
Variance in plant microcommunities was still high due to the differences in soils, moisture, and other
ecological conditions. The dominate lifeform of the vegetative cover was shrubs although, during years of
low moisture, grasses and forbs increase in amount of plant cover. Three species of plants were
considered and were excluded when calculating total desirable cover. Halogeton (Halogeton
glomeratus) was the most abundant weed on the site, and is generally not considered desirable as forage
and can be poisonous to sheep when constituting a large portion of their diet. However, in the fairly early
successional stage present on the site, it promotes soil stability and its annual growth provides ground
cover (litter) for the following year. Summer cypress (Kochia scoparia), and Russian thistle (Salsola
paulsenu) were the other common weeds Asthe vegetatlon on the site proceeds through natural

factors-deereaseand-seitsurfaces change. A more
Rnt community types, this

natural vegetation will become $
trend can already be seen betweel

o7 L y 11/94
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UMC 817.116 (continued)
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Although the grass percent cover did not increase greatly from the previous year, many young grass
seedlings were observed in the past two years. Much of the grass was recorded as trace occurrences.
Several grass species that are common in the natural communities near the mine site are becoming
established onsite. Some of the grass species were in the original seed mixture, but are now becoming
large enough to be observed in the plots. The grasses noted as increasing onsife were needle and thread
(Stipa comata), galleta (Hilaria jamesii), and ricegrass (Oryzopsis hymenoides): Wheatgrasses
(Agropyron spp) are common, but difficult to identify due to extensive hybridization. Hybrids were
common throughout the site, and all hybrids of wheatgrasses were simply classified as one hybrid.

The other onsite condition undergoing change was the establishment of animal and invertcbrate
populations. Elk have overwintered on the site the past two years, and use by insects, birds, and small
mammal burrows were observed. Ant hills were numerous on site, and are easily seen because ants
denude vegetation surrounding their hills.

Substrate and Topographic Considerations

The soil chemical and physical characteristics on the J.B. King mine have a large influence on
revegetation plant cover, and affect the subsequent types of vegetation that persist on the site. The soil
texture and chemical nutrient status is of particular importance for plant growth and species composition.
Heavy, clay textured soils have very low plant growth in this part of the Colorado Platean due to poor soil
moisture conditions. Large concentrations of salts or alkali conditions in the soils can inhibit plant
germination and growth. The sedimentary shale and sandstone around the coal beds typically are high in
salts and some metals, and low in the plant nutrients of nitrogen, potassium, and phosphorus.

The majority of the soils observed on the reclaimed mine site are derived from a mixed substrate
including large amounts of shale, some sandstone, and other miscellaneous soil materials. The soils
tested on the site had a silty loam to silty clay texture, were basic, and had a high content of salts and
alkali. In general, shaley bedrock soils were high in alkalinity. Nitrogen and phosphorus concentrations
were low to medium, and potassium was average. Straw and other organic matter was observed in the top
layers of soil but nitrogen was generally deficient. Other elements in excessive amounts in these soils
were sulfur, boron, and iron; and either manganese or magnesium was also high. The onsite soils factors
that are severely limiting for arid climate plant growth include the high content of clay, salt, alkali, and
other minerals. The soil textures generally do not limit plant growth, but coupled with high salinity and
alkalinity, they can contribute to the problem.

Nutrients and fertilizer, as a soil amendment, are not effective for promoting plant growth if
adequate soxI moisture conditions are not present. This explains the poor growth and productivity of
vegetation dunng drought years. During years of adequate moisture, plant cover and productivity will
double when compared to dry seasons. The nature of the soils on the mine site andin- thamgwn@e@mes

plant species that are adapted to sofls with poor textures, high salt content. anfl ey iy b 4\ Ty

drought tolerant. The soils analyzed all contained some excess salt and alkali arct réquited‘ac } f
moisture for good plant growthé TI? ﬂ‘ equizement gnative plants fiis fHIdUE:
established in this region. ?N el i ! |
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