
 
 
From:  "Stillwell, Daniel" <dwstillwell@STPEGS.COM> 
To:   "Mark Tonacci" <MET@nrc.gov> 
Date:   11/15/2007 3:54:28 PM  
Subject:  Additional Information on Main Cooling Reservoir Breach  
cc:   "David Dujka" <dldujka@STPEGS.COM>,"Gregory T Gibson" 
<gtgibson@STPEGS.COM>,"John T Conly" <jtconly@STPEGS.COM>,"Steven Thomas" 
<sethomas@STPEGS.COM>,"William Mookhoek" <wemookhoek@STPEGS.COM>  
 
Mark, 
 
  
 
The attached files contain additional information on the main cooling 
reservoir breach from the licensing of Units 1 and 2.  Sediment deposit 
following a nonmechanistic breach of the main cooling reservoir was not 
considered during the licensing of Units 1 and 2, however, scour and 
erosion were the subject of several NRC meetings and much correspondence 
starting in 1983 when HL&P notified the NRC of a potentially reportable 
condition concerning erosion and scour associated with failure of the 
MCR embankment that had the potential to affect the structural backfill 
supporting the foundations of Seismic Category I structures 
(ST-AE-HL-1011, 9-28-83).  This issue was the result of a revision to RG 
1.59 to Rev. 2 that required consideration of erosion and scour for 
Design Basis Flood events.  After discussion, the NRC indicated that 
scour and erosion did not need to be considered if it can be 
demonstrated that 1) significant overtopping of the MCR embankment would 
not occur during any probable maximum flood event; 2) the MCR embankment 
facing the STP Category I structures is not susceptible to internal 
embankment failure; and 3) the MCR embankment facing the STP Category I 
structures would not fail in a Safe Shutdown Earthquake in combination 
with a 25 year recurrent MCR water level.  Letter ST-HL-AE-002572 
(3-15-88) documents the completion of the remedial work.  Letters 
ST-AE-HL-093934 (9-19-94) and ST-HL-AE-004817 (9-20-94) contain 
information that closed the last of the MCR monitoring issues. 
 
  
 
After consideration of the additional analysis and the remedial work, 
the South Texas Project SER Appendix J, Reevaluation of the Completed 
Main Cooling Reservoir on page 6 summarized the NRCs position on 
considering scour and erosion from a nonmechanistic breach of the north 
face of the main cooling reservoir as follows, "The postulation of an 
instantaneous breach of 2000 feet if the section embankment immediately 
adjacent to the South Texas units is not considered necessary.  Measures 
to protect the plant from scour and erosion from such a nonmechanistic 
breach are also unnecessary." 



 
  
 
The instantaneous 2000 foot breach considered for Units 1 and 2 was to 
determine a maximum water level for safety related building design, the 
extension of the analysis to an instantaneous 4700+ feet breach for 
units 3 and 4 was also to determine a maximum water level for safety 
related building design. 
 
  
 
DW (Bill) Stillwell 
 
Supervisor, PRA 
 
STP Units 3 & 4 
 
(361) 972-7581 
 
[cell] (979) 240-6867 
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Mark, 
  
The attached files contain additional information on the main cooling reservoir breach from the licensing of Units 1 and 2.  
Sediment deposit following a nonmechanistic breach of the main cooling reservoir was not considered during the licensing of 
Units 1 and 2, however, scour and erosion were the subject of several NRC meetings and much correspondence starting in 1983 
when HL&P notified the NRC of a potentially reportable condition concerning erosion and scour associated with failure of the MCR 
embankment that had the potential to affect the structural backfill supporting the foundations of Seismic Category I structures (ST-
AE-HL-1011, 9-28-83).  This issue was the result of a revision to RG 1.59 to Rev. 2 that required consideration of erosion and 
scour for Design Basis Flood events.  After discussion, the NRC indicated that scour and erosion did not need to be considered if 
it can be demonstrated that 1) significant overtopping of the MCR embankment would not occur during any probable maximum 
flood event; 2) the MCR embankment facing the STP Category I structures is not susceptible to internal embankment failure; and 
3) the MCR embankment facing the STP Category I structures would not fail in a Safe Shutdown Earthquake in combination with 
a 25 year recurrent MCR water level.  Letter ST-HL-AE-002572 (3-15-88) documents the completion of the remedial work.  Letters 
ST-AE-HL-093934 (9-19-94) and ST-HL-AE-004817 (9-20-94) contain information that closed the last of the MCR monitoring 
issues. 
  
After consideration of the additional analysis and the remedial work, the South Texas Project SER Appendix J, Reevaluation of 
the Completed Main Cooling Reservoir on page 6 summarized the NRCs position on considering scour and erosion from a 
nonmechanistic breach of the north face of the main cooling reservoir as follows, “The postulation of an instantaneous breach of 
2000 feet if the section embankment immediately adjacent to the South Texas units is not considered necessary.  Measures to 
protect the plant from scour and erosion from such a nonmechanistic breach are also unnecessary.” 
  
The instantaneous 2000 foot breach considered for Units 1 and 2 was to determine a maximum water level for safety related 
building design, the extension of the analysis to an instantaneous 4700+ feet breach for units 3 and 4 was also to determine a 
maximum water level for safety related building design. 
  
DW (Bill) Stillwell 
Supervisor, PRA 
STP Units 3 & 4 
(361) 972-7581 
[cell] (979) 240-6867 
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06/20/94  ST-HL-AE-4817  MAIN COOLING RESERVOIR

June 20, 1994 
ST-HL-AE-4817
File No.:  G09.18, C13.05 
10CFR50

U. S. Nuclear Regulatory Commission 
Attention:  Document Control Desk 
Washington, DC   20555 

South Texas Project 
Units 1 and 2 
Docket Nos. STN 50-498, STN 50-499 
Main Cooling Reservoir

Reference: Correspondence from S. L. Rosen (HL&P) to NRC Document 
Control Desk, dated February 22, 1993 (ST-HL-AE-4317) 

Houston Lighting & Power Company (HL&P) submitted the referenced letter to 
describe the performance of the South Texas Project Main Cooling Reservoir 
and Essential Cooling Pond during and after filling.  In a conference call between 
HL&P (W. Harrison/K. Cope/D. Bize) and NRC (L. Kokajako/R. Pichumani) on 
June 13, 1994, HL&P determined that corrections/clarifications to page 12 of the 
referenced letter were necessary.  A new page 12 is attached with the changed 
portions marked by a vertical line in the margin. 

In addition, the minimum factor of safety for piping around the Main Cooling 
Reservoir was discussed during the conference call.  ASCE Standard N-725, 
"Guideline for Design and Analysis of Nuclear Safety Related Earth Structures", 
in Section 4.4.6, recommends a minimum factor of safety of 1.2 for dynamic 
loading (e.g., piping) for ultimate heat sink earth structures.  Although the Main 
Cooling Reservoir is not an ultimate heat sink, a preliminary calculation of piping 
factors of safety at worst case locations yielded a minimum factor of safety of 
10.0.

If there are any questions, please contact either Mr. A. W. Harrison at (512) 972-
7298 or me at (512) 972-8787. 

T. H. Cloninger 
Vice President, 
Nuclear Engineering 

DNB/esh

c:



Leonard J. Callan
Regional Administrator, Region IV 
U. S. Nuclear Regulatory Commission 
611 Ryan Plaza Drive, Suite 400 
Arlington, TX   76011 

Lawrence E. Kokajko 
Project Manager 
U. S. Nuclear Regulatory Commission 
Washington, DC  20555-0001  13H15 

David P. Loveless 
Sr. Resident Inspector 
c/o U. S. Nuclear Regulatory Comm. 
P. O. Box 910 
Bay City, TX  77404-910 

J. R. Newman, Esquire 
Newman, Bouknight & Edgar, P.C. 
STE 1000, 1615 L Street, N.W. 
Washington, DC  20036 

K. J. Fiedler/M. T. Hardt 
City Public Service 
P. O. Box 1771 
San Antonio, TX  78296 

J. C. Lanier/M. B. Lee 
City of Austin
Electric Utility Department 
721 Barton Springs Road 
Austin, TX  78704 

G. E. Vaughn/C. A. Johnson 
Central Power and Light Company 
P. O. Box 2121 
Corpus Christi, TX  78403 

Rufus S. Scott 
Associate General Counsel 
Houston Lighting & Power Company 
P. O. Box 61067 
Houston, TX  77208 

Institute of Nuclear Power 
  Operations - Records Center 



700 Galleria Parkway 
Atlanta, GA  30339-5957 

Dr. Joseph M. Hendrie 
50 Bellport Lane 
Bellport, NY  11713 

D. K. Lacker 
Bureau of Radiation Control 
Texas Department of Health 
1100 West 49th Street 
Austin, TX  78756-3189 

U. S. Nuclear Regulatory Commission 
Attn:  Document Control Desk 
Washington, D. C.  20555-0001 

Attachment:  Corrected page 12 from ST-HL-AE-4317 

The spillway stilling basin is designed to dissipate the kinetic energy of water 
flowing down the spillway chute.  The stilling basin is lined with a graded granular 
filter and rip-rap to protect the filter material from erosion.  Since the water in the 
stilling basin was 14 feet deep, the effectiveness of the liner material could not be 
verified by inspection.  Filling the stilling basin with sand increases the flow path 
from the reservoir to the exit point and allows access to the area by the reservoir 
inspector.  Seepage of 75 gpm was recorded before filling the stilling basin with 
sand.  Seepage of only a few gpm continues on both sides of the stilling basin. 

The stilling basin still functions as an energy dissipator.  During operation of the 
emergency spillway the sand filling the basin will be eroded down to the original 
rip-rap basin lining.  Use of the spillway is not anticipated under the present 
reservoir operating plan. 

Seepage Gradient:  The seepage gradient was measured at 34 locations around 
the reservoir where there are three to four piezometers in a line normal to the 
embankment axis.  The seepage gradient around the reservoir is generally 
between 1% to 2.5%. There are three locations with elevated seepage 
gradients of 4%, 5% and 8%.  Sand and clay borrow pits within the confines of 
the embankment were not permitted within 800 feet of the embankment 
centerline.  This restriction was to preserve the natural surface clay lining to the 
extent that lateral head loss from an exposed sand layer in the barrow area 
would equal the vertical head loss through the surface clay at the inside 
embankment toe.  A permeable layer is probably exposed near the embankment 
at the three locations with high seepage gradients.  The seepage exits at all three 
areas are monitored closely. 



Uplift Pressures:  Factors of safety against uplift pressures remain at or above 
1.5 at a reservoir pool elevation of +45 feet MSL.  In addition to the safety 
factor, the ditches where the safety factors are the lowest are provided with filters 
and sand drains. 

Circulating Water Intake Structure:  Settlement measurements on the intake 
structure began in 1977.  To date, the structure has settled about 0.4 feet on the 
north side closest to the embankment and about 0.3 feet on the south side. 

5.2  Essential Cooling Pond 

Embankment and Training Dike:  ECP settlement data was first collected in 
1979.  The survey monuments are located on the inside berm.  Measurements 
to-date indicate a range from
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09/19/94  ST-AE-HL-93934  SOUTH TEXAS PROJECT, UNITS 1 AND 

2 - SAFETY EVALUATION ON THE MAIN COOLING RESERVOIR 

AND ESSENTIAL COOLING POND PERFORMANCE DURING 

AND AFTER FILLING (TAC NOS. M86279 AND M86280)

September 19, 1994 

Mr. William T. Cottle 
Group Vice-President, Nuclear 
Houston Lighting & Power Company 
South Texas Project Electric 
  Generating Station 
Post Office Box 289 
Wadsworth, Texas  77483 

Dear Mr. Cottle: 

SUBJECT: SOUTH TEXAS PROJECT, UNITS 1 AND 2 - SAFETY 
EVALUATION ON THE MAIN COOLING RESERVOIR AND ESSENTIAL 
COOLING POND PERFORMANCE DURING AND AFTER FILLING (TAC NOS. 
M86279 AND M86280) 

The NRC staff has completed its review of Houston Lighting 
& Power Company's (HL&P) submittals of February 22, 1993, 
October 1, 1993, March 28, 1994, and June 20, 1994, on the 
performance of the main cooling reservoir (MCR) and the 
essential cooling pond (ECP) at South Texas Project (STP).
The submittals are in response to NRC's Safety Evaluation 
Report related to operation of STP, Supplement 2, Section 
2.5.7, "Reevaluation of Completed Main Cooling Reservoir," 
and the NRC's requests for additional information. 

Based on our review of the submittals, the staff concludes 
that the performance of the MCR and the ECP during and 
after the filling of the MCR to EL +45 ft mean sea level is 
generally satisfactory and that the MCR should provide a 
safe source of cooling water over the life of the plant if 
the current monitoring and inspection of the MCR are 
continued.

However, the seepage gradient values (3.8 percent, 4 
percent, and 5 percent) at three locations of the MCR 



embankment are very close to HL&P's criterion value of 4 
percent.  HL&P is closely monitoring the seepage exits at 
the three areas.  It is the judgment of the staff that 
there is no immediate safety concern at these locations.
The staff agrees that HL&P should continue the close 
monitoring of seepage exists since one of the principle 
causes of catastrophic failures of embankments and dams is 
know to be 'piping' (the progressive erosion of the 
embankment material due to leaks developing under or 
through the dam) due to excessive seepage. 



Mr. William T. Cottle - 2- 

The staff requests that HL&P make the results of such 
monitoring available to the NRC staff for review at the 
site.  The results should include quantity and quality 
(such as coloration, clear or muddy) of seepage water.  The 
staff intends to inspect the MCR embankment and review the 
stability and seepage calculations pertaining to the MCR on 
a mutually convenient date.  Our related safety evaluation 
is enclosed.  this closes TAC Nos. M86279 and M86280. 

Sincerely,

Thomas W. Alexion, Project 
Manager

Project Directorate IV-1 
Division of Reactor Projects 

III/IV
Office of Nuclear Reactor 

Regulation

Docket Nos. 50-498 
        and 50-499 

Enclosure:  Safety Evaluation 

cc w/enclosure:  See next page 



SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR 
REGULATION

RELATING TO PERFORMANCE OF MAIN COOLING RESERVOIR 

AND ESSENTIAL COOLING POND 

HOUSTON LIGHTING & POWER COMPANY 

CITY PUBLIC SERVICE BOARD OF SAN ANTONIO 

CENTRAL POWER AND LIGHT COMPANY 

CITY OF AUSTIN, TEXAS 

SOUTH TEXAS PROJECT UNITS 1 & 2 

DOCKET NOS. 50-498 AND 50-499 

1.0 BACKGROUND

On February 22, 1993, Houston Lighting & Power Company 
(HL&P) submitted a report on the performance of the main 
cooling reservoir (MCR) and the essential cooling pond 
(ECP) to meet the requirements of the STP Safety Evaluation 
Report (SER) Supplement 2, Section 2.5.7, dated January 
1987, and the Updated Final Safety Analysis Report (UFSAR) 
Section 2.5.6.10 for the South Texas Project, Units 1 and 2 
(STP).  The ECP is used as a source of cooling water for 
safe shutdown of the plant and as the normal heat sink for 
plant auxiliaries.  The ECP is normally supplied with water 
from MCR, but it also has an emergency backup from wells. 

The operational level of the MCR was fixed at elevation 
(E1) +49 feet (ft) mean sea level (msl).  Since the initial 
filling of the reservoir to the operational level, and the 
period immediately following the filling, are most critical 
to the stability and integrity of the MCR embankment, HL&P 
adopted a program of controlled reservoir filling.  This 
program consisted of filling the reservoir in stages to 
final pool elevation, and monitoring the embankment 
instrumentation and visually observing the embankment 
performance during each incremental filling before 
proceeding to the next level.  In September 1986, HL&P 
submitted a report prepared by its consultant, Harza 
Engineering Company, which evaluated the performance of the 



embankment underseepage control system during the filling 
of the reservoir to E1 +35 ft, and identified certain 
remedial work to be done to improve the safety of the MCR 
embankment at the operating pool level. 

After reviewing HL&P's September 1986 report, the staff 
stated (SER Supplement 2) that the favorable evaluation of 
the MCR embankment was conditional on the completion of the 
remedial work and on the continued instrument monitoring 
before exceeding the pool elevation of 35 ft msl.  On March 
15, 1988, HL&P reported completion of the remedial work 
which consisted, among other things, of providing filters 
at critical locations of the embankment, and adding relief

- 2- 

wells in order to lower uplift pressures in certain reaches 
around the MCR where factors of safety against uplift were 
expected to drop below 1.5 at a pool elevation of +49 ft 
msl.  Further, HL&P committed to provide to the NRC the 
results of the performance of MCR underseepage control 
system at El 49 ft.  However, based on a study conducted in 
1992 to optimize reservoir conditions with respect to 
safety, operability, etc., HL&P changed the testing 
requirements, by letter dated February 22, 1993, to 
evaluate the MCR performance at the current operating level 
of El 45 ft. msl.  Since the maximum water storage capacity 
is not needed for current operations, HL&P currently has no 
plans to raise the operating level above El. 45 ft.  HL&P 
further stated that it will reevaluate the MCR underseepage 
control system at a higher pool elevation if and when 
additional storage capacity is needed at a later date, or 
if the pool level is raised significantly by natural means. 

The objective of this safety evaluation is to briefly 
describe the general features of the MCR and the ECP, and 
evaluate the performance of the MCR embankment during and 
after its filling to the current operating level of El 45 
ft. msl, as reported in HL&P's February 22, 1993, 
submittal.  Although the MCR is not a Category I structure, 
its north-side embankment is designed to withstand the 
effects of the safe shutdown earthquake (SSE), since the 
failure of this embankment would cause the design basis 
flood for all safety related structures.  The staff's 
evaluation and acceptance of the integrity of the north-
side MCR embankment to withstand the SSE loading conditions 
is documented in the original STP SER (NUREG-0781).  



Therefore, the scope of this safety evaluation is limited 
to an examination of the MCR embankment performance during 
the normal filling of the reservoir to El 45 ft. msl. 

2.0 EVALUATION

Main Cooling Reservoir 

a. Description 

The MCR is an above-ground reservoir covering about 7000 
acres; its embankment is 65507 ft long with a crest 
elevation of about +66 ft msl which is about 40 to 50 ft 
above the ground surface elevation.  The embankment 
consists of an interior slope of 2.5:1 and an exterior slop 
of 3:1, and is built of compacted clay, with a 10-ft wide 
sand core.  The sand core extends the full length of the 
embankment centerline from ground surface to El +50 ft msl.  
As described in the STP UFSAR Section 2.5.6.4, the sand 
core will provide a granular interruption for any potential 
pinhole seepage paths in the upstream portion of the 
embankment which might develop due to the dispersive 
characteristics of the clay, thus sealing any potential 
'pipes' or cavities as they are formed.  The sand core has 
no drainage except at three isolated locations where 
horizontal sand drainage blankets intercepting the sand 
core were installed.       - 3- 

These horizontal drainage blankets intercept seepage 
resulting from high uplift pressures under the embankment.  
there is a berm at the exterior base of the embankment with 
a crest elevation of about +35 ft msl and a width of 33 ft 
to 48 ft.  The berm provides additional slope stability and 
effectively increases the seepage path in the foundation 
soils.

As described in STP UFSAR Section 2.5.6.2.1, the foundation 
soils below the embankment consist predominantly of stiff 
to hard clays and medium-dense to dense sands.  The soils 
up to a depth of 80 ft below the embankment can be divided 
into five generalized strata based on their properties, the 
top two strata and the fourth stratum consist of clayey 
soils, while the third and the last strata consist of 
pervious sandy soils.  The third (pervious sand) stratum 
generally occurs between the depths of 8 and 42 ft below 
the embankment, while the last sand stratum occurs below 60 



ft.

b. MCR Performance During Its First Filling 

Following the previously described plan of incremental 
filling, HL&P raised the MCR level first to El +28 ft in 
November 1984, and then to El +35 ft in November 1985.  At 
the latter pool elevation, sand boils were observed in the 
various drainage ditches around the MCR embankment, and in 
the Spillway Drainage channel.  Sand boils were eliminated 
by placing suitable filter materials in the inverts of the 
ditches and the spillway channel.  Additional details of 
the remedial work performed after filling to El +35 ft to 
control the hydrostatic uplift pressures are described by 
letter dated February 22, 1993.  The MCR pool elevation was 
raised to El +40 ft msl between March and April 1988, and 
to El +45 ft between January 1989 and June 1990.  On both 
occasions, additional sand boils were observed at the edge 
of several relief well pads.  The affected splash pads were 
removed and filter material placed to eliminate the sand 
boils.  After completing the filling of the MCR to El +45 
ft msl, HL&P undertook an evaluation of the reservoir 
conditions at various operating levels, and decided to 
operate the reservoir at a pool elevation of 45 ft. 

c. Settlement and Deformations 

Regarding the general performance of the MCR, HL&P has 
reported satisfactory conditions related to the embankment 
settlement and deformations.  The embankment construction 
was completed in 1979.  The MCR is being inspected daily.  
No signs of unexpected total or differential settlement 
have been observed based on current surveys and 
observations.  A survey that was started in 1989 indicated 
a settlement of only 1 inch to 2 inches through 1992. 

Inclinometers were installed at four locations along the 
south side of the embankment (which is the highest section 
of the embankment).  At each location, three inclinometers 
were installed to monitor

- 4- 

lateral movements of the inner slope, the outer slope and 
the crest of the embankment at those locations.  The inside 
slope experienced less movement (about 1 inch) than the 
outside slop (about 2.5 inches), even though the former is 



steeper.  This may be due to the fact that the soil-cement 
covering on the inside slope prevents significant changes 
of soil moisture.  Three shallow slides on the outer slope 
were observed and these were promptly repaired.  Except for 
these, inclinometer measurements and observations over the 
entire length of the embankment reveal no significant 
deformations.  Erosion protection for the embankment is 
effectively provided by soil-cement on the inside slope and 
grass on the outside slope.  HL&P has observed minor 
spalling and frequent lateral cracking of the soil-cement; 
however, it has observed no defects that would affect the 
function of the soil-cement. 

d. Underseepage Control 

During the MCR design phase, underseepage control was 
recognized as a major element.  Two options were considered 
to control underseepage through the pervious soil strata 
(1) constructing a slurry trench to encircle the reservoir 
and effectively block the shallow aquifers under the 
embankment, and (2) installing relief wells to intercept 
seepage flow.  HL&P chose the latter option as the most 
cost effective solution. 

Piezometers

Underseepage at the MCR is being monitored by piezometers 
which are provided at critical locations (i.e., embankment 
crest, top of the outside berm, and the toe of the 
embankment, etc.) to measure the efficiency of the relief 
wells in controlling the uplift pressures.  The piezometer 
data are given in Figures 1 through 69 in the February 22, 
1993 letter.  Figures 1 through 34 are traverses of 3 to 4 
piezometers located at right angles to the embankment axis 
and at varying distances from the reservoir.  Each of the 
34 traverses includes a piezometer in the embankment sand 
core which is drained only in 3 locations.  Where the sand 
core is drained, the piezometric levels in the sand core 
are relatively low, whereas at other locations the 
piezometric levels were recorded as being higher than the 
reservoir pool elevations during the MCR filling.  HL&P 
could not identify the cause of the high water table in the 
sand core; however, it has reported that the water level in 
the sand core is stable and is not affected by changes in 
the reservoir pool elevation.  Based on this fact, HL&P 
concludes that the existence of high water table in the 
sand core demonstrates the water retention capabilities of 



the upstream and downstream sides of the embankment.  
Furthermore, HL&P has reported in response to a staff 
question that the original stability analysis assumed a 
phreatic surface extending from the maximum design 
reservoir elevation of 49 ft to the top of the downstream 
berm which is at elevation 35 ft.  Such stability analyses 
indicated acceptable

- 5- 

factors of safety against slope failure under such high 
phreatic levels (March 28, 1994, submittal).  This response 
satisfies the staff's concern on this matter. 

Relief Wells 

Relief wells have been provided in the MCR embankment 
reaches where subsurface borings taken along the embankment 
centerline during the original design indicated the 
presence of sand layers at shallow depths below the 
embankment.  The relief wells discharge into the Plant Area 
Drainage Ditch (PADD) along the north-east side of the 
reservoir, Relocated Little Robins Slough (RLRS) along the 
west side of the reservoir and into concrete-lined 
collector ditches along the east, south and north-west 
sides of the reservoir.  Relief wells provide pressure 
relief as well as an engineered seepage exit, but intercept 
only a fraction of the seepage.  A significant amount of 
seepage flows directly into the relief well drainage 
ditches.  The critical locations for design of seepage and 
uplift control are the ditch inverts.  The relief well flow 
rates are monitored to evaluate changes in flow that may 
indicate clogging of the well screen or changes in flow 
patterns.

Sand Drains and Seepage Filters 

In addition to the relief wells, sand drains are installed 
in the bottom of the plant area drainage ditch (into which 
the relief wells discharge), and in the concrete-lined 
ditches on the east and south sides of the MCR.  These 
drains are designed to lower the uplift pressures where the 
confining clay layer is relatively thin (5 ft or less).  In 
order to prevent the formation of sand boils in addition to 
those noticed during filling, seepage filters consisting of 
either graded granular material or filter fabric have been 
installed in all ditches except in two short sections of 



the drainage ditch system.  In these two sections no 
apparent seepage occurred due perhaps to thick surface clay 
layers.

Seepage Gradient 

HL&P has computed hydraulic gradients under the MCR 
embankment from piezometer readings taken at 34 locations 
around the reservoir, and found them to vary generally 
between 1 percent and 2.5 percent.  These seepage gradient 
values are lower than the licensee's criterion value of 4 
percent set in 1986 by its consultant, Harza Engineering 
Company, based on its review of failures at other projects.  
However, HL&P first reported in its February 22, 1993 
submittal that seepage gradients were as high as 8 percent 
at three locations.  In response to a staff question on 
this matter, HL&P provided the following updated 
information:  the seepage gradient calculated at one 
location between piezometer P38 which is closer to the 
embankment centerline and piezometer P40 beyond the toe of 
the berm is about 8 percent; however, the seepage gradient 
between
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piezometer P39 which is located further downstream of the 
embankment (near the beginning of the berm) and piezometer 
P40 is only 3.8 percent.  HL&P stated during a 
teleconference on June 13, 1994, that, at the other two 
locations where gradient values as high as 8 percent were 
originally reported, the actual gradients are only 4 
percent and 5 percent (June 20, 1994, submittal).  HL&P 
further stated that the higher gradient values previously 
reported at these two locations were typographical errors. 

Thus, the seepage gradient values (3.8 percent, 4 percent, 
and 5 percent) at three locations of the MCR embankment are 
very close to, or slightly above, the licensee's criterion 
value of 4 percent.  HL&P has stated that it is closely 
monitoring the seepage exits at these locations.  it is the 
judgment of the staff that there is no immediate safety 
concern at these locations.  The staff, however, recommends 
that HL&P maintain, and make available to the staff, for 
review at the site, the results of such monitoring, since 
one of the principal causes of catastrophic failures of 
embankments and dams is known to be 'piping' (the 
progressive erosion of the embankment material due to leaks 



developing under or through the dam) (see "Earth and Earth-
Rock Dams-Engineering Problems of Design and Construction," 
J. L. Sherard, et al., 1963).  The results should include 
the quantity and quality (such as the coloration, clear or 
muddy) of seepage water. 

Uplift

Factors of safety (FS) against uplift across the top 
stratum in the drainage ditch inverts are reported to 
remain at 1.5 or above for the reservoir elevation of 45 ft 
msl.  The value of 1.5 was established by HL&P's 
consultants in 1986 as an appropriate minimum FS for the 
MCR.

Essential Cooling Pond

a. Description 

The ECP is an excavated pond covering about 46.5 acres at 
the normal operating pool elevation of +25.5 ft msl to 
+26.0 ft msl.  the natural grade in the ECP area is at an 
approximate elevation of 26 ft msl.  Water make-up is 
either from the MCR or from well water.  MCR water was used 
for the initial filling of the ECP.  The ECP embankment is 
designed to protect the pond from potential flooding caused 
by either the failure of the MCR embankment or that of dams 
on the Colorado river.  The ECP embankment, with its crest 
elevation at +34 ft msl, is built with rolled clay with 
reinforced concrete erosion protection over the Category 1 
portion of the ECP and soil-cement erosion protection over 
the remaining portion of the embankment.  The embankment is 
separated from the pond by a 30-ft wide berm at El +26 ft 
msl.  Within the ECP there is a centralized ("training") 
dike around which water circulates.      
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The crest elevation of this dike is +38 ft msl. 

b. Seepage 

Water required for the safe shutdown of the plant is 
maintained by keeping the water level in the ECP between 
25.5 and 26.0 ft msl.  Seepage from the ECP is minimal due 
to the low permeability of the natural soils and compacted 
clay backfill.  A seepage rate of no more than 1.2 cubic 



feet per second (cfs) is specified in the ECP design 
criteria; actual ECP seepage losses are required to be 
measured once every five years to verify compliance with 
the design criteria.  The measured seepage was 0.3 cfs in 
1986 when the ECP seepage evaluation began.  In 1990, a 
seepage evaluation, made by HL&P using a simplified water 
balance study, revealed a total water loss rate of 0.975 
cfs.  Since this total water loss rate was less than design 
seepage rate of 1.2 cfs, HL&P did not make separate 
estimates of the seepage and evaporation rates. 

c. Settlement and Deformations 

The ECP is inspected in accordance with Regulatory Guide 
(RG) 1.127, "Inspection of Water-Control Structures 
Associated with Nuclear Power Plants."  The ECP embankment 
and training dikes are in good condition, except for minor 
(inconsequential) cracking in the soil-cement and 
reinforced concrete used for erosion protection.  No 
significant settlement or deformations of either the 
embankment or training dikes is reported.  Sediment 
accumulation in the ECP is measured annually to ensure that 
the required volume of water is available for safe shutdown 
of the plant.  HL&P has reported that there has been no 
measurable accumulation of sediment in the ECP so far. 

General

The response of the MCR during and after its filling to El 
+35 ft was studied in great detail by HL&P's architect & 
engineering firm, Bechtel Corporation, assisted by two 
geotechnical consultants who prepared detailed engineering 
evaluations of the MCR response in 1986 and proposed 
remedial measures that were implemented by HL&P.  However, 
the MCR filling completion report submitted in February 
1993 after filling the MCR to El +45 ft was not as 
extensive as the 1986 report.  Also some of the submitted 
data has not been signed by HL&P's staff.  However, HL&P 
assured the NRC staff that the data submitted to the NRC 
was reviewed by HL&P and approved by appropriate personnel.  
In this connection, the staff notes with satisfaction that 
a geotechnical engineer supervises the program of 
monitoring and inspection of both the reservoirs, and that 
the geotechnical engineer is supported by a reservoir 
inspector and a two-man survey crew to assist in monitoring 
reservoir instrumentation. 
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CONCLUSION

On the basis of a review of the licensee's February 22, 
1993 submittal and the additional information provided with 
its submittals of October 1, 1993, March 28, 1994, and June 
20, 1994, the staff concludes that the performance of the 
main cooling reservoir and the emergency cooling pond 
during and after the filling of the MCR to El +45 ft msl is 
generally satisfactory.  The staff further concludes that 
the MCR should provide a safe source of cooling water over 
the life of the plant if the current monitoring and 
inspection of the MCR and the ECP are continued.  HL&P has 
reported that the MCR is inspected daily and the ECP is 
inspected in accordance with Regulatory Guide 1.127. 

Since the seepage gradient values (3.8 percent, 4 percent, 
and 5 percent) at three locations of the MCR embankment are 
very close to the licensee's criterion value of 4 percent, 
HL&P has stated that it is closely monitoring the seepage 
exits at these locations.  It is the judgment of the staff 
that there is no immediate safety concern at these 
locations.  The staff, however, recommends that HL&P 
continue the close monitoring of the seepage exits, and 
make available to the NRC staff for review at the site the 
results of such monitoring, since one of the principal 
causes of catastrophic failures of embankments and dams is 
known to be 'piping' (the progressive erosion of the 
embankment material due to leaks developing under or 
through the dam).  Such reports should include the quantity 
and quality (such as the coloration, clear or muddy) of 
seepage water.  The staff intends to inspect the MCR 
embankment and review the stability and seepage 
calculations pertaining to the MCR on a mutually convenient 
date.

Principal Contributor:  R. Pichumani, ECGB 

Date:  September 19, 1994 



03/15/88   ST-HL-AE-2572   MAIN COOLING RESERVOIR; 

COMPLETION OF REMEDIAL WORK

March 15, 1988 

ST-HL-AE-2572

File No.:  G9.18 

G13.05

U. S. Nuclear Regulatory Commission 

Attention:  Document Control Desk 

Washington, DC  20555 

South Texas Project Electric Generating Station 

Units 1 and 2 

Docket Nos. STN 50-498, STN 50-499 

Main Cooling Reservoir; Completion of Remedial Work

The Main Cooling Reservoir (MCR) remedial work referenced in the South Texas Project 

Safety Evaluation Report (SER), Supplements 2 and 4 was completed in February, 1988.  

The objective of the remedial work was to: 1) provide filters at seepage exits located in 

the Plant Area Drainage Ditch (PADD), Relocated Little Robins Slough (RLRS) and 

Spillway Discharge Channel (SDC); 2) add new relief wells in order to lower uplift 

pressures in reaches around the MCR where factors of safety were expected to drop 

below 1.5 at a pool elevation of +49 ft.; 3) raise the invert of the PADD and RLRS  to 

design elevations and protect the ditch inverts from further erosion and 4) improve 

inspectability of all MCR collector ditches. 

Based on our observations of the MCR and pertinent instrumentation data, it is our 

conclusion that the above stated objectives have been accomplished.  Observations of the 

MCR and analysis of instrumentation will be intensified during the filling stages above a 

pool elevation of +35 ft.  Any detected deviations in MCR response during filling will be 

analyzed and if required, filling suspended while required modifications are made. 

The first increment of MCR filling started in March, 1988.  The MCR will be filled to a 

pool elevation of +40 ft. and held at this elevation for an observation period of three 

months.  Filling will again be interrupted at a pool elevation of +45 ft. for a second 

observational period prior to the final filling to +49 ft. 

HL&P believes that the above information fulfills the requirements of the SER as it 

pertains to this item (SER Section 2.5.7).  As requested by the NRC in SER Supplement 

2, HL&P will provide the results of the performance of the MCR embankment 

underseepage control system at +49 ft. 

If you should have any questions on this matter, please contact Mr. J. S. Phelps at (512) 

972-7071.
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Manager, Operations Support Licensing 
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11555 Rockville Pike 

Rockville, MD  20859 

Dan R. Carpenter 

Senior Resident Inspector/Operations 

c/o U. S. Nuclear Regulatory Commission 

P. O. Box 910 

Bay City, TX  77414 

Don L. Garrison 

Resident Inspector/Construction 

c/o U. S. Nuclear Regulatory Commission 
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02/22/93   ST-HL-AE-4317   PERFORMANCE OF MAIN COOLING 

RESERVOIR AND ESSENTIAL COOLING POND DURING AND 

AFTER FILLING

February 22, 1993 

ST-HL-AE-4317

File No.: G09.18 

C13.05

10CFR50

U. S. Nuclear Regulatory Commission 

Attention:  Document Control Desk 

Washington, DC  20555 

South Texas Project Units 1 and 2 

Docket Nos. STN 50-498, STN 50-499 

Performance of Main Cooling Reservoir and Essential Cooling Pond During and After 

Filling

Reference: Correspondence from M. A. McBurnett (HL&P) to NRC 

Document Control Desk, dated March 15, 1988 (ST-HL-AE-2572) 

Houston Lighting & Power Company (HL&P) submits the attached report describing the 

performance of the South Texas Project (STP) Main Cooling Reservoir (MCR) and 

Essential Cooling Pond (ECP) during and after filling.  The report fulfills the 

requirements in the STP Safety Evaluation Report, Supplement 2, Section 2.5.7, and in 

the above reference for reporting the results of remedial work performed on the MCR, 

and the performance of the MCR embankment underseepage control system with the 

reservoir at elevation 49 feet mean sea level (MSL).  The report also meets a commitment 

in UFSAR Section 2.5.6.10 that embankment performance history be available when the 

MCR and the ECP are filled. 

The original plan was to test the MCR at the maximum design pool elevation at +49 feet 

MSL.  Since the maximum water storage capacity is not needed for current operations, 

the testing requirements were changed to evaluate MCR performance at the current MCR 

operating level of +45 feet MSL.  The MCR underseepage control system will be 

reevaluated at a higher pool elevation only if additional reservoir storage capacity is later 

determined to be required, or the pool level is raised significantly by natural means. 

The MCR underseepage control system provides the design control of hydrostatic uplift 

pressures and provides engineered exits for seepage from the reservoir.  The current 

inspection and monitoring program is designed to provide a periodic evaluation of this 

system for the life of the reservoir. 



The MCR and ECP embankments are in good condition.  Except for final repairs to two 

surficial slides on the MCR embankment, there are no outstanding modifications or 

service requests to improve or restore the embankments or training dikes. 

If there are any questions, please contact either Mr. P. L. Walker at (512) 972-8392 or me 

at (512) 972-7138. 

S. L. Rosen 

Vice President, 

Nuclear Engineering 

PLW/ag 
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1.0  PURPOSE OF REPORT 

The purpose of this report is to document the performance of the Main Cooling Reservoir 

(MCR) and the Essential Cooling Pond (ECP) after the initial filling of both reservoirs to 

their normal operating levels.  This report contains a description of the reservoir 

monitoring organization, a description of the reservoirs, a summary of the filling 

operations, an evaluation of observations both during filling and after operating pool 

elevations were reached, and concluding remarks on the general condition of both 

reservoirs.

This report is intended to meet the requirements of the South Texas Project SER 

supplement 2 section 2.5.7, UFSAR section 2.5.6.10 and letter ST-HL-AE-2572, dated 

March 15, 1988.  Although the referenced commitments describe the maximum pool 

level of +49 feet MSL as the completion criteria for the MCR, plans to test the reservoir 

at this level have been changed.  There are currently no plans to raise the pool elevation 

above the +45 foot MSL operating level as discussed in section 4.1 of this report. 

2.0  SITE ORGANIZATION FOR RESERVOIR MONITORING AND 

INSPECTION

In accordance with South Texas Project SER Supplement 4 Section 2.5.7 a geotechnical 

engineer supervises monitoring and inspection of both reservoirs.  The geotechnical 

engineer is supported by a reservoir inspector and a two-man survey crew to assist in 

monitoring reservoir instrumentation. 

The MCR is inspected daily.  The ECP  is inspected in accordance with Regulatory Guide 

(RG) 1.127.  In addition, embankment and pertinent structure elevations, piezometer 

levels and relief well flows are measured and recorded as per SER Appendix J Table 1.  

Monitoring information is stored on a computer database.  Reservoir monitoring data is 

periodically plotted and reviewed. 

3.0  RESERVOIR DESCRIPTION 

3.1  Main Cooling Reservoir 

Site Geology:  The near-surface soils at the South Texas Project site belong to the 

Beaumont formation which is the youngest Pleistocene deposit of the Quaternary coastal 



plain.  The formation in the area of the MCR generally consist of discontinuous 

interfingering beds that grade laterally in short distances from clays to sands. 

Reservoir Description:  The MCR is an above-ground reservoir covering about 7000 

acres.  At the normal operating pool elevation of +45 feet MSL, the reservoir contains 

about 175,000 acre-feet of water. 

Embankment and Training Dikes:  The embankment forming the reservoir is 65,507 feet 

in length with a crest elevation of about +66 MSL feet which is 40 to 50 feet above the 

ground surface elevation.  The interior embankment slope is 2.5:1 and the exterior slope 

is 3.0:1.  The embankment is made of compacted clay with a sand core. 

The 10-ft. wide sand core extends from the ground surface to elevation +50 feet MSL.  

The purpose of the sand core is to prevent piping through the embankment itself.  The 

sand core will act as a filter for any material washed from the upstream half of the 

embankment.  The sand core has no drainage except at isolated locations where a drained 

horizontal sand blanket intercepts the core.  Horizontal sand drainage blankets were 

installed at three locations where the shallow aquifer does not extend to the relief well 

line.  The sand drainage blankets are to intercept seepage resulting from high uplift 

pressures under the embankment. 

There is a berm at the exterior base of the embankment with a crest elevation of about 

+35 feet MSL and a width of 33 ft. to 48 ft.  The berm provides additional slope stability 

and effectively increases the seepage path in the foundation soils.  An interior berm is 

present over most of the length of the embankment.  The interior berm is 20 ft. wide and 

provides additional stability. 

Erosion protection of the interior slope is a 2.5-ft. thick layer of soil-cement.  Grass is 

used for erosion protection on the exterior embankment slope and berm. 

Water circulation within the reservoir is controlled by a series of training dikes.  The 

dikes have a crest elevation of +52 feet MSL with side slopes of 2.5:1 and 2.5 ft. thick 

layer of soil-cement for erosion protection. 

Spillway:  The MCR spillway is located in the south-east corner of the reservoir.  Since 

the only uncontrolled filling of the reservoir is through precipitation, the spillway is 

relatively small.  The spillway is a reinforced concrete structure consisting of an approach 

channel, four 9.5-ft. tall by 6-ft. wide sliding gates, a spillway chute with a top elevation 

of +40-foot MSL, a stilling basin, and a discharge channel leading to the Colorado River.  

Except for an accidental opening of one spillway gate, the spillway has not been used.

The stilling basin and the spillway discharge channel have been modified as discussed 

below.  Their basic functions remain unchanged. 

Reservoir Blow-down:  The blow-down entrance is built into the south wall of the 

spillway approach channel.  The system consists of a gate with a +29-foot MSL base 

elevation and a 78-in. diameter pipe leading to seven 3-ft. diameter exit ports located 



south of the spillway discharge channel on the west bank of the Colorado River.  The 

blow-down system allows circulation of reservoir water to prevent an excessive 

accumulation of a salt in a closed basin.  The concentration of salts in the reservoir 

increased dramatically during the filling from +28 feet MSL to +35 feet MSL.  At that 

time there were no restrictions on make-up water quality.  Since then, strict water 

chemistry requirements have been imposed and the reservoir water quality has steadily 

improved.  The blow-down system has not been used to-date.  With a steady reservoir 

pool elevation, use of the blow-down system will be used to maintain water chemistry 

standards probably beginning in 1994. 

Reservoir Make-up and Discharge Structure:  The Reservoir Make-up Pumping Facility 

(RMPF) is located on the west bank of the Colorado River about one mile upstream from 

the spillway discharge channel exit.  The pumping facility consists of a rotating filter 

screen structure, forebay and eight pump bays.  The RMPF has four 240 cfs pumps and 

four 60 cfs pumps for a total capacity of 1200 cfs.  Water is pumped to the reservoir 

through two 108-in. diameter pipes exiting at the reservoir discharge structure located at 

the north-east corner of the reservoir. 

The reservoir make-up discharge structure is a reinforced concrete chute with energy 

dissipators and a submerged rip-rap lined channel. 

Circulating Water Intake:  The circulating water intake structure is built inside the 

reservoir embankment opposite the power block on the east side  of the north-central 

training dike.  The structure includes a rotating screen filter system and eight (four for 

each unit) 226,850 gpm pumps.  Each pump is connected to a 96-in. diameter pipe.  The 

pipes are supported on columns between the intake structure and the embankment.  The 

96-in diameter pipes converge into four 108-in. diameter pipes at the outside base of the 

embankment. 

Circulating Water Discharge:  The circulating water discharge structure is located just 

south-west of the power block and west of the north-central training dike.  The system 

consists of four 108-in. diameter pipes leading to a siphon/energy dissipation structure 

and a rip-rap lined discharge channel. 

Seepage Control:  Seepage and excess hydrostatic pressure in near surface sand layers are 

partially controlled by relief wells surrounding the reservoir.  The relief wells discharge 

into the Plant Area Drainage Ditch (PADD) along the north-east side of the reservoir, 

Relocated Little Robins Slough (RLRS) along the west side of the reservoir and into 

concrete-lined collector ditches along the east, south and north-west sides of the 

reservoir.  Relief wells intercept only a fraction of the seepage.  A significant amount of 

seepage flows directly into relief well drainage ditches that surround the reservoir.  For 

this reason, most ditches have some type of filter lining to prevent sand boils from 

developing.

The effect of the reservoir on hydrostatic pressure in the near surface aquifers and the 

efficiency of the relief wells in controlling uplift pressures are measured with piezometers 



at locations around the reservoir.  Piezometers are located at the embankment crest, at the 

top of the outside berm, along the toe of the embankment and along the crest of the relief 

well drainage ditches. 

3.2  Essential Cooling Pond 

ECP Description:  The ECP is an excavated pond covering about 46.5 acres at the normal 

operating pool elevation of +25.5 feet MSL to +26.0 feet MSL.  Natural grade in the area 

is about +25 feet. MSL.  The pond is 8.5 to 9 feet deep depending on the pool elevation.

When full, the ECP contains about 388 acre-feet of water.  Water make-up is either from 

the MCR or well water.  MCR water was used for the first filling.  Replacement water is 

primarily well water to improve water quality.  Excess water is pumped from the ECP 

into the MCR.  There is no spillway. 

Embankment and Training Dikes:  Unlike the MCR, the ECP is an excavated reservoir.

The perimeter embankment is designed to protect the bond from potential flooding 

caused by the failure of the MCR embankment or flooding due to the failure of dams on 

the Colorado River.  The surrounding embankment is rolled clay with reinforced concrete 

erosion protection over the category 1 area of the ECP (south half) and a 1.25-ft. thick 

layer of soil-cement erosion protection over the remaining portion of the embankment.  

The embankment has a crest elevation of +34 feet MSL and interior and exterior side 

slopes of 3:1.  The excavated portion of the pond has side slopes of 5:1 and soil-cement 

erosion protection.  The embankment is separated from the pond by a 30-ft wide berm at 

elevation +26 feet MSL. 

Water in the ECP circulates around a centralized training dike.  The training dike has a 

crest elevation of +38 feet MSL.  Erosion protection is reinforced concrete.  The dike is 

separated from the pond by a 30-ft. wide berm at elevation +26 feet MSL.  The dike side 

slopes are 3:1.  The side slope of the excavated portion of the dike is 5:1.  Soil-cement 

provides erosion protection on the dike berm and the excavated portion of the dike. 

Circulating Water Intake and Discharge Structure:  The circulating water intake structure 

includes a rotating screen filter system and six (three for each unit) pump bays.  Water is 

pumped from the pond through 30-in. diameter pipes to the units.  The discharge 

structure is simply a reinforced concrete funnel.  Water is discharged above the pond 

level through six 30-in diameter pipelines. 

Seepage Control:  Seepage from the ECP is minimal due to the low permeability of the 

natural soils and compacted clay backfill.  Any silty or sandy material encountered during 

construction was excavated to a depth of 2 feet below design grade and backfilled with 

compacted clay.  Sandy soil was encountered over the east half of the bottom of the ECP 

excavation.  The bottom was over-excavated 2 feet and filled to design grade with 

compacted clay. 

Design Assumptions:  A seepage rate of no more than 1.2 cfs is part of the design criteria 

for the ECP.  Seepage in excess of this value along with anticipated evaporative losses 



would deplete the water in the pond before cool-down of the units is complete under 

emergency conditions and assuming no makeup to the pond.  Actual ECP seepage losses 

are measured once every five years to verify compliance with this design criteria. 

In addition to the seepage criteria described above, the initial volume of water stored in 

the ECP is critical to the safe shutdown of the plant.  The minimum ECP storage capacity 

is 95% of the design capacity.  The required volume of water is maintained by keeping 

the water level between +25.5 and +26 feet MSL. 

Sediment accumulating in the pond will also affect the water storage capacity.  The ECP 

bottom elevation is measured annually to quantify sediment accumulation 

4.0  FIRST TIME FILLING 

4.1  Main Cooling Reservoir 

Incremental Filling:  The soil that supports the reservoir embankment has not been 

completely characterized.  This is due to the extreme length of the embankment, the 

inability of soil borings to detect every detail of the stratigraphy, and the complex nature 

of the local geology.  Since the foundation configuration is a critical part of the design of 

a water retaining structure, the incremental fill and observe approach was adopted for the 

first reservoir filling.  Prior to filling the reservoir, the underseepage control system was 

constructed to handle all anticipated flow conditions under the embankment.  Unexpected 

conditions observed during reservoir filling were corrected prior to initiating the next 

increment of filling. 

+28 Foot Pool Elevation:  Filling began in July, 1983 and stopped November, 1984 at a 

reservoir pool elevation of +28 feet MSL. The most significant modification at this pool 

elevation was the change in the circulating pipe penetrations through the embankment.  

The original design and construction was to bury the pipes in the embankment.  However, 

leaks in the circulating pipes could have degraded the stability of the embankment 

through underground erosion and by locally elevating the water table.  Therefore, instead 

of penetrating the embankment, the circulating water pipes are now exposed and run over 

the embankment in concrete saddles.  Other work included relief well repairs and 

replacement. 

+35 Foot Pool Elevation:  Between August and November, 1985, the reservoir pool 

elevation was raised from +28 feet MSL to +35 feet MSL. 

At this pool elevation, sand boils were noticed in the PADD, RLRS, the east side 

concrete drainage ditch, and the Spillway Discharge Channel.  Sand boils were 

eliminated at the above locations by placing various types of filter materials in the ditch 

and spillway channel inverts.  The filters consist of filter fabric in areas where little 

seepage is anticipated to graded granular filters where significant seepage is expected.  

Rock was placed over the filter materials to prevent erosion. 



Chronic seepage into some areas of the embankment toe ditches was also observed.  The 

toe ditches lie between the embankment and the relief well drainage ditches.  To 

eliminate this surface seepage, the toe ditches on the north side east of the units, at the 

north east corner, and along the west side have been partially filled with sand.  Some of 

the filled ditches have a perforated pipe drain located at the original bottom of the ditch.  

These ditches were intended to channel rainwater to lateral ditches leading to the PADD, 

RLRS or lead directly to the concrete collector ditch along the east side of the reservoir.

At reaches where drainage is not required, the ditches were completely filled.  In areas 

where drainage is required, enough of the ditch was left to accomplish the design 

function.

Where the natural clay layer in the relief well drainage ditch invert was thin (five feet or 

less), sand drains were installed to intercept seepage.  These are 6-in. diameter holes 

drilled on 5-ft. centers through the clay and backfilled with poorly graded fine to coarse 

sand.  Flow measurements taken in the PADD and the east and south concrete lined 

drainage ditches indicated a significant increase in seepage flow after installation of the 

sand drains. 

Additional piezometers and relief wells were added as required to measure and control 

hydrostatic uplift pressures.  To improve relief well performance, some of the new wells 

along RLRS were placed at the outside toe of the embankment and connected to a header 

pipe that drains into RLRS. 

The elevations of the outfalls of all the relief wells surrounding the spillway stilling basin 

were originally constructed too high.  Although these wells were designed to intercept 

seepage into the stilling basin, they never operated in their original configuration.  The 

well connections to the outfall pipes were lowered to a level just above the level of the 

stilling basin pond and connected to a header pipe emptying into the stilling basin.  These 

wells are now operating. 

Hydrostatic pressures increased significantly between the reservoir and Kelly Lake with a 

corresponding increase in relief well flows in this area.  The original relief wells were 

drilled next to the drainage ditch between the reservoir and Kelly Lake some 60 ft. away 

from the embankment toe.  New relief wells were installed at the embankment toe.  These 

wells intercept seepage closer to the source and more effectively reduce the uplift 

pressure.

+40 Foot Pool Elevation:  Between March and April 1988, the reservoir pond level was 

raised to elevation +40 feet MSL.  Additional sand boils were observed at the edge of 

some concrete relief well splash pads in RLRS and the PADD.  The affected splash pads 

were removed and the filter application in the ditch was extended to cover the area. 

+45 Foot Pool Elevation:  From January 1989 through June 1990, the reservoir level was 

raised to +45 feet MSL.  Additional sand boils were noted at the edge of several relief 

well pads in RLRS.  As before, the pads were removed and filter material placed to 

eliminate the sand boils. 



In 1991, the stilling basin was filled with sand to improve inspectability in this area. 

Reservoir Operating Level:  In order to optimize reservoir conditions with respect to 

safety, operability, and water chemistry, a study undertaken to evaluate reservoir 

conditions at various operating levels.  Completed in 1992, the conclusion was to operate 

the reservoir at a pool elevation of +45 feet MSL.  This will provide sufficient storage 

capacity to support operations through conditions of the drought of record, will not 

adversely impact water chemistry, and will provide and extra margin of safety by 

operating at a level below the maximum operating level of +49 feet MSL.  There are 

currently no plans to raise the reservoir pool level +45 feet MSL. 

4.2  Essential Cooling Pond 

Construction on the ECP was formally completed in March, 1980 when the reservoir was 

inspected and cleared for filling.  Prior to filling the pond, a second inspection of 

Civil/Structural features was completed in April, 1982.  Since the reservoir was not filled 

to the operating level until August, 1985, a supplementary prefilling inspection was 

conducted in July, 1985.  The first annual inspection after filling was conducted in July, 

1986.  Since the initial filling, the ECP has been inspected annually in accordance with 

RG 1.127. 

5.0  RESERVOIR PERFORMANCE DURING AND AFTER FILLING 

5.1  Main Cooling Reservoir 

Embankment:  A complete history of embankment settlement and consolidation of 

embankment materials has not been calculated.  Although embankment elevations have 

been monitored since the beginning of construction, several different control points were 

used.  Since there are no signs of unexpected total or differential settlement based on 

current surveys and observations, embankment elevation measurements have not been 

converted to a common datum.  Currently, the survey control for the embankment level 

loop is the same control point used for monitoring other plant facilities.  Use of this 

control points started in 1989.  Embankment construction was completed in 1979.  

Measurements since 1989 indicate a slight settlement of 1 in. to 2 in. through 1992. 

Embankment Deformation Measurements:  Inclinometers were installed in the 

embankment at four locations along the south side of the reservoir.  The south side of the 

reservoir was selected because it is the highest section of the embankment.  There are 

three inclinometers at each location to evaluate lateral movements of the inner slope, the 

outer slope, and the crest of the embankment (figures 71 through 82).  Inclinometer 

readings began in 1983.  There is no record of embankment deformations between the 

end of construction in 1979 and the first inclinometer readings. 



All of the inside slope inclinometers recorded surface movements of less than an inch in a 

northerly direction, toward the reservoir.  The crest and outside slope inclinometers 

recorded surface movements up to 2.5 inches toward the south, away from the reservoir.  

The depth of significant disturbance, greater than half an inch, is confined to the upper 10 

feet in all cases.  Reversals in movement trends over the three years shown on the figures 

may be due to instrument damage by mowing equipment. 

The greater movement on the outside slope is most likely due to seasonal moisture 

changes and corresponding changes in soil volume.  The crest inclinometers are also 

affected by soil volume changes and, as expected, moved toward the slope with the 

greatest deformation.  Although the inside slope is steeper than the outside slope, the 

inside slope experienced less movement probably because the soil-cement covering 

prevents significant changes in the soil moisture content.  The soil-cement may also 

provide some structural support for the inside slope. 

Embankment Slope Failures:  Except for three incidents of shallow slides on the outer 

slope (embankment stations 16, 20, and 435), inclinometer measurements and 

observation over the entire embankment reveal no significant deformations.  All three 

slides were repaired soon after they appeared.  The slides are most likely a result of 

weakened surface soils caused by cyclic changes in moisture content and associated soil 

volume changes.  As the soil dries, cracks are formed that inevitably fill to some extent 

with loose material.  When the soil is rehydrated it expands and the cracks close.  If the 

cracks are partially filled, the expanding soil block will move laterally creating a 

weakened zone at the base of the block. 

Erosion Protection:  The embankment is protected from erosion by soil-cement on the 

inside slope and grass on the outside slope.  The training dikes are covered with soil-

cement.  The embankment and dike surfaces are inspected at least annually for signs of 

erosion.

The soil-cement has minor spalling and frequent lateral cracking.  There have been no 

observed defects that affect the function of the soil-cement.  There is currently no 

noticeable damage to the soil-cement as a result of wave action.  Based on these 

observations, the soil-cement should provide erosion protection for the life of the plant 

without major repairs. 

The grass on the embankment outer slope effectively protects the soil from erosion.  The 

grass is mowed regularly to maintain inspectability, prevent large plants with deep root 

systems from becoming established and to eliminate shade that inhibits grass growth.  

The only problems encountered with grass are isolated incidents of wild pigs rooting on 

the embankment slope.  These areas have been regraded and replanted.  There is an 

ongoing trapping program to control the site pig population. 

Underseepage Control:  There are currently 428 reservoir piezometers used to evaluate 

the effect of the reservoir on adjacent near-surface permeable zones.  The ground water 

level just outside the reservoir embankment is a function of the ground surface elevation, 



recent precipitation, proximity to the effective reservoir seepage entrance, and the 

reservoir pool elevation.  Piezometer readings were used during the first reservoir filling 

to evaluate the effectiveness of the relief well system.  At several locations, additional 

relief wells were installed to reduce hydrostatic pressures.  Piezometers continue to be 

monitored to evaluate the performance of the relief wells and as an early indication of 

potential changes in seepage patterns. 

Piezometer Levels:  Piezometer data are displayed on figures 1 through 69.  In addition to 

the piezometric levels, the reservoir pool elevation is plotted to show the changes in the 

water table compared with changes in the reservoir pool elevation.  Figures 1 through 34 

are traverses of three to four piezometers aligned at right angles to the embankment axis 

and at varying distances from the reservoir.  As shown on the plots, the piezometric level 

fluctuates with the reservoir pool elevation to varying degrees depending on the distance 

from the piezometer to the reservoir. 

In addition to piezometers in the shallow aquifer, each of the 34 traverses includes a 

piezometer in the embankment sand core.  The sand core is only drained in three 

locations or only at about 10% of the length of the embankment.  At the drained 

locations, the piezometric level in the sand core is relatively low.  Where the sand core is 

undrained, piezometric levels above the reservoir pool elevation were recorded during 

reservoir filling.  As shown on the plots, the water level in the sand core is stable and not 

affected by changes in the reservoir pool elevation. 

Although the origin of the high water table in the sand core is not understood, its 

existence demonstrates the water retention capabilities of both the upstream and 

downstream sides of the embankment. 

Figures 35 through 69 are plots of the piezometers at the crest of the relief well drainage 

ditches surrounding the reservoir.  The water table near the drainage ditches is of 

particular interest because the ditches are often the closest seepage exits. 

Relief Wells:  There are 774 relief wells around the reservoir.  Recent measured relief 

well flows are recorded on tables 1 through 34.  The purpose of the relief wells is to 

lower uplift pressures and intercept seepage.  The relief well flow rates vary from 0 gpm 

to 25 gpm depending on the local hydraulic gradient and the permeability of the aquifer.  

The flow rates are measured to evaluate changes in flow that indicate clogging of the well 

screen or changes in flow patterns. 

Relief well flow rates have generally increased as the reservoir pool elevation increased.

The relief wells adjacent to the plant are not flowing because the water table is just below 

the elevation of the well outflow pipe. 

Sand Drains:  In addition to the relief wells, sand drains have been installed in the ditch 

bottoms of the PADD, and the concrete-lined ditches on the east and south sides of the 

reservoir.  The drains were installed where the clay layer was five feet thick or less.  The 

drains are designed to lower uplift pressures where the confining clay layer was relatively 



thin and to intercept seepage.  Measurements of ditch flow and relief well flow before 

and after installation of the sand drains indicate an increase in ditch flow and a decrease 

in relief well flow.  Piezometric levels adjacent to the ditches also decreased. 

Seepage Filters:  Except for two short sections of the drainage ditch system at the 

northeast and northwest corners of the MCR, all ditches incorporate some form of filter 

blanket.  The two sections of ditch that do not have any drainage protection are in areas 

with thick surface clay layers and no apparent seepage.  The filters are either graded 

granular material or filter fabric.  The filter application was necessary to prevent the 

formation of sand boils.  Some sand boils still occur in high seepage flow areas either 

through filter defects or through gaps between the filter material and relief well splash 

pads.  Sand boils in these areas have been eliminated with remedial measures such as 

increasing the thickness of filter materials or removal of the concrete splash pads. 

Spillway and Stilling Basin:  The spillway structure is in good condition.  Recent 

modifications to the spillway system include filling the stilling basin with sand and 

adding a filter and erosion protection to a portion of the spillway discharge channel. 

The spillway discharge channel was an area of active sand boils.  To eliminate this 

problem, the bottom and sides of the first 750 feet of the channel were over excavated, 

backfilled with sand, filter material, and a final layer of rip-rap.  This modification 

eliminated the sand boils and provides erosion protection. 

The spillway stilling basin is designed to dissipate the kinetic energy of water flowing 

down the spillway chute.  The stilling basin is lined with a graded granular filter and rip-

rap to protect the filter material from erosion.  Since the water in the stilling basin was 14 

feet deep, the effectiveness of the liner material could not be verified by inspection.  

Filling the stilling basin with sand increases the flow path from the reservoir to the exit 

point and allows access to the area by the reservoir inspector.  Seepage of 75 gpm was 

recorded before filling the stilling basin with sand.  Seepage of only a few gpm continues 

on both sides of the stilling basin. 

The stilling basin still functions as an energy dissipator.  During operation of the 

emergency spillway the sand filling the basin will be eroded down to the original rip-rap 

basin lining.  Use of the spillway is not anticipated under the present reservoir operating 

plan.

Seepage Gradient:  The seepage gradient was measured at 34 locations around the 

reservoir where there are three to four piezometers in a line normal to the embankment 

axis.  The seepage gradient around the reservoir is generally between 1% to 2.5%.  There 

are, however, three locations with seepage gradients as high as 8%.  Sand and clay 

borrow pits within the confines of the embankment were not permitted within 800 feet of 

the embankment centerline.  This restriction was to preserve the natural surface clay 

lining to the extent that lateral head loss from an exposed sand layer in the barrow area 

would equal the vertical head loss through the surface clay at the inside embankment toe.  

A permeable layer is probably exposed near the embankment at the three locations with 

high seepage gradients.  The seepage exits at all three areas are monitored closely. 



Uplift Pressures:  Factors of safety against uplift pressures remain at or below 1.5 at a 

reservoir pool elevation of +45 feet MSL.  In addition to the safety factor, the ditches 

where the safety factors are the lowest are provided with filters and sand drains. 

Circulating Water Intake Structure:  Settlement measurements on the intake structure 

began in 1977.  To date, the structure has settled about 0.4 feet on the north side closest 

to the embankment and about 0.3 feet on the south side. 

5.2  Essential Cooling Pond 

Embankment and Training Dike:  ECP settlement data was first collected in 1979.  The 

survey monuments are located on the inside berm.  Measurements to-date indicate a 

range from almost no movement to about 0.1 ft. of heave.  The heave is probably a 

combination of expansion of the soil due to increased moisture content as a result of a 

localized high water table and stress relief due to the excavation of the ECP pond. 

ECP Piezometers:  The water table elevation around the ECP ranges from about +18 feet 

MSL to +24 feet MSL.  The lower piezometric level closer to the plant is due to the 

relatively low water table in the category 1 backfill.  The piezometer level history is 

shown on figure 70.  Also plotted is the MCR pool elevation.  There is a slight correlation 

with the fluctuation of the MCR reservoir level and ECP piezometer readings 

Erosion Protection:  The annual ECP inspections have revealed nothing that would affect 

or limit the performance of the ECP.  Although, cracks in the soil-cement are common, 

none of the cracks impact the erosion protection function of the soil-cement.  The 

reinforced concrete panels, especially the lower panels, have longitudinal cracks.  These 

cracks are not open and do not affect the erosion protection provided by the reinforced 

concrete slab. 

Seepage Evaluation:  ECP seepage evaluation began in 1986.  The first seepage 

measurement was a water balance study.  Precipitation, evaporation, make-up, and blow-

down quantities were measured.  The remaining unaccountable change in volume was 

attributed to seepage.  Measured seepage was 0.3 cubic feet/second (cfs).  The design 

maximum seepage loss is 1.2 cfs. 

Seepage measurements remain a continuing commitment.  Every five years, a simplified 

water balance study is conducted.  The simplified water balance includes measurements 

of precipitation and decline in reservoir pool elevation.  Make-up and blow-down not 

permitted during the evaluation.  Evaporative losses are conservatively attributed to 

seepage loss.  The 1990 simplified seepage evaluation revealed a measured water loss 

rate of 0.975 cfs.  Since the total water loss rate was less than design seepage rate, there is 

no need to separate seepage and evaporation rates. 

Sediment Accumulation:  The bottom elevation of the pond is measured annually along 

five traverses.  The measurements are compared with the design elevations to determine 



the amount of sediment accumulation or scour.  To date, there is no significant 

sedimentation or scour.  The capacity of the ECP is essentially at the design value. 

Circulating Water Intake and Discharge Structures:  ECP intake structure movements 

through the first quarter of 1992 range from just over 0.3 inches on the north and west 

sides to a slight heave of about 0.1 inches on the south and east sides.  This produces a tilt 

of about 0.4 of an inch.  The allowable tilt is 0.75 inches. 

The discharge structure has settled as much as 0.26 inches on the north and west sides 

and as little as 0.04 inches on the south side.  The maximum tilt across the structure is 

0.22 inches.  The allowable tilt is again, 0.75 inches. 

6.0 CONCLUSION 

6.1 Main Cooling Reservoir: 

Underseepage Control:  During the MCR design phase, underseepage control was 

recognized as a major element.  Two options were considered for controlling seepage and 

uplift forces.  the first option was to construct a positive cutoff wall in the form of a 

slurry trench that would encircle the reservoir and effectively block the shallow aquifers 

under the embankment.  The second option was to control underseepage by intercepting 

seepage flow with relief wells.  Relief wells were selected as the most cost effective 

solution.  The wells provide pressure relief as well as an engineered seepage exit.

Inherent with the relief well approach in a complex geological setting is the need for 

inspections and modifications during first time filling and over the life of the reservoir. 

Although at the end of the reservoir construction phase the relief well system was in 

place to handle expected seepage conditions at the maximum design reservoir pool level 

of +49 feet.  MSL, significant modifications were required during filling to control 

unexpected sand boils and uplift pressures.  The current good condition of the reservoir 

and underseepage system demonstrates the effectiveness of the inspection and 

modification program.  The MCR should provide a safe reliable source of cooling water 

over the life of the plant with the continued use of the inspection program. 

Embankment Adjacent to the Plant:  Except for shallow embankment slides at stations 16 

and 18, there have been no problems with the embankment or underseepage control 

system adjacent to the plant.  This is most likely due to the concentrated attention to this 

reach of the embankment during the design phase, closely spaced relief wells, and the site 

grade generally slopes to the south making the reservoir about 8 feet deeper on the south 

side.

Appurtenant MCR Structures:  The circulating water intake and discharge structures, the 

make-up water discharge structure and the spillway are all in good condition.  The 

concrete structures exhibit some cracking, however, these cracks were noted in the 

preimpoundment report.  There is no observable degradation of these facilities. 



Reservoir Maintenance:  Maintenance on the outside embankment, drainage ditches and 

the spillway discharge channel is consistent with operating and inspection requirements.  

The grass from the embankment crest to just past the outside edge of the reservoir 

drainage ditches is well maintained.  All of the drainage ditches and the spillway 

discharge channel are routinely cleared of weeds to allow flow and inspection of the ditch 

bottoms. 

Reservoir Operating Level:  The plan to operate the reservoir at a pool elevation of +45 

feet MSL is designed to provide optimum operational flexibility and safety.  There are 

currently no plans to artificially raise the reservoir pool level above +45 feet MSL. 

6.2 Essential Cooling Pond: 

Embankment and Training Dikes:  The embankment and training dikes are in good 

condition.  Minor cracking in the soil-cement and reinforced concrete do not affect 

erosion protection.  There is no significant settlement or deformations of either the 

embankment or training dikes. 

Seepage Measurements:  ECP seepage rates are measured every five years to verify 

design limits on the rate of water loss.  The first seepage measurement separated seepage 

losses and evaporative losses.  The results of that measurement was a seepage rate of 0.30 

CFS.  Subsequent simplified water balance studies attribute all water loss to seepage.  

The first simplified study was conducted in 1990.  The measured water loss was 0.975 

cfs.  The simplified water balance method will be used to evaluate seepage losses as long 

as the total water loss is less than the design maximum seepage loss rate.  If future 

measurements reveal a water loss greater than the maximum allowable seepage rate of 

1.2 cfs, evaporative losses will be considered. 

ECP Volume Change:  Sediment accumulation is measured in the ECP annually.  To 

date, there has been no measurable accumulation of sediment in the ECP.  The current 

pond volume is essentially the original design volume. 

Circulating Water Structures:  The concrete on both the intake and discharge structures 

are in good condition.  Measured settlement and heave of the structures are within 

allowable differential movements. 
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Interim Report Concerning The Design Basis Flood for the South Texas Project

I.  Summary

The DBF evaluation for STP, as documented in the FSAR, was open in accordance with 

Regulatory Guide 1.59, Rev. 0.  This Regulatory Guide does not require consideration of 

the effects of erosion and scour resulting from the DBF event.  Subsequently Regulatory 

Guide 1.59, Rev. 2 was issued which includes an endorsement of ANSI N170-1976 

which requires consideration of the effects of erosion and scour. 

The DBF event of concern is the non-mechanistic failure of the Main Cooling Reservoir 

(MCR) embankment and associated flooding of the STP Category I structures.  Based on 

a preliminary report from BEC which indicated that the erosion and scour associated with 

this non-mechanistic embankment failure has the potential to affect the structural backfill 

supporting the foundations of STP Category I structures, HL&P notified USNRC Region 

IV that this item was "potentially" reportable pursuant to 10 CFR 50.55(e) on August 30, 



1983.  HL&P further informed Region IV that this item would be discussed with the 

NRR staff in Bethesda in order to clarify the NRC staff licensing position for STP. 

II.  Description of the Deficiency

On August 30, 1983, pursuant to 10CFR50.55(e), Houston Lighting & Power Company 

(HL&P) notified the NRC Region IV of an item concerning the DBF for the STP.  Prior 

to the project transition phase, the previous Architect Engineer, Brown & Root Inc. 

(B&R), initiated Engineering Design Deficiency (EDD) Report No. 81-0698 identifying a 

concern relative to the potential of erosion of Category I structural backfill due to a 

postulated non-mechanistic breach of the MCR embankment.  B&R made a preliminary 

judgement that structures would not be significantly affected.  However, the evaluation 

was not completed prior to the termination of B&R activities on STP. 

Evaluation of potential erosion effects of a postulated embankment breach was neither a 

licensing requirements nor the subject of NRC review at the Construction Permit (C.P.) 

stage.  As a result, this consideration was not included in the design criteria for the STP.

As required by R.G. 1.59 (Rev. 0), the FSAR addresses only the hydrostatic and 

hydrodynamic effects due to an assumed non-mechanistic embankment breach.  

Subsequently ANSI-N170 was issued (and referenced in Revision 2 of R.G. 1.59 dated 

August 1977) requiring the evaluation of scour and erosion effects associated with DBF 

events.

Bechtel has performed a preliminary evaluation of the postulated non-mechanistic 

embankment breach and the potential scour and erosion effects on safety-related 

structures and systems as part of the disposition of the B&R EDD.  The evaluation did 

not assess the potential for an embankment failure to occur.  Rather, it assumed the 

occurrence of an embankment breach of size and location that would cause case scour 

and erosion in the STP power block area. 

The results of the preliminary evaluation indicated that it could not be conclusively 

demonstrated that certain safety-related structures (i.e. those on the near side of the power 

block to the MCR) would be unaffected by the scour and erosion effects of the postulated 

breach.

III.  Corrective Action

In order to fully clarify the NRC licensing position for STP, HL&P has been in contact 

with the NRC Hydrology and Geotechnical Branch of NRR.  Included in these informal 

discussions was the question of the appropriate design basis for flooding effects to be 

used by NRR in their continuing review of STP.  As a result of these preliminary 

discussions, NRR has indicated that no detailed analysis of the degree of erosion and 

scour associated with the postulated non-mechanistic MCR embankment failure would be 

required if it could be demonstrated that the MCR embankment will not fail from any 

credible event.  During these discussions it was assumed that the only credible failure 

modes would be overtopping due to a flood event, internal soil failure, or a seismic event.  



The NRC indicated that an acceptably low risk of catastrophic failure of the MCR 

embankment can be shown if it can be demonstrated that 1) significant overtopping of the 

MCR embankment would not occur during any probable maximum flood event; 2)  the 

MCR embankment facing the STP Category I structures is not susceptible to internal 

embankment failure; and 3)  the MCR embankment facing the STP Category I structures 

would not fail in a Safe Shutdown Earthquake in combination with a 25 year recurrent 

MCR water level. 

Based upon these early discussions, HL&P is preparing a plan of action to resolve these 

issues and is proposing to meet formally with the NRC-NRR in the near future to discuss 

our resolution. 
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