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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Sohio L-Bar Tailings Dam
State Located: New Mexico
County Located: Valencia
Date of Inspection: 16 August 1979i

! Inventory Number: NM00413
\

Brief Assessment of Dam and Recommended Action: p) ,

The dam is considered to have a high hazard potential according [/ A1to Table 2 of Appendix D of the National Program of Inspection of

Y( g/ {lDams. This classification is appropriate because of the nature of ,

i the stored materials and solution waters. f

fW #

The diversion works should accommodate the Probable Maximum IY
Flood (PMF). A technical analysis is needed to define the ability
of the diversion channels to carry the PMF. Overtopping could cause
erosion and possible breaching of the dam. The south diversion channel '

as presently designed accommodates 42 percent of tr PMF. The north
diversion channel as presently designed accommodates 72 percent of
the PMP.

Seepage sloughs and boils or solution cavities are present on the
downstream slope and toe. These should be repaired and seepage discharge
faces armored, filtered or otherwise designed and constructed to provide
a controlled discharge that does not allow sloughing or boils. Additional
piezometers should be installed and monitored and seepage and stability
studies should be performed after piezometer data is available to assure

{the stability of t,he darn to determine if liquefaction is a problem, and jto determine the nature and criticality of the downstream toils.

The effect of low pH solutions on soils should be evaluated to
assure the near and long term stability of the dam both from piping
potential and also from settlement of underlying coil.

I

The dam is, therefore, considered a serious hazard until detailed
studies prove otherwise or corrective measures are completed. Phase II
investigations as specified above are required to be performed by the

These should commence and be completed as soon as possible. Theowner.
owner should develop a contingency plan for protection of the public.

[ , ~

'_ | | :j /-,

Richard B. Catanach
N.M.P.E. #M57

TIERRA ENGINEERING CONSULTANTS, INC.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

NAME OF DAM SOHIO IrBAR TAILINGS DAM

INVENTORY NUMBER NM00413

SECTION 1 - PROJECT INFORMATION
,

1.1 GENERAL

a. Authority. The authority for performance of the inspection
and preparation of this report is the National Dam Inspection Act, I
Public Law 92-367, authorizing the Secretary of the Army, through the
Corps of Engineers, to initiate a program of safety inspections
throughout the United States. President Carter directed the Secretary
of the Army, on 28 November 1977, to commence at once, inspection of !

non-Federal dams that present a high potential for loss of life and
]property damage. On 20 July 1979, the Governor of the State of New '

Mexico requested Corps of Engineer assistance to evaluate the safety,

'

of mill tailing dams. The Phase I inspection was conducted by Tierra
Engineering Consultants, Inc, under contract with the U.S. Army Corps
of Engineers, Albuquerque District.

b. Purpose of Inspect $p_n. The Schio L-Bar Tailings Dam is listed
i as a uranium tailings dam containing more than 50 acre-feet of solution
| or being over 25 feet in height. The purpose of inspecting the dam f
| vas to determine if dangerous conditions exist at this site that could

lead to a failure and subsequent loss of life and property damage down-;

| stream and report the condition of the dam to the Governor of New Mexico.

!
| 1.2 DESCRIPTION OF PROJECT

|

a. Description of Dam and Appurtenances. The Schio L-Bar Tailings !Dam is unlike dams which are used for impoundment of runoff water. It
is designed to receive no in$ow of runoff and it has no spillway. Runoff
from the adjacent watersheds is diverted to bypass the impoundment and
dam. The only inflow into the reservoir is the tailings slurry pumped
to the site and rainfall which would fall directly onto the site.

The main dam extends across a gently sloping, wide drainage area
on the west. The northeast end of the reservoir is marked by a natural

|saddle, beyond the saddle the ground slopes away from the tailings dam '

to the northeast. A saddle dam was constructed over the natural saddle
to increase capacity of the tailings dam.

Schio IcBar Tailings Dam is currently at an elevation of 6193 feet
M.S.L. at the lowest point and elevation 6197 feet M.S.L. at the highest
point. The dam is about 41 feet above the ground surface elevation.

1-1



The maxirum height of the dam in at the west end where the dam is
45 feet above the original ground surface. The ultimate elevation
of the dam will be 6220 feet M.S.L. about 70 feet above the original
ground surface. The saddle dam is at an elevation of 6220 feet M.S.L.
The saddle dam is about 30 feet above the original ground surface.
At ultimate height, the main dam 'will have an embankment length of
4000 feet. The length of the embankment of the saddle dam is 1500 feet.

The dam was initially constructed with a compacted earth fill
starter dam. The starter dam was about 2000 feet long and 30 feet
high with side slopes of 23 Horizontal on 1 Vertical upstream and
slopes of 3 Horizontal on 1 Vertical downstream. The starter dam
was provided with a continuous vertical chimney drain. The chimney
drain is connected to five foot by five foot horizontal finger drains,
at 100 foot centers. The dam is currently being raised by the spigoting
method. The spigoting method of construction is an upstream construc-
tion operation which involves deposition of mill tailings slurry at
the current crest of the dam. The solution flows towards a central {impoundment. This method allows deposition of the heavier sands near
the embankment and finer materials, " slimes ," settle towards the
center of the dam. The dam is then raised as necessary by dozing sand
materials into a dike around the perimeter as required to contain the
tailings and solution. A floating barge decant system removes clear
solution from the center of the pond. The decant system discharges
into a downstream pond. Mill tailings are delivered to the pond by
means of a steel pipeline.

The tailings dam area is protected from upstream runoff by two;

| diversion channels. . Typical sections of the channels are shown on drawings
; 37-G-03 and 04, Appendix A. Construction drawings and actual dimensions
j were not verified in the field. The south diversion channel which is

the larger is shown in photos 20 and 21, Appendix F. Project plans,
sections and details are shown on construction drawings, Appendix A.

| b. . Location. Sohio L-Bar Tailings Dam is located in the Cebo11 eta
Grant about 1 mine north of Section 23, Township 11 North, Range 5
Vest, (projected Section 14, Township 11 North, Range 5 West), Valencia
County, about 16 miles north of Laguna, New Mexico (See Vicinity Map,
Appendix A).

c. Size Classification. In accordance with Table 1 of Appendix D ]of the National Program of Inspection of Dams, Schio L-Bar Tailings
|Dam is an intermediate-size structure by capacity criteria with greater i

than 1000 acre-feet and an intermediate-size structure by height criteria |
with a current height of 41 feet. These criteria would classify Sohio
L-Bar Tailings Dam as an intermediate-size structure.

i
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d. Hazard Classification. In accordance with Table 2 of above
reference, the hazard classification of Sohio L-Bar Tailings Dam is
high. This classification is felt to be appropriate because of the
nuclear materials contained in the tailings and the acidity of the
solution waters. The pH of the solution and seepage waters is about
1.0. The general topography downstream of the dam is quite flat
(See ynotos 18 and 19, Appendix F) and flood waters immediately
downr,tream would not be concentrated. However, since site-spe:ific
stuiles near inhabited areas were not conducted, it is appropriate to
assume that human life may be endangered by the tailings and solution
and, therefore, to assess the hazard as high.

e. Ownership. Schio L-Bar Tailings Dam is owned by the Sohio
Western Mining Company, P.O. Box 25201, Albuquerque, New Mexico 87125

f. Purpose of Dam. Schio L-Bar Tailings Dam is used for depo-
sition and storage of tailings and solution water utilized in the
uranium milling operation.

g. Nor el Operational Procedures. The normal operating procedure {is to route t.111ngs to the dam by pipeline in a water-tailings slurry. |The tailings are spigoted or discharged into the reservoir through
rubber lines at the areas where additional tailings can be accomodated.
The alimes and tailings solution then flow into the pond and are
allowed to clarify. The clarified solution is decanted by a barge- q

mounted pump. The water is then recirculated back to the plant for
.

re-use.

13 PERTINENT DATA
l

a. Drainare Area. Extensive data is available on the Schio
Tailings Dam, as presented in the drawings in Appendix A. A drainage
map is provided in Appendix C. Conventional data on a water storage
reservoir, such as the elevations of different storage pools, are not

,

relevant to this structure. The dam impounds and is partially built j
from tailings which are brought to it by pipeline. It is designed to '

receive no inflow of runoff and it has no spillway. Instead, runoff
from the adjacent watersheds is diverted to bypass the impoundment and
dam. Rainfall and runoff could jeopardize the structure in one of the
following ways: Direct rainfall onto the pond in excess of freeboard
would cause overtopping; rainfall on the dam surface (downstream slope)
could cause erosion and/or accelerate gullying and piping; a flood flow
from the adjacent watersheds could overtop the diversion channel and
erode the structure from the outside. To address these questions, the

,

primary data of value are: Freeboard within the impoundment; size and I
daaracter of the upstream drainage area; and the nature and capacity
of the structures used to divert water around the impoundment.

|

1
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A freeboard of about five feet is maintained in the tailings
pond, according to design data (see drawing 37-G-03 in Appendix A). .- t

- Records from the end of June,1979, . indicate that there was a free-
.

. board of 3 35 feet-(fi e data, State Engineer's Office). At the time
of the inspection, the minimum freeboard was five feet.

As shown on Drawing 37-G-05, Appendix.A, there is'a small' drainage *
area of 37 3 acres north of;the impoundment.' - A diversion channel.with '-

'a capacity |of'280 c.f.s.~has been built to capture runoff from this
area; the channel discharges to the valley downstream of the dam.
Drawing 37-G-04 shows that the channel is trapezoidal, 4 feet deep
with a 4-foot bottom widtb and 1:2 side slopes. The upslope side grades
to the natural land surface, permitting runoff to enter the channel from
the watershed. On the south side of the impoundment, the drainage. area"

;is>230'~ acres (drawing 37-G-05). ALdiversion_ channel with capacity of|
"840 c.f.s. has been built.to carry runoff |from thelvatershed, and dis-

.

charge it downstream- of the ~ dam... Drawing 37-G-03 shows the cross-
section of this ditch. It is a modified trapezoidal channel. The
drawing indicates that when mining is completed, the channel will be
enlarged, but the capacity of the enlarged channel is not referenced.
Runoff from a small area of about 5 4 acres east of the impoundment
is controlled by a roadway drainage system, which discharges into the
arroyo just east of the starter dam. Slopes in the drainage areas
above the impoundment average about 10 percent. Most of the land is
rocky and covered with grass; however, considerable impervious surface
exists in the area of the mill and along roadways.

b. Elevations. All elevations are given in mean sea level. Based
on topographic maps and current surveys prepared as part of water rights
filings and project design:

Top of Dam: Elevation 6193 feet (current) Elevation 6220 feet
(ultimate)

Maximum pool-design surcharge: Not applicable

Full flood control pool: Not applicaole

Spillway crest (updated): None

Streambed at centerline of dam: Elevation 6152 feet

Maximum tailwater: Not expected to occur.
s

c. Reservoi r.
(

l /
Length of normal pool: Not applicable

.
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d. Storace. (acre-feet)

Normal pool: 1,100 acre-feet (current) approximately, based
upon design area-capacity curve.
4,300 acre-feet (ultimate), approximately, based
upon design area-capacity curve.

Dead Storage: Not applicable

Top of Dami 1,600 acre-feet (current), approximately, based
upon extrapolation of area-capacity curve.
5,300 acre-feet (ultimate), approximately, based
upon extrapolation of area-capacity curve.

Design Surcharge: Not applicable

Reservoir Surface (acres).e.

Normal pool: 98 acres (current)
160 acres (ultimate)

f. Desien and Construction History. The design and construction
of a tailings dam is an ongoing process which is updated periodically
and includes suggested raises and stability analysis. The most current
report for this dam is the Woodward-Clevenger and Associates, Inc.
Report dated February,1974, which addresses itself to " Engineering
and Geologic Investigations and Consultations," which is available
from the State Engineer's N,fice or from the New Mexico Environmental
Improvement Division. It was the understanding of the inspection team
that a visit by the consultant is made on a yearly basis.

The dam was begun in 1976 with a 30 foot high clay starter dam
and was recently raised using tailings and an upstream construction
procedure, as shown in construction drawings in Appendix A.

i

g. Outlet Works.

Type: Decant barge with discharge line around the ' tailings and dam.

Closure: Valves and pump |

Access: Ramp

Regulating Facilities: The intake level is regulated by pumping
as required.

h. So111 var. None

i. Diversion Channels. Two channels have been constructed. Stated
capacities are 840 c.f.s. for the south side and 280 c.f.s. for the

north side. Locations and sections are presented on plans in Appendix A.

1-5
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Limited design data for Schio 1,-Bar Tailings Dam are available
from the State Engineer's Office in Santa Fe, New Mexico. Available
data consist of plans for the dam and appurtenances, specifications
and a geologic and stability presentation. Information available
from the Environmental Improvement Division consists of plans for
the den and appurtenances, specifications, a hydrologic and ground
water presentation and a geologic and stability presentation.

2.2 CONSTRUCTION

b
Construction is an ongoing process. Materials used are sands

from the tailings for current raises. The starter dam was constructed
of a clayey, semi-impervious material. Borings and laborabory testing
results are available in the Woodward-Clevenger Report on file in the
State Engineer's Office. A print showing the section used for the
starter dam is presented in Appendix A, plates 37-G-02 and 03 Material
used for construction was an engineered fill and utilized on site
materials for the conpacted fill dam. The successive lifts required

4 to contain the tailings above the height of the starter dam are
constructed using an upstream method which is detailed in Appendix A,
plate 37-G-03 The method in general consists of pushing coarse
tailings sands, which have been deposited near the dam, into a berm.
Materials are not compacted except by the passage of the construction
equipment. Several raises are anticipated as shown on above referenced
plate. The first of these raises was being constructed at the time
of the inspection and photos in Appendix F show the berm as constructed.
Construction control is provided by the mine owner and the construction

,

is performed under contract with local construction companies. j

23 OPERATION

Some data on operation of the structure is available at the State
Engineer's Office relative to water usage and reservoir levels. Day-
to-day discharge and inflow records are not available in the State

Engineer's Office. Records as related to mill operation are available
at the project office. The Environmental Improvement Division maintains
an operation file, relative to radiation releases.

a. Availability. The files in the State Engineer's Office include
much of the data needed for evaluation.

2-1
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b. Adeauacy. Studies performed for the dam include a stability
and geologic investigation, a hydrologic and ground water investigation
and studies required for preparation of plans and specifications and
construction. A review of available data indicates that studies
performed were adequate for' initial construction. Additional studies
evaluating the performance of the structure should be performed to
verify initial design concepts and construction.

c. Validity. Examination of State Engineer's File data indicate
that the material properties used in the etability analysis are
acceptable. Use of the reported embankment properties and the slopes
of the dam used would lead to safety factors near the ones reported.,
'Jhe11ocation .of the phreatic surface,1however, should be re-evaluated

-as sloughing is noted on the new tailings ~ dike and solution holes were k
observed near the crest of the starter dam.-- A higher phreatic surface '

would require verification that the drain is coperating and new stability *"#4analysis to assure the stability of the dam. High phreatic surfaces
would also cause concern that liquefaction could become a problem.
Therefore, the liquefaction potential should be addressed for the
portions of the dam constructed from tailings! Determination of..the
phreatic surface, if appropriate, should be ' performed immediately.

.

,

|

|

|

1

|
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SECTION 3 - VISUAL INSPECTION

31 FINDINGS

a. General. A visual inspection of Schio L-Bar Tailings Dam
was conducted on 16 August 1979, by representatives from Tierra
Engineering Consultants, Inc., Lee Wilson and Associates, and the
Sohio Western Mining Company Representatives. The inspection team
consisted of the following:

Ed Maurer
Sohio Western Mining Company

Bill Turner
Schio Western Mining Company

Jim Bazemore
Sohio Western Mining Company

Merill Allen
Schio Western Mining Company

Dave Jenkins, Geologist
Lee Wilson and Associates

Ed Ytuarte,. Engineer
Tierra Engineering Consultants, Inc.

Richard Catanach, Engineer
Tierra Engineering Consultanta, Inc.

'Ihe dam, downstream area and upstream area was inspected. The water
surface elevation at the time of the inspection was approximately
6188 feet M.S.L. Photographs are shown in Appendix F.

,

b. Dam.

(1) Cres t. Construction of the first tailings dam above the
starter dam has been completed. The dam was raised using tailings
in the immediate vicinity of the crest. See photos 2, 7, 8 and 9,
Appendix F. The crest is backed by a sand tailings beach of several
hundred feet, however, at the time of the inspection, tailings were
being discharged immediately adjacent to the crest. If tailings
are dumped next to the crest ,and have no access to the main. pool,
then~the' slimes: also settle near the.~. crest and provide a: layer of

~

weak material' underlying future raises of the dam. '

'

.

\

Seismicity and stability of the dam are of concern and discussed - '

in Section 6, paragraph f.
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| (2) Downstream Face and Downstream Toe Area. The downstream
face and the downstream toe area of the dam provide the areas
of most concern.= On the new. Phase;I. lift,. seepage is emerging
at the; level of' the' crest ~of the- starter dam and several " solution

'

holes"'or " boils" mere observed. = ' See photos 22, 23 and 24,
Appendix F. Portions of the slope have sloughed and the as-built
slope appears quite steep. In the sloughed areas the slopes are
nearly vertical, see photo 24, Appendix F. The remainder of the
dam appears to have been constructed to design criteria with some
exceptions where the work was not yet completed. Photo 6, Appendix
F illustrates where additional work is required to complete the
structure.

~ Cracks were'noted on_ downstream face of the' starter dam'' starting '

approximately'100 feet from the piezometer'line and continuing ,
200 feet north. These cracks run downstream on the face and
seem to be concentrated mostly mid-way on the dam. The largest
crack is about 6 inches wide, perhaps more than 2 feet to 3 feet
deep and approximately 10 feet to 15 feet long. See photo 35,
Appendix F.

The chimney drain is exposed on the crest surface of the starter
dam. See photo 10, Appendix F. On the lower starter dam slopes,
there are cracks which appear to be erosion t.hannels and holes
in a dispersive soil. See photos 35, 36 and 37, Appendix F.
At the toe, seepage is emerging fro'm the finger drains quite
high on the slopes. See photos 25, 26, 27 and 28, Appendix F.

' Solution' waters ponded in the seepage collection channel appear
to' be reacting with the' underlying soils as e'vidence by bubbling
and scum on the surface. See photo 29, Appendix F.~

~The pipeline used to carry mine tailings to the reservoir is t

located"on the crest'of the' starter dam ~.. The pipeline is not
| equipped-with a safety shut-off switch. The return pipeline for

seepage waters is buried under the cres' of the dam.. See photos
'

32 and 33, Appendix F. The roads are not wel1~ maintained for
| patrolling and the pond is not lighted to allow night-time

observation.

(3) Upstream Diversion Channels. The upstream diversion"
channels are not designed to carry the flows required by Corps e

of Engineer's criteria for dam evaluation. The channels have-
| stated capacity of 280 C.F.S; and 840 C.F.S. ' The Corps' criteria
i indicates a Probable Maximum Foood-(PMF),of 388 C.F.S.'and 2000-
| C.F.S. from the north and-south watersheds respectively. 7he

i
! Corps' values were obtained using the chart labeled " Maximum
| Experienced Peak Discharges" presented in Appendix C. The

channels are in good condition with no noted blockages. Photos ;

20 and 21, Appendix F, show the south channel.
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(4) Decant System. The decant system was not inspected, as it
does not affect the stability of the dam.

(5) Saddle Dam. The saddle dam appears to be in good condition
except for rodent activity and the apparent reaction of solution'
waters with the earth dam or foundation'at the upstream (sest)' toe.
This is evidenced by bubbling and scum on the surface. - Rodent
activity was present at all levels of the dam from the crest to
the downstream toe, however, most of the burrows were located
near the downstream toe to about the mid-height of the dam.
See photos 40 through 43, Appendix F, for the saddle dam.

32 EVALUATION

a. Cres t. The crest requires repairs to assure its stability.
Sloughed areas should be filled and the seepage discharge faces should
be armored, filtered or otherwise designed and constructed to provide
a controlled discharge for seepage waters. Emorging seepage waters

)
should be gathered and conveyed to a safe discharge point. The down- '

stream slope and crest should be constructed to the configuration
suggested by the consultant in the Woodward-Clevenger report and as
presented in the plans shown in Appendix A. Adequate freeboard should
be maintained and borrow for future raises obtained in a manner that

j allows drainage to reach the pond area.

b. Downstream Face and Downstream Toe Area. The downstream
face and downstream toe area require study to determine the effects
of low pH solutions on soils.to assure the near and long term stability
of the dam from piping potential and also from settlement and cracking.
The same analysis is required for the foundation materials. The high ;

exit face on the finger drains should be evaluated to assure that the !

dam is stable under these conditions. The stability of the structure
under seismic activity is discussed in Section 6.

| c. Upstream Diversion Channels. The carrying capacity and
configuration of diversion channels should be evaluated and upgraded
to provide safe discharge of upstream flood water.

d. Saddle Dam. The saddle dam requires maintenance to fill
rodent holes and eliminate the burrowing animals. The dispersive
soil study required for the starter ' dam should be applied to the
saddle dam also.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

Schio L-Bar Tailings-Dam is used to store mine tailings and to
decant solution for re-use. All tailings and solution are trans-
ported to the dam in a steel pipeline and then spigoted over the crest
at the location where additional tailings can be accommodated. The
only other waters which can reach the pool are rainwaters or an over-
topping of the diversion channels. There is no spillway and the pool
is maintained well inside the tailings pile and against the saddle dam.
The only means of emptying the solution would be to pump the pond dry.

4.2 MAINTENANCE OF DAM

The Schio Western Mining Company is responsible for maintenance
of the project.

4 3 MAINTENANCE OF OPERATING FACILITIES

The Sohio Western Mining Company is responsible for maintenance
of operating facilities.

4.4 DESCRIPTION OF ANY WARNING SYSTEMS IN EFFECT

There are no warning systems.

4.5 EVALUATION
'

Maintenance is required on the downstream slopes to fill in
sloughed areas caused by seepage. The sloughs tend to steepen slopes
and provide areas of' low stability. The road system should be up-
graded to assure accessibility to all parts of-the main dam and
saddle dam e~ven in bad weather. A warning system should be established
and maintained on the dam. *This'could take the form of an emergency' shut-
off onf the mine' tailings.. lines and. lighting of' the structure so? that' . trained
patrolsicould observe-the structure at night. ' Seepage should be-

~

monitored to assure that quantity or character of flow does not change
dramatically in a short time.
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SECTION 5 - HYDRAULIC / HYDROLOGIC

51 EVALUATION OF FEATURFS

a. Design Data. The minimum standard for the Schio Dam is the
ability to safely pass a Probable Maximum Flood (PMF). As discussed
in Section 13, the dam is not a conventional structure which retains
normal runoff. Rather, the design provides for runoff to bypass the
impoundment completely. Therefore, the analysis of the design flood I

is not a conventional study in which the adequacy of the spillway is
evaluated. Rather, it is necessary to consider the combined influence
of rainfall and runoff in and near the structure from within or without.

IData on the design of the diversion channels is contained in
Sohio's 1974 environmental report to the New Mexico Environmental
Division (then Department). This report.is available in the Environmental
Improvement Division office in Santa Fe, New Mexico. The estimated
PMF is 20 inches, and the 100-year runoff for the drainage south of
the impoundment was estimated to have a peak of 210 C.F.S. The PMF
runoff was estimated to be 4200 C.F.S. The channel has a capacity of

| 840 C.F.S., sufficient to pass the 100-year event but not the PMF.
Therefore, the channel would overflow during a PMF event, possibly|

| causing runoff to erode the tailings dam from the outside or the
pond to fill causing either overtopping of the dam or an erosional

j breach which could permit a tailings spill. The report gave no
| information on runoff from the northern part of the watershed, but a

similar situation is presumed. to exist there.

| Application of the Albuquerque District Corps of Engineers
| envelope curve for maximum experienced peak discharges (PNF curve
j included in Appendix,0) indicates that the peak discharge from the.

southern watershed would be expected to be about 2000 C.F.S. This
is less than estimated by Schio, Wt still above the capacity of the |

,

diversion channel. Use of the Albuquerque District Curve indicates
the peak discharge from the northern watershed would be about 388
C.F.S. The channel velocities at the high flows should be evaluated
to assure that they do not endanger the channel by erosion.

. h
A PMF of 20 inches would not in itself cause overtopping of the i

impoundment if a freeboard of 5 feet is maintained. However, if the
actual freeboard is only a few feet, as has been observed, then the
PMF itself would represent a potential danger to the structure.

=A technical analysis'is needed to define the ability of-the ,
,

channels to carry .the PMF without' causing erosion and possible breaching '

of the dam. This analysis must take into consideration the rise in the"
impoundment which would occur with a PMFT especially given~ the' free-- I
board which is normally maintained. Further, the analysis musti consider j
the fact that' erosional gullies,.' burrows, cracks'and incipient piping * 4

could add to'the breaching potential.

|
|

5-1



_____ _ .______ - - - -

-

SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observation. The embankment appears to be stable with
the exception of the seepage noted at the base of the recently raised
tailings dam and' the high seepage line noted on the starter dam.

[ These items, along with possible dispersive soil conditions when
l exposed to acidic solutions, need to be assessed,

b. Desien and Construction Data.

(1) A design analysis of the tailings dam was conducted by
Woodward-Clevenger and Associates. The results indicate that

( the dam is stable if constructed to the configurations shown
and if the phreatic lines are as assumed. The dam should be
re-evaluated after piezometer data is obtained to establish the

[ existing phreatic surface and present dam configuration. A
L seepage analysis should also be performed to assure that the

holes at the crest are not a hazard, or caused by dispersion
of the earth materials.

(
(2) Construction is an ongoing process and records are main-
tained on site when the embankment is raised.

c. Operatinc Records. Limited operating records are available
in the State Engineer's Office as to lake levels and water added.

!Records as related to mill operation are available at the Project Office.

-d. Postconstruction Chances. Ongoing.

f
i

e. Geolocy. Geological conditions at the site are described in
|a report to Sohio prepared by Woodward-Clevenger and Associates in '

1974. Unless otherwise stated, all the information presented in this
{ section is obtained from the referenced report. A 5-20 foot thickness

of overburden is found beneath the dam and impoundment site. This
material is dominantly stiff, slightly moist clays which are porous

[ and which will collapse under load when wetted. Capping much of the
t area are basaltic gravels, cobbles and occasional boulders. During

our inspection, limestone gravels and cobbles were also observed in
the overburden material.

[
The overburden lies on firm to medium hard bedrock which becomes

very hard with depth. The bedrock is stratigraphically part of the
[ lower Mancos Formation, which is exhibited here as a shale with
h siltstone and sandstone, dipping 2-3 North. The upper part of the

bedrock is a thin-bedded and highly fractured claystone. It contains
gypsum in the beds and fractures; from 2-6 inches of the upper 10 feet

6-1
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of the bedrock is (in composite) made up of gypsum. Based on informa-
tion provided to the inspection team during our field visit, the over-
burden and/or bedrock probably contains calcareous minerals which
wov'' be dissolved by acidic seepage waters.

The report indicated that there was no evidence of faulting in
the vicinity of the structure. U. S. Geological Survey Map GQ-209
shows no faults in the vicinity. However, it should be noted that the
nature of the soils and rocks in the area make it difficult to identify
faults.

Woodward-Clevenger concluded that the overburden and bedrock are
capable of supporting the dam, with minimal foundation preparation.
It was recommended that the dam be constructed using the clay over-
burden soils at optimum moisture content or above, in order to achieve
as much plasticity as possible in the dam and thus minimize the risk
of e mcking and subsequent piping when settlements of the porous
overlying sandy clays occur as the dam foundation soils become wet.
Information on the actual construction , material is limited. Presumably
the material could contain some calcareous minerals, as observed in
the overburden (alluvium) downstream of the dam.

At the time of the Woodward-Clevenger investigation, there was
no free water observed in the overburden or near-surface bedrock beneath
the (then-proposed) dam and impoundment. It was predicted that seepage
through the starter dam would be minimal, since the dam would be con-
structed of available clay soils which would be essentially ' impervious'
when compacted (quotes in original report, page 21). Some seepage was
expected to occur through the overburden soils, but the quantity was
expected to be small. Seepage which penetrated the clay overburden
was expected to move more rapidly once it reached the fractured shale
bedrock. Even though the clay overburden is considered nearly impervious,
a seepage rate of as much of 225 gpm was conservatively estimated by
the Woodward-Clevenger Report. The report considered it more likely
that the seepage rate would be on the order of 135 gpm. It was recommended
that piezameters be installed within the dam, and monitoring wells were
recommended for downstream of the dam. No recommendations were pro-
vided to measure the phrentic surface in the overburden and bedrock
beneath the dam.

Coarse tallings are being used to build dams above and upstrea:
f of the clay starter dam. A chimney and finger drain system has been

installed in the starter dam to carry seepage. Seepage is evident at
the too of the starter dam. According to a letter from Vor,dward-Clyde
Consultants to Schio (dated 12 September 1978) the seepage occurs at
points coincident with the placement of the finger draine. The seepage
exits as much au six feet above the bottom of the seeroge collection
ditch that parallels the toe of the starter dam. The design drawings'

indicate that the finger drains could cause seepage to appear at least

6-2
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four feet above the bottom of the ditch. The reason for the higher
exit point is not known. The drains may extend as high as six feet
above the seepage ditch. Or, reactions of acidic seepage water with
limestone boulders in the drain material could be causing precipitates
of other minerals which have blocked the drain, for-ing seepage up
into the structure. However, Sohio officials report that the drain
material consists only of basalt boulders; if this report is accurate,
the first explanation for the seepage exit point is more likely.

The piezometers are installed above the elevation of the top
of the finger drains, and thus do not provide data on the phreatic
surface. The piezometers have been dry since installation according
to Schio officials. 'The Woodward-Clyde. letter.noted that it'is~vitale

'
a

'to the stability of the~damito ' establish a phreatic tlevel' welli below thel,
' downstream face and recommended! installation of piezometers fort

,

.

monitoring of.this' surface.- In a-letter to Sohio onil March 1979,4
the New Mexico Stato Engineeristated that'the company'h'ad'not monitoreds

rground water seepage in a. manner acceptable to 'the State' Engineer.'

The seepage was clear at the time of our inspection. Air bubbles
were observed in the bottom of the ditch. According to Schio officials
who accompanied the inspection, the bubbles are caused by acid reactions
with clays in the overburden beneath the dam. The acid Js caused by
seepat;e from the seepage collection ditch which gathers water from the
finger drains, rather than underseepage. The dam has been affected
by erosion gullies, shrinkage cracks and animal burrows according to
all inspection reports on file; such features along with possible
incipient piping were visible at the time of our visit. Drainage in
the seepage ditch and runoff from the rond on the dam contribute to the
erosion problema.

A number of questiona must be resolved in order to properly
.

evaluate the stability of the dam. ~First',~the nature of seepage throug,h
Land beneath~the structure'should be monitored in a menner which will e
permit: 'a) definiti~on of the general phreatic surface-in the' dam, *

overburden and bedrock' materials,'to include, areas beneath and upstream
,

-of the' dam as well as downstream;.b)idefinition bf variatibna"in this. "
surface associated with the finger drains and the seepage 1 ditch.
Second, any material which would be ' subject to significant scepage
'(based on the~above analysi's)'should be investigated to determine if-
it would be' adversely affected by the seepage.'" Adverse effects.which,

oif' extensive"enough, could be a source'of concern include: Solution
of carbonates from the dam material', drain material, overburden' ori
bedrock;' precipitation of minerals in the finger' drains;| solution'of2

if wetted;' piping ~ associated with seepage through the various materialgypsum from the bedrock; collapse'of the foundation' overburden ~or. dam"s.
The evaluations will require more definite information on'. dam' and- drain2

materials than is now ~ available, 'as well- as a more extensive network
"of piezometers.- -

+
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f. Seismic Stability. Sohio L-Bar Tailings Dam is located in
seismic zone 2. A seismic zone map and an epicenter map are presented
in Appendix A. A seismic evaluation of the Grants Uranium Belt-_ area
was made by Allen Sanford in a 1975 report to Kerr-McGee, available
from the New Mexico State Environmental Improvement Division. This
report concluded that the maximum earthquake expected in the area in
a 100-year period would have a magnitude of 5 This size event could
also be considered as the maximum credible ' earthquake for this area.
This event would cause ground motions with a vertical acceleration of
0.lg. This analysis is not much different from the predicted accel-
eration of 0,06g given in the Woodward-Clevenger Report; for our
investigation, an acceleration of 0.lg was considered appropriate for
evaluating seismic stability. The possibility of liquefaction due to
earthquake loading was not addressed in the Woodward-Clevenger Report.
With the possibility of a high phreatic surface as discussed in
paragraph 2.4.c. and 31.b. (2);the potential for liqbefaction' increases,n
and should' therefore be addressed.

i

!
l

i
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SECTION 7 - ASSESSMENT AND REMEDIAL MEASURESI

71 DAM ASSESSMENT

a. Sa fe ty . - Based on the visual inspection of 16 August 1979,
several existing conditions should be corrected in the near future to
prevent further deterioration and assure continued safe operation of
the project. These repairs and changes are discussed in paragraph 7 2.

The dam is considered to have a high hazard potential according
to Table 2 of Appendix D of the National Program of Inspection of
Dams. This classification is appropriate because of the nature of
the stored materials and solution waters. -

The diversion works should ' accommodate the' Probable ' Maximum
'

Flood (PMF). 2A technical analysis is needed to define'the abilityi
of the diversion channels'to carry the'PMF. Overtopping could caus'e
erosion and possible breaching of the dam. The south diversion channel .

sa presently designed accommodates 42 percent of the PMF. The north .

*

diversion channel as presently designed accommodates 72 percent of
the PMF.

- Seepage sloughs and boils . or solution ~ cavities are present on the
j ' downstream slope.anditoe.~ These should be repaired ~and seepage discharge
'

faces armored, filtered'or'otherwise designed and constructed to provide
a controlled discharge that does not . allow sloughing or boils. 'Additionalf
piszometers should be installed and monitored and seepage and stability? ' '
' studies"should be performed after| piezometer data is?available to assureE

the stability of the ' dam, to ' determine if liquefaction is a problem, and
'to' determine the nature and criticality ~of the downstream boils.

'1ha"effect of. low pH-solutions on soils should be evaluated to~
.

assure the near and long term stability of'the~ dam both from piping
potential and also from settlement of underlying soil.,

!

The 'dair"is, therefore,! considered 'a seriousfhazard until detailed #

studies prove' otherwise or corrective ' measures 'are completed.1, Phase II
; investigations as specified above are required to be performed by the

~

t

These should commence and be completed as soon as.possible. 'The.owner.
;

' owner should develop a contingency. plan for protection of the public. !

b. Necessity for Phase II. Phase II investigations by the owner,
as described in paragraph 7 2(b) are required to further evaluate the
safety of the structure. These studies should commence and be completed
as soon as possible.

- c. Urcency. Under present operating conditions, there is no
immediate danger to the dam, however, Phase II investigations must be
completed to fully access future operation policies.

|
1

I
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72 PJMEDIAL VJASURES

To minimize the pcssible loss of life and property and to assure p,
continued safe operation, = the following items are required: 14 g

( V '94
a. Operation and Maintenance Measures. ,; |

(1) All eroded faces on the dam should be filled and the seepage
discharge faces armored, filtered or otherwise designed and

,

constructed to provide a controlled discharge.

(2) An emergency shutdown system should be implemented to prevent /b(
a washout of the dam by a break in the tailings delivery line. ' \d

W

%|) 0)V '/hM(3) The dam area' roads should be improved to allow easy patrol
and monitoring on a 24-hour basis. -Safety berms should be
installed on the roads to provide safe travel and to prevent the X
washing away of the dam slopes. Lighting should be provided to
assure that' night patrols can make adequate inspections.

(4) An emergency plan should be implemented and patrol personnel
instructed on required action in the event of. danger to the \
structure. Personnel should also be instructed on items to look
for in performing patrols (i.e.,' increased seepage or change in
character of flow, etc. ).

hg/
b. Additionni Investigations.

,

. (1) The meepsge and stability analysis should be upgraded as t *[dsoon as results of piezometers are available. Study should N
include an analysis on nature and criticality of boils on down- ) IQt'$pstream toe. Also if a high phreatic surface is found that would
affect future raises of the dam, the potential of liquefaction
of the tailing berms should be addressed. L(q

(2) The diversion channels should be evaluated to assure safe M C
discharge of the PMF storm.

(3) The effects of low pH solutions on soils should be evaluated gto ascure the near and long term stability of the dam both from
piping potential and also from settlement of underlying soil and
the effects - on surface materials.

(4) Type of aggregate used for finger drains should be
determined.

c. Additions to Current Operatine Procedures. A varning system
and emergency action plan hould be developed for this project.
Discussion of such a plan a presented in ASCE Publication, "The

.

|V
Evaluation of Dam Safety, page 463 See Appendix G. ?

( }v-
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CHECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: North of impoundment, there is
a 37.3 acre drainage area. On south side drainage area is 230
acres. Slopes average 10%, land is rocky and covered with
grass, with considerable impervious surface.

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 6188' present
(1100 AF and normal pool), 6220' ul tima t e 4400 AF and normal
pool)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): N/A

ELEVATION MAXIMUM DESIGN POOL: 6214 Feet

ELEVATION TOP DAM: 6193 present, 6220 ultimate

CREST:

a. Elevation 6193-6197 feet
b. Type Tallings
c. Width Variable
d. Length 4,000 ft.
e. Location Spillover None
f. Number and Type of Gates None

OUTLET WORKS:

a. Type Floating Barge decant unit
b. Location South Abutment
c. Entrance inverts variable
d. Exit inverts Information not available
e. Emergency draindown facilities None

HYDROMETEOROLOGICAL GAGES:

1. a. Type: Recording rain gages
b. Location: San Mateo, Laguna
c. Records: National Weather Service Albuqueraue

Sunport
2. a. Type: Non-recording rain pages

b. Location: Grants - Milan Airport
c. Records: National Weather Service Albuoueraue

Sunport
3. a. Type: Peak discharge

b. Location: Encinal Creek, 6.8 miles north of Casa
Blanca
c. 1937-39, 1959 present U.S.C.S. Water Resources

Division, SOS Marouette NW, Albuouerque, NM
MAXIMUM NON-DAMAGING DISCHARGE: Not assessed

f
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_ _ _ _ _ _ _ _



'

* ' '!',..

/ -
. n *s

,

-

. . . .w. . . . . . . l \ . : /
-

i
-

| : -)
*

~~.g,..,,
, .

, . r ,,
#.. s... / [. ....$ { ;

*
# '/-i

"g---

ec % v

- n ..% y '; < i
'

,|,
f .

*
s w *) Qg ,

3. . p
* ~, g.,q

-j

G
.

g(v'~" ' e Q- .

h.p.
'

f Dg-
,

- }p
A+

*,

i S , , qg~

gON N t . yy ; .\ l

s

-,

'W V 's .-
_

' g^ u ..s,,,MP \m
',

!
+
,

, - ..

(f;n .U
yh ('[k

b *ip [hk* *Q 4t s

*? h & ?'$ h; * . ,h. b
,

'n

yA E p ff [ yf
'*-

-
, - ' \

ch,4.=****==.=*=.%'t..,gf&\ Qh?)(hkid)
~

'

j ' ''__

1 JW N -QWc p.een ~ ' %% Qw"s / <-N
c

'

I dMUMO cw
Nd' r,*,**U.T > 4 7/A

l' 'D. q.-..' f .. fe v,.,) f,n)L Os s?g e,,1, y;
: -ya

.

ti8
- , ., t~ 'm..7 13 , . . d d Ay,'gg-mCw,n n ,**p%ne ..

e

. , , ,
' p -

i h hI N , Y Y, .,, r;pIfk QN,I.M d'i
~ ; - ~py; spay-~ --ug g%,,pop - s "..,

r "

! bI,, m 'f
a ,.

| +v : -, Ma <\< w,*7!-M' cy )[
'#' *(. / ids | |Nr l f ft

t 5_~ 2r

SC ALE - F EE T
0 000 200o woo uo anoo

|

DRAINAGE AREA FOR
SOH IO L- BAR TA I L I NGS D AM

\ |
l

|
!

1
TIERRA Y

Dent.t REND '

CONeu,,TANTS INC.
,

!

-. .* .
, |



i

.

i^ '

\ if a-.

U.
-. , / ,

-

i ,,. g,m
,

j f ,
.

a

/ h
g< ln i > / -

i f | uDr,-

.. .
, , .: w. g

r- | | e / a s -y
|s-r /,

=

3 i-
'

E'5
< .

IE ''
!!

.

gt I
'.ss v i

,

:n
v yrt_. , . , e < r

2. v.8.g%
i .

! > ''s *

i t/ i/ I
1 !

.

i ! ,/ /3,[*!
|

"

. . .
i , z, -

:: y ' ri yi yt/ I /
.

. \~ / // ii
/| /y .

"
- >

,

t !//l '

,

.

{ _a._ s ,/ .2
#

:f.. ..n i
. r .

'34 ] / # l' ..

[1e /./ t .,
<

t i
%.L E '/ / ! : _ :.

LU - L g !
/ ' .

i'
* i

- 'o L E' :/
., .

Ii
i

!F i !
.

.
!

_ _ / .' i 1- I

5 //
-

. g
i

-

' g
I //,

i

, ',I f "-
<

,
.

1, t. .i i ti vi , , -
, | , a

i // i I
| **

1 // { t i eI,

,,. ,, . . ,
I [[[ l ',

I
,

! J ! ,

I I
'

l/ /
q

t i ! E
'

__.I / / | ! l |
.

- 1

. g*"'

-19 -

f, ,I ,I "*
1

e *e - ,

, _ Q W f
- i
I e2 ;

+

! i / It. ! l ! i

i i e i !
,'_g . / /8'

,_

/ / | |1
.'1 i i

-

*

___ /.
/ / -

! i
*

'
I I i

+ , I
!

s t *
> T f -

1 I | I .I
Y J / ! I i I~

'

! ,l ! ! | | |
' i

, '

b j' f| |
;

Ii ,
-

soweno.u sono.iw miss
31ps 3pynes v3d ss3 ses 3Dwww: tic rensoryn

_



|
1
i

i :-

|:
I~
\

I

|~ .

!

|

!-

[ --

|

i

APPENDIX D

CHECK LIST OF

VISUAL INSPECTION'

.

G

f



-

_

_

l- l
- 3_0
. 0 A
_ M /
.

N N
.

__
. f
_ nD o . .I i O O-

_
_

t C C_ c_
_

_

e
_

G G_
. 0 r N N
. h 8 s I I
-

g - n N N_ _

Ii 5 I I
. H 7_ M M
_

_
o f

_ c y o N N_

i r eR nR
.

x c e rE eE
_

.
e g n oT lT

_
. M e e i mS lSt r T eE AEw a u zW We C t t a lN a a BO lO_
_ d r I iI r., r e r mH rH e_ t a p e iO eO d
_ a z m t JS MS r-

0 e at

os T v1

c
.

l
.

_
. .

_

i ._ aa, T _

j

_
_

. .
.

O_ O-

C. C.

N y G G
_

O d e N N hI u c I I cT o a N N aTC l f I I nSE C r M M aI F 1 u_

tLS a y S N N a
_

NE i l R R CII S c t r E rEt A n h e T eTIELH e g t rS nS B
.

I AP l i a eE rECU a l W rV uW dS V S u T rI r 8 aO O aV y e 8 MI lI ht h 1 H lH cn t 6 dO iO iu a ES BS Ro e nC R o_ t
ii
ts 9 co 7 ep 9. pe 1

D s S S
t n T T

I N Ns s A Ag u T Tfn g
i u o L L S

U U El A e S S Tm ira a 6 m N N A:
- O O Ii laD T 1

B - T e C C Cn h O- s y n
Lg r o t n cG G S_

_

n r a o aN N S 2_i
_

t nI I A _
_oi u sc aR R _

il l n r -tE eE De o e _hi S aE tE Np i Pca CN rN sAST m s t
a n a n I aI n

.G uG iN
_

__ D I v o _

_ m e i BN tN kO ._

E YE nS
.

a f ) l t
_

_
_ n o s E c d eL _

_ rA dA JI(.

.. e e l p
e aR rR V _

hR aR en p t . o s cE wE vE3 y : o n; iI dI aET D P I'

RT ET DL

_

_

-

-

.

.
.

_
.
.

-
:



S
N
O
I d ..

T g ne
A on agn
D ti ao
N k s pi
E dc det.P ea y ose

aec
M t r t r lO cc i rlC u v 'n o oE df i . ofcR no to cR ce sse
O c 'a meg

rcaer l eapS b u a bf ek o c eR ds i yes
C l m t gue e ereL oh h fadR ht c ahis scve e soyt t eir .d a a ddpmuu u i etl l veotsa a ofssv v ral y .

Ae E PsAs

e ,

h
t e

hene tr reymoh at eh b oT f a bT rd omh m dfe ut unc n.ev .

serm ocg d ugea i n aeaasd tdi rcpb ant si eor caa aaseT S e o c . hpesN N et l gi g ei .E O rr nd n mrlrnI ea eini a loaD T wt hli r deu/dN A s tb u b gdA V s bnc s nsB R ee tuic gd n a gM E lh . aBao nl o nE S ott r iuitiB h n t . d. i lossls
O fe n ih oeid or ese asrran a st oy t ect eaep eitt h lpp rx i ecsee b -. soa peev gi ahg a -

-kl hi ahht a 1cat sntt tw t 1a o ii c s mmsr'm n nana sao -ca gri thdrt aes nd l sg fsl ri i t a rur r aat hrnc ioefi trse geei fltff aens ugsm sro d
. vwu onee e ane_

- eoa li rh hft uh oSd c Sf Pc Tosrt N

FT L_ ON AT-
. F D E TS
.

O- N NM NJ- RO OT OPN OY I U ZCO E SE II TB OA RET N R OH SA S IR ED HT EN K O N R!
I C E RA DF UM A VT O NO LA R OA T A IX C M GN T AE G NE LN FE LNE I _L C AI O HDS AE __

_CMA A URT CNE I E M _U F S C UAP TN P _S R UAE OBO RI P _I U NRH L! L EL I _
_ V S UCT SES VA R _

_ !

-
_

_

._

_
>

_



*
,

S t -
N ei .

. n sO
I s osr
T r t ae
A e es t
D dt t esa
N ne aml w
E am gia-
M o ' e li n
M ls r ro
O oe gtei
C ri gatt.

t p ahauE
R n t ml

ol 'n o
R cl imns
O a ari~

et riahgs dfrtS
pI 'rondi _anK w _R _.e ecrA _e g- o t.

_M
R

's . n o f c.E y it a
et f de _ti ser
al wes
ui ecud
lb ir laa vut u
vt eooo.

Es Rsnw

s 4
,n e . ro g s e ,i ea n vet op i epec t e a wohn. eer bltus eGhd hsjt h t nn t r ,eote .fe gh'am t mog ntdT S t aa .n i nN N du dei t nuE O eb d pf aoo -

M I ta eso r fL T o t gl e ehN A nd onsh pgeA V n ni t oirB R sa le heM E t eihf e wE S nm rato reB ea et etsO md w nh wie .e eoc ut sve sg a a qanol lage n gimd it n i sea. d osit aarrra b .ga r w gdos t r d g
dsem eahenr nrma rgoo aied eaeti f gpnsn e or neofoi gese iet ora ahlt fssem Pt ar ee* a eemcof * fst hhi aNo Sois TtLf

_.
.

_.

_.
_

_

RTY E EF NA C D _.O EW A R .

LN DL P O
.

_

E C m_.O NI E EI AP S RT BSA M E DN E L N.
I T B A .M FN A _

_

A OE E E
_

_X M C C
_

_

E NT I AOUM T CL I BA O SA TAD N F N
_

m

U C F I ._S NDD Y A A m

I UNN N T RV JAA A S D
_.

.

-

:



.

S
N
O
I

T
A
D
N
E

-
t

m
O

O
C
E
R

R
O

S
K
R -
A
M
E
R

._,
,

m
a
d

ege
rh .

-
at
b

f
ao
ndon

e
d
eh
tt
nruoonS mK - eR phO S ntW N uO pd

T I nE T auL A o
T V fr
L R oaO E

S sd
B ti
O sa

il
. sne

on
ci
l

t
ea
l
tdun
O a

_

_

.

_
_

_

_
_

_
_

_

_

_
_

_ . _F_

O _-
_ N __

O -
I E ET R R
A T U U LN I T T E
I U C C NM D U U NA N R R AX O T T H _E C S S C _

_- L T E T TA E K E E EU L A L L VS T T T T L
I U N U U AV O I O O V



*

S
N
O
I
T
A
D
N
E
t .

m
o

_
. C
-
. E
.

R_

_
_ R

O
. S.

_ K_ R_

_

.

A_
.

_ M
- E
. R
-

..

_
.
.

. Y_

A
W
L
L
I
P S
S N

O
D I
E T
T A dA V eG R dN E iU S vB o

O r
. P

t
o

N
y
a
w
l
l
i
p
S

F
O

_
. N

O L
I L E
T E NA N N
N R N A
I I A I

G E-
M E I

A W C GX E D
_ E E G Il

l

T C R R.

L E A A B
A R O H
U C R C T
S N P S O
I O P I OV C A D F



.

s
t
c

S e
N f
O f
I e
T
A e
D n
N i

E m'
M r'
M e'
O t~
C e
E d
R

o
R t'. '

O '
yh

S dc
K ua
R te -

A sr
M b
E t
R cmua

dd
n
6f ..

Co

b eu h
r dett
c ln is uieomc ,k
h wrnss .

t eiuiy
i tt sort

L w i e d r
E ,ddrhet nagpN
N a roazio
A l et ahr

f v wh pH
C eyo ay wdl e eS rM N oufrehe ht amtA O v ,sf u _E I osst _R T s _

T A dl esf _

iS V easvae _

_vcnl lN R a
_

rioeo-4 E e egist sO' S rD B sot m wa bl cet oO ooehnl
. m rrt efa edi de r yd n u f

r eh iri.

t n w d p
so ans l
ni s al ea
wt ee abioa mrsi t
dt oihrdne hut el eeg qpt ut
he oeeaoo
Tv Nrdmwp

N N
O O e

F I IO T T
A AN L LO U U

I P PT .O .O~

A ,) OP OPN S . N N
I NC D DM OT EN ENA I E TA TAX NT A AE OC MS MS,

I US IE I EL TRI IM XMA I TR OO COU DSB RH RHS NBE P P
I OOD PF PFV C( _ AG AO

- 6



|) \|li!!j;{'

- _ r

.

_

S o
N

~ aeyy
hhtO ld .
tt nI puoT pt s e

A Aal. snm
a soeD

N . l' e l
E is rst
M soa drt

- M lsd dee_-O a/ at s
C mee.' a
E ivl dwt
R nid l n

asd une
R ra oov.
O ges hieg

np strn
S iso u pi
K wit yl p
R od dooi
A r n ustp
M r f' a t
E uod sfny

oobR b -

l i

-
sn

eti iste
vlm otar
oua scdu
ms enl
een efui
Rro . hfoa

Teff
t
p- -

-

e ic vx e'e e

- eh, mtn oo sn .i o n dt o o ei sn i ec .d le t mn. _n. aeoe ioee _

_

cg ~ s dsdcd n .i a .a ng oevfdn an cver .

_

._

S oi i a u
_

.

M N oa sk dhssA
D O gr wc o a . -

_
._

I d oa oo e dE T n rr gt gh e
L A il_ r ~c nt dD V .l u nsi: i

_ D R ea be irrn vE bf - v auo oA
S S ~ n li sec rB oi as ipcm pO t a mr pou

-

-r ie ea c 'ns np , o 'e. y s orm asm t t iao
. .i a oi ter ddd m t v. d

-
n apf a a ia tp her emt nan he racg eo stt t ean mt' i e r sr^ i uss pf a ntll reo o o_t wsab trr l s opcb sce se- duiu n- .cn mb ier eni eeeho hea hhhy oTf Tdm TTcb N

,

-
F TO N
N E
O D
I VT E OA R MN U
1 T R
M C OA U
X R TE T NS E
L MS F EA T E O LU S PS E O E T

T
I R L O EV C S T S

|{1



-I.

I

APPENDIX E

!

SUMMARY OF ENGINEERING DATA AS PER APPENDIX I

0F OCE RECOMMENDED GUIDELINES FOR SAFETY

INSPECTION OF DAMS

t

l

;

I

|

i .- |

L



|

APPENDIX E
SUMMARY OF ENGINEERING DATA AS PER APPENDIX I J

OF OCE RECOMMENDED GUIDELINES FOR
SAFETY INSPECTION OF DAMS

1. General Project Data.

a. Regional Vicinity Map. See Appendix "A"

b. As-Built Drawinns. As-built drawings not available, construction
3drawings in Appendix "A" J

I2. Hydrologic and' Hydraulic Data.

a. Drainace Area and Basin Characteristics. See Section 1 3 of report.

b. Elevation at Normal Pool. Elevation 6188 present
Elevation 6214 ultimate 4

c. Storace Capacity. 1,100 acre-feet present
4,400 acre-feet ultimate

d. Elevation of Flood Control Pool. Elevation 6193 present
Elevation 6220 ultimate

e. Flood Control Storace. 490 acre-feet present
850 acre-feet ultimate

f. Elevation of Maximum Desirn Pool. Elevation 6214

g. Surcharge Storage. Not applicable

h. Freeboard. 5 feet present (reported)
i6 feet ultimate (reported) '

i. Elevation of Top of Dam. Elevation 6193 present
Elevation 6220 ultimate

|
j. Spillway Features. Spillway not provided. i

|

k. Outlet Works. See Section 13 (g) of report.

1. Emergency Spillway. Spillusy not provided.

m. Flashboards. Fuse Plues. etc. None

n. Dikes and Flood Walls. None

o. Hydrometeorological Gaces. None

p. Maximum Nondamering Discharce. Not determined



3 Foundation Data and Geolocical Features. See Paragraph 6.1 (e).

4. Properties of Embankment and Foundation Materials. See Paragraph 6.1 (e)

5 Concrete Properties. No testing or evaluatica records available,

6. Electrical and Mechanical Fouipment. Outlet gage manually operated.

7 Construction History. See Section 1 3 (f) of report.

8. Water Control Plan. None available

9 Operation Record. None available

10. Earthauake History. None available

11. Inspection History. Data not available to the inspection team.

12. Principal Desien Assumptions and Analysis.

a. flydrolecie and Hydraulic. See Section 5 and Appendix C.

b. Stability and Stress Analysis. Section 5 and Appendix C.

c. Seepage and Settlement Analysis. Section 5 and Appendix C.

I
i

|

I

I
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PRCPOSED ADDITICNS TO TNSPECTION GUIDELINES "

by Desloge Brown,1 T. ASCI *
-

,

g __

The primary purpose of dam inspection is to
iprevent the failure of a dam. Despite our efforts, ;
,

dans have failed. The loss of life resulting from
i

a failure is influenced very strongly by t[.e effi- ' 8 --

cacy of the warnings transmitted to those downstream '

which permit them to evacuate the areas of potential ~~

,
;

flooding. The Johnstown flood in 1889 killed 2,000
to 3,000 persons. The St. Trancis Dam failure in
1928 killed 350. Valen t in 1963 killed 3,000. On

.'
the other hand, Baldwin Hills in 19E3 killed only 5

and Teton, despite half a billion dollars fn property
,_,

damages, resulted in only 11 deaths. The differences
twere due to the ability to disseminate a warning and ;

evacuate the downstream areas.

An ef fective warning system must be preplanned. '

The dam operating personnel must knew who to notify
.

'

i

to spread the alarm. There are also other steps that ~~~

operators can sometimes take to minimi:e the eff ect
.

of a failure, such as reducing inflow frem upstream
t

i

1Head, Section of Inspections
Division of Licensed Projects
Bureau of Power
rederal Power Commission

The views presented herein are these of the author and
not necessarily those of she rederal Power Cc= mission. !
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i 464 EVALUATION OF DAM SAFETY
i4

'i
dams. On August 15, 1975, the rederal Power Co= mission '

;

f

issued instructions to all its licensees to prepare
emergency action plans, sucmit them to the Commission's

staf f, and instruct all operating and supervisory per- f
sonnel in their imple=entation.

f
'Similar plans should be prepared by all owners of
4

-

dams of such si:e that failure would be a hazard to
downstream personnel and property. The following out-

,

lines the instructions' issued by the Federal Power |'

Commission and amplified by staff guidance. The inclu-
i

sion of similar guidance in the proposed Inspection
|
1Guidelines would be an effective way to disseminate - r"*.

!

such advice to all dam owners and is so proposed.

" CHAPTER 6 - ERERCE:CY ACTION PLANS 1
'i

i

"Recent dam failures show that dams do f ail despite
iinstrumentation, reviews of design, and regular inspec- | |

tions of the structures. The effects of such failures
should be minimi:ed to the extent possible by preplan-
ning the actions to be taken in such event. !

I
'"Each owner should study the effect on downstream

areas of a failure of his dam. If the dan failure
!

would have littic or no ef f ect on downstream interests, |
i

owing to the small quantity of water released or the '

lack of any downstream development or activity which

might be affected, no further planning would be

r
-

_.
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|
necessary. _If, however, the sudden release of the *

*

stored water could be hazardous to life or cause
-

significant damage to property downstream, plans
i

*
should be made and instructions provided operators !

.

and attendants regarding the actions to be taken in
such an emergency,

i

!*To be effective, these energency actions must
:

include plans for notification of law enforcement
e

agents; appropriate Federal, state, and local agencies;
operators of downstreL= vater-related activitics; and

.'those residents endangered. Other actions should be |
I

considered such as reductions in reservoir inflow by
j!

limiting the outflow frem upstream dams or control ,

structures. |
*>

|'
*The following are guidelines for the preparation '

of emergency action plans. -

?
-

:"The owner should first hypothesi:e possiblo, '

I

failure situations frem warning signs of possible

failure to the almest instantaneous failure such as
night result from an earthquake. Plans thould be
designed to prevent complete failure or to minimize

the i= pact 'of failure on the environment. It should
I .

include a list of personnel to be notified in order ;
that expedient action can be taken. For example, I

in the event of an indication of a possible failure, .

steps might be taken to lower the reservoir by opening *
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:n

!

*$ *

i the gates and reducing the quantity of water which
3: )

'

| would be released by the failure. The personnel to {
u Ibe contacted to authorize this action and to mobili:e

.state and local emergency forces should be set forth
and kept up to date. In the event of a failure taking

i,

place, the inflow to some reservoirs night be reduced
.

through closing of upstream dams. The proper authori-

ties for carrying out such actions should be provided
;

plant' personnel. The notification action includes '

,

public of ficials, news media,. and owners or operators

of downstream dams or.other water-related facilities. ;

These plans must be in detail, posted in an appropriate '''.
place in the control center, and thoroughly understood

i

by all personnel.
,

" Emergency action planning does not necessarily
,

require an engineering study, although sena engineering

"cva16ation could be necessary for specifying the possible
!types of failures which might occur. A short analytical

study by a small team combining structural design, hydrau- |
lies, and operating procedure backgrounds would probably I

i

be sufficient to draw up a plan. Simply stated, the -
|

1

plan should state in detail what steps would be taken :
i*

in the event of various possible or actual failures to !
J

prevent or minimite possibic ha:ards to life and ;
,

property." '
i

i i
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