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Research on Abrasive Materials in Stilling Basins :
PURPOSE T |

To report work I have done on the hydraulic research project "Abrasive
Materials in Stilling Basins." After you read this memorandum
progress report and see a slide presentation I will prepare, you can
then decide if a more formal report should be made, and also what the
scope of the report should be.

{ INTRODUCTION

when assigned this project I thought there might be a specific model
study in mind. However, there was not and thus I tried to determine

if the Bureau had a severe problem of abrasive materials in stilling
basins, or only isolated occurrences. Thus, I made a literature search
and afterwards a survey of Bureau stilling basin experience.

LITERATURE SEARCH

I contacted the library and had a computerized search made. It was

very hard finding appropriate words from the thesaurus of Water

Resource Terms that distinctively aimed the search at stilling basin
abrasion. The thesaurus words have been cataloged from previous
experience and the subjects of scour and erosion were very prominent
(but not from the standpoint of abrasion damage). The lack of thesaurus
words shows the relative newness of this research project.

I received 27 references (appendix Ia), none of which were helpful to
me. In fact one reference (No. 23) was my own research project, which
I am presently working on. Another reference description (No. 15)
surmises that polymer-impregnated concrete is protecting against
erosion. However, after reading this in the article, "Much of the
damage is attributed by the Corps of Engineers to construction debris
that could not be removed before water was released through the
spillway," I feel that conditions causing abrasive damage have been
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alleviated. Undoubtedly the stronger concrete can withstand abrasion
better and should not be overlooked, but I feel the hydraulic part of
the problem should be pursued from our standpoint.

I also searched through literature listed in the Bureau library
microfilm system (more than I have shown in appendix Ib) and scanned
through numerous documents. Only one document was found that [
believed relevant to this research, R202,506, Arthur, H. G. and Jabara,
M. A., "Problems Involved in Operation and Maintenance of Spillways and
Outlets at Bureau of Reclamation Dams,” International Commission on
Large Dams, Istanbul, Turkey, September 4-8, 1967. A generalization
was given concerning the problem.

"Bureau of Reclamation experience with spillway hydraulic jump
basins has shown that considerable damage can occur to concrete
surfaces from debris present in the hydraulic jump. This debris
is mainly rock which has fallen into the basin from adjoining
slopes, has been thrown in by visitors, or which has been drawn
in from the outlet channel by the reverse currents present in
the jump. The damage consists of erosion of the floor, walls,
and of the dentates.

The severity of damage depends on a number of factors, one of
which is the frequency of use. For some projects the outlet
works is designed to utilize the spillway stilling basin, to save
the cost of a separate energy dissipator. This may result in
freqyent use of the spillway stilling basin and increase the
chanéhs of erosional damage if other unfavorable conditions
exist.”

The paper went on to report about combined outlets works and spillway
stilling basins and big hollow-jJet valve basins being susceptible to
abrasion damage. However, there was not much information about Type II
and III basins. Therefore, I decided a survey should be made for
Bureau stilling basins, hopefully to give good definition to the
problem and also cover a wider range of basins.

At first the approach was for an interdisciplinary team to make the
survey. Sometime later I talked with Tom Rhone about this and the
consensus was I should make the survey.




SURVEY QUESTIONS

To aid in making the survey I had a brief writeup teliing what informa-
tion would be useful (appendix II). I felt if this information could

be obtained then management could better judge seriousness of the

problem, have the cost information, and thus establish priority for
funding research. Alsoc some "common denominator" information may

show up indicating "hydraulics" that should, or should not, be researched.
While I had some inkling that obtaining answers to the survey questions
might be difficult, I did not realize I was asking for the near
impossible, or if not impossible certainly a much more expensive and

time consuming effort.

ENDEAVORS RELATED TO THE SURVEY FORM

I gave the survey form to Ed Rossillon, Head of the Spiliways and
Outlets Section, requesting what help they could readily give me; and
without using an excessive amount of their time. He gave a list of the
following dams that have had stilling basin abrasion problems: Causey,
Mason, Navajo, Tiber, Palisades, Ruedi, Trinity, Haystack, Wanship,
and Yellowtail. Major or remedial repair work has been done on these
structures. Mr. Rossillon thought a rock trap may be one possible
solution to the problem. He believed most material was brought in by
the hydraulic action of the water at the downstream end of the basin.
Other than this list of dams he could not supply me with more specific
information and suggested that I see Vern Yocom from the Division of
Water O&M.

I gave Vern the survey form, Ed Rossillon's list, and asked if he

could help. He looked in their 0&M files and gave me further informa-
tion, appendix III. While this was helpful it still was not conclusive,
nor gave me a strong indication that our hydraulic design was inadequate
(in the sense that hydraulic action pulled debris into the basin,
excluding hollow-jet stilling basins). Also Vern brought out the

factor about people throwing a large number of rocks into stilling
basins.

I wanted a more inclusive survey of Bureau stilling basin experience.

At this time I knew of the underwater diver reports which I had seen

in the "Review of Maintenance Program" (you had routed these to me),

and I asked Vern if he had these in their 0&M files. They did;

however, the diver reports were not in one single file, but were in
individually bound files for each of the different dams. If possible

I did not want to go through each of the files. With further questioning
I found that Shirley Barnes could make a computer search for me,

listing a short statement about the underwater/unwater examination of

the basins for all the dams.



SEARCH OF THE O&M FILES

First I looked through the computer printout that Shirley gave me.
(She had to modify their program to give me only the information I
wanted so I would not have armloads of paper. At this point I want

to acknowledge the cooperation and help that Shirley and Vern gave me.)
The printout was of a brief nature and thus I used it to find out what
individual dam files I should look at. There was a total of 300
facilities listed - storage dams, diversion dams, carriage systems,
and others. I excluded diversion dams because they can have bedload
diverted through them and felt they would not be indicative of the
problem. There were 218 storage dams and of these the computer
printout gave me reason to look at 1ll4 files.

In looking through each file, there were different sources of informa-
tion, Review of Maintenance Program reports (from both E&R Center and
Regional level), underwater diver reports, travel reports, and correspon-
dence. Needless to say, I did not find all the survey form information.
In fact for some cases I had to search and read diligently, and felt
like a detective in trying to make some determination of what happened.
I was depressed and overwhelmed about the problem of rocks in stilling
basins, especially in relation with my survey intent of providing good
definition of the troublesome hydraulic flow conditions. At this

point it was time consuming searching the files and I was wheel
spinning. After some time it became evident I had to reevaluate .
information for my survey, lower my sights, and provide less.

I have presented the survey information in appendix IV and V. Appendix IV
is a tabulation of the rock and abrasion survey made of USBR stilling
basins. The intent was to briefly summarize and categorize abrasion
experience of the stilling basins. Column headings indicate problem
severity "Rocks" being considered the least severe, "Abrasion" more
severe, and then increased severity of abrasion to "Exposed rebars,"
and then the necessity for "Repaired." However, there were three
instances when repairs were made before the rebars were exposed, thus
somewhat reducing the significance of the last column. Appendix V is
an information brief providing more information about quantity of
rocks, extent of the damage, and cleaning the stilling basins.

NOTES CONCERNING THE SEARCH

In starting the search I came across information which I did not
believe too meaningful. However, at a later time I changed my mind
and used this information to make judgements. ‘There were interesting
circumstances which I found and also some questions formed in my mind.
Thus, this section of the memorandum may ramble but should provide
background information.



In some instances when the diving inspections were made the water was
clear with good visibility. In many instances, though, the water was
murky with very poor visibility and the inspection was made by feeling
the surface. Thus, it is difficult to measure the erosion depth of
concrete. Generally, the diving reports describe rock shape character-
istics. An angular or sharp cornered rock is one that has not been
subjected to excessive tumbling or "ball milling" action. For some
reports subangular was used and I was not sure whether partial abrasion
of the rock corners was implied. Well-rounded rocks generally implied
considerable grinding movement of the rocks. Yet this term cannot be
considered "all inclusive" because I saw some photographs where these
rounded rocks were available to be thrown into the basin.

Location of the rock in the basin can be indicative of how the rock
entered the basin. Rock at the upstream end of the basin near the toe
of the spillway chute, rock resting below the water surface on the
chute, and rock resting on top of the chute blocks probably entered
from the spillway chute, and not from hydraulic action of the water
pulling it in from the downstream end. (This observation may be
invalid for a combined outlets works - spillway stilling basins and
hollow-jet valve basins.) There were photographs where it appeared
rock at the upstream end of the basin had been moved by a small or
medium discharge to an orderly deposit downstream from the chute

toe. Other photographs indicated a somewhat larger discharge may

have moved and deposited rock at the downstream end of the basin but
had not been great enough to flush the rock out of the basin. This
rock was not considered to have been hydraulically pulled into the
basin because riprap immediately downstream from the basin was in
place. The term "scattered rock” was considered to mean that the rock
was probable thrown into the basin and was not moved to an organized
deposit by hydraulic action of the water. Also, there were instances
where rock deposits were greater near sides of the stilling basin,
suggesting that these rocks were thrown in by people.

Factors of the “"rock in stilling basin" problem as mentioned in
Arthur's and Jabara's paper were strongly supported by the search.
Indeed, spillway chutes proved effective for collecting sloughing rock
and funneling it down into the basin. In addition, the location of
these chutes are locked into foundation requirements that place them
adjacent to cliffs and steep slopes. Also, people are attracted to
the rolling of rocks down these inclined planes.

PEOPLE are another strong contributing factor of abrasive material
(rocks and metal construction debris) entering stilling basins, and
over the years the Bureau has built fences trying to keep rocks from
being thrown into the basins. However, the inherent character of
people causes them to accept these fences as a challenge and rocks are



still thrown into the basins. One diver report remarked that because
of the height of the fence and the size of the rock it must have taken
a joint effort to heave it into the basin. Even "do not throw rock"
signs are ignored and people still throw rocks into basins and chutes.
One facility removed their sign because they thought it gave people
the idea, and believed no more rocks were thrown in than before.

Frequency of basin use was another important factor concerning abrasion
damage. Note for the table of appendix IV and the "Exposed Rebars" and
"Repaired” columns that the basins are predominantly outlets works or
combined spillway-outlets works basins. Generally, outlet works operate
a much greater time than spillways and thus experience more damage.

For outlets works stilling basins the most extensive concrete abrasion
occurred on the floor, on the walls in the immediate vicinity of the
floor, but not on the walls at any appreciable distance above the
floor (Trinity and Navajo hollow-jet basins excluded). Also, the most
extensive abrasion could occur at different locations within the
basin, depending upon the guantity of discharge (this was a conclusion
I made, but without definite records of basin discharge). At small
discharges abrasion was found on the chute floor, at slightly greater
discharges the abrasion could be in the vicinity of the chute toe
(both on the chute and stilling basin floor), and with progressively
higher discharges the most extensively damaged area would be located
further downstream in the basins. Judging from the photographs I saw
in the 0&M files many basins do not operate at a conjugate depth
tailwater condition, but in the lower range, discharges have a much
higher tailwater condition. For nonoperating conditions many of the
basins had an appreciable water depth pool. Also, the diver reports
listed 3- to 6-m water depths when making their examinations. ({This
figure I came up with by "recall® and I am sure there are basins with
greater and lesser depths). Possibly the submerged hydrau11c Jjump
operating conditions may be conducive to abrasive action in the
stilling basins.

Silt and sand deposits were found in many basins. In one instance the
silt entered directly from the intake, another instance it was from
water surface runoff carrying silt into the basin, another of windblown
sediment, and for others I believe it could be from water currents
generated by an outlet works carrying the small particles into the
adjoining spillway basin. If the deposits become too deep there is a
question whether flow will overtop the basin walls. The designers
would like to see the basins cleaned out. The users say it costs too
much, the deposits will form again, and anyway a good spill will flush
it out. The operations people are caught in the middle. Silt flushing
tests were made for the outlet works basin of Twitchell Dam. There

was a 10-m (30-ft) thick deposit of firm clay. Flushing tests



started with a low discharge and progressed to higher discharges, with
each discharge held for a period of 30 minutes. Also, some material
was removed with a clamshell equipped crane. Just a little more than
half the deposit length was flushed out and a 34-m (110 ft) length

of the deposit remained at the downstream end of the basin. Looking
at photographs of the turbulent basin flow I wondered why more of the
sediment was not removed because downstream from the hydraulic jump
the water appeared fast flowing. Evidently considerable energy is
required for eroding firm clay deposits. The region reviewed these
tests and decided operating restrictions were not necessary. They
felt the 30-minute gate opening time would be adequate for flushing
future deposits without flow overtopping the walls. My point in
bringing all this up is maybe there is a danger of damage to these
silt deposit basins of having a floodflow released too quickly into
the basin?

In reading the underwater diver reports I found a diversity of style
among the regions. My preference was for the MP Region reports. In
my estimation they gave the most information. They were the first to
provide sketches of the basins which give a quick and more easily
understood summary of their inspection. There were more detailed
measurements concerning deposit size in the basins; contour lines in
some cases. They tried to analyze how the rock entered the basin and
hydraulic action that did the abrasion damage. In some of their later
reports they added some operating information such as discharges the
basin experienced since the last inspection (this can be helpful in
trying to reason about debris movement and basin damage), and they
made comments concerning their recommendations. However, I came to
the conclusion that the MP Region spent more money than the other
regions for their inspection program. It would be advantageous if some
of the other regions upgraded their underwater diving inspections and
reports, but these regions probably do not want to spend the money.

COMPLETENESS OF THE SURVEY

This was not a complete survey of all Bureau stilling basins. The
computer printout listed 218 storage dams, I looked at 114 of these,
and listd 96 of them in the survey tables. The 18 (114 minus 96) that
were not in the table were basins I did not consider appropriate (flip
buckets, flat concrete slabs, on rock foundations, etc.). Also, there
is another example of incompleteness. When talking to Mike Colgate
about this problem, he pulled a photograph from his files showing
repair of Fontenelle Dam stilling basin. I did not find a record of
this in the 0&M file. Thus, the 0&M files may have some gaps or I
missed the material. I do not know how many stilling basins the



Bureau has. A 1967 map and list of Federal Reclamation Dams shows
232 storage dams. wWhile I have not looked at that many records, I
believe I have a good survey of Bureau experience, especially so since
I have included the damaged stilling basins listed by Mr. Ed Rossillon.

DAMAGED STILLING BASINS

One purpose of the survey was that some common denominator type of
information would appear and would be useful in directing us in our
future research. Thus, I looked at the damaged stilling basins which
have required repairs to cover the exposed rebars, appendix IV; I have
categorized these basins not as type I, type II, etc., but as spillway
or outlet works basins.

Note: S = Spillway
OW = Qutlet Works
HHSG = High-head Slide Gate
Dam Category of basin
Anderson Ranch Combined S & OW
Pineview Combined S & OW
Echo Combined S & OW
Fontenelle Similar to combined S & OW
Wickiup Tube valve OW
Trinity Hollow-jet Ow
Navajo Hollow-jet OW
Mason HHSG OW
Wanship HHSG OW
Tiber HHSG OW
Merritt HHSG OW
Causey HHSG OW

None of these basins were for singular spillway use. The category of
combined spillway and outlet works basins and hollow-jet valve basins
was susceptible to abrasion damage, as pointed out previously in
Arthur's and Jabara's paper. However, I believe one new bit of
information appeared, the number of high head slide gate outlet works
stilling basins that have been damaged. In bringing this to Tom
Rhone's attention, he mentioned that this was the Bureau's "meat and
potatoes" type basin. The Bureau has quite a few basins of this
type, and many of those listed in the "Exposed Rebars" column of
appendix IV are probably of this type. (When making the survey I did
not categorize the HHSG OW basins, but did afterwards, and only for
the repaired basins.) The HHSG OW basins can be considered somewhat



similar to the hoilow-jet valve stilling basin. GOoth have a concentrated
Jet of water entering a deep basin that may produce eadies witn
velocities sufficient to move large abrasive material. [ feel this
survey brings out the need for fturther hydraulic model research of

HHSG OW stilling pasins and close attention to tendencies tor damage

to pe caused by abrasive material.

At the beginning of the survey [ did not recognize a simple and
obvious generality about abrasion damage. It is the high water
velocity that can bang rocks the hardest against concrete and produce
the most abrasion. The high entrance velocity stilling basins experi-
enced the most severe damage, both in extent and short-time duration.
Also combined basins (spiliway with a slide entry outlet works)
brought out the velocity-abrasion relationship. Combined basins with
gated high-velocity flows could have more severe damage than pasins
where the velocity was slower and entered Dy a gravity flow channel.
Thus, a rock entrained in high-velocity tlow and "banging" against the
concrete can be worse than a rock in low-velocity flow rolling around
on the pottom of the concrete surface.

HYDRAULIC ACTIUN PULLING ABRASIVE DEBRIS
INTO THE STILLING BASINS

Une survey objective was to find flow situations where water orought
abrasive debris from downstream of the stilling pasin i1nto the basin.
The MP Region made field tests for the Trinity hollow-jet basin. They
completely cleaned the basin, placed painted rocks downstream from the
basin at different locations, operated the basin, ana found soie
painted rocks 1in the basin atterwards. Also, I pelieve your model
studies of the Navajo Dam basin confirmed the transport of material
and retention of material in hollow-jet basins.

Combined spillways and outlet works basins can also possess this
fault. The outlet works high-velocity jet can create a stronyg eddy
with a backflow component to sweep material into the pasin. Rye Patcn
Dam was a vivid example of this, and Canyon Ferry Dam.

The HHSG OW stilling basin is suspected of pulling debris into the
basin. I use the word suspected because the survey did not convince
me beyond a shadow of a doubt that this occurs. There were only a tew
instances in the literature 1 surveyed where hydraulic action was
pelieved responsinle tor drawing abrasive material into the basin.



1. Tiber Dam outlet works. - "The riprap in the outlet channel
appeared stable and in good condition. It could be possible that
some of the smaller rocks were washed into the basin during the
time of discharge which would be one source of the rocks in the
hole." (Hole was an eroded hole in and pelow the concrete floor
extending 1.2 m deep). Another quote "It was determined that the
cause of the damage was due to tumbling rocks that were thrown into
the pasin by visitors or drawn into the pasin from the riprap
stilling pool by water action.”

2. Stampede Dam outlet works. - In July 1971, the underwater

diving team removed 23 kg of miscellaneous metal construction

debris. Near the abrasion area the metal objects were shiny, with

no rust, indicating they had been tumbled recently. Further down-
stream the metal objects were rusty with rust stains underneath

on the floor, and had not peen tumbled recently. Near the downstream
end of the basin the divers carried some rock and wmetal pieces past
the basin and dumped them in the riprap below the basins. In the
divers report it was noted:

“that the 2-1/¢ inch deep erosion tound in the outlet works
basins following a single year of normal releases points up the
tremendously erosive potential of only a very small amount of
abrasive material. It also illustrates that despite all of the
precautionary correspondence that nas tlowed from Denver over
the years concerning the dangers of placing into operation new
stilling pasins that have not been adequately checked and
cleaned, it still happens. HWe also feel it points up the

value of underwater examinations."

The following year, July 1972, the divers again examined the basin and
found 7 kg of material, some rocks and some metal, and from their
report:

“We are not sure how the material got into the basins between the
two checks which were roughly one year apart. The outside training
walls are well tenced and the area is not open to the general
public. Fishermen and others can reach the area by toot but
vehicular traftic for the public is not permitted closer than about
3/8 of a mile trom the outlet works basins. There is a considerable
amount of metal debris in the rocks below the basins and we wonder
whether or not at certain fairly high discharges a nydraulic roller
action pulls the material back into the pasin. wWe think this
situation should pe checked again next year, and if more depris is
found in the basin it would be a pretty good indication material is
pbeing pulled pack into the pasins. In that event, all small
material likely to ove impelled by a reverse roller should pe
cleaned from the area."

iV



[ still feel it was possible for the metal objects to be thrown into
the stilling basin. People could pick this material from the riprap
and throw it in, unless these metal objects were below the water
surface and not obtainable. Also I did not recall any later diver
reports addressing this problem.

There was another flow situation I came across. In Hydraulic Model
Studies of Causey Dam Outlet Works - Weber Basin Project, Utah (Report
No. HYD 496), a test was made with the right gate 100 percent open and
the left gate closed. "Material was deposited on the downstream side
of the dentated end sill and inside the left half of the basin."
Wanship Dam Outlet Works operated under similar circumstances.

Besides breaking two panels of the center wall considerable abrasion
damage occurred. A large amount of debris was in the basin, some
which appeared to be construction debris (cables, pipe, and angle
iron). While it can be questioned whether hydraulic action or man
brought material into the basin, there is still the possibility it
entered by hydraulic action. Since that time efforts have been made
to make the operating procedures more forceful to prevent single bay
operation of that magnitude.

From my interpretation of the survey literature the preponderance of
information suggested that abrasive material entered the HHSG OW
basins by people, and not by hydraulic action. However, once in the
basin the material was constantly circulated, banged on the basin
floor, and would not flush out of the basin. I consider this to be

a hydraulic deficiency of the basin. Hydraulic model studies should
be made to investigate the "ball milling," flow conditions holding the
abrasive debris in the basin, and hydraulic action pulling debris into
these stilling basins.

PREVIOUS HYDRAULIC STUDIES

I looked at some previous Hydraulic Laboratory studies concerning
outlet works stilling basins. Only one report dealt with the abrasion
problems (Hyd-573, Hydraulic Model Studies of the Modified Outlet
Works Stilling Basin, Navajo Dam, Colorado River Storage Project, New
Mexico) and it was for a hollow-jet valve basin. However, my main
concern was for high head slide gate outlet works basins (HHSG OW);
therefore, 1 went back to Engineering Monograph No. 25. The HHSG OW
basin is a type II basin. In looking at a graph of type II basin data
(figure 1) I noticed that the existing basins were shorter than
verification tests of the design curve. For a standard in making the

11



verification tests the toe of the nydraulic jump was established at
the chute toe, figure 2a. However, for the existing basins some of
the chute length is used and possibly all of the hydraulic jump was
not contained entirely within the basin, figure 2b. Earlier in my
investigation I wondered if we had economized the length of the basin
at the expense of the abrasion problem and pulling debris into the

basin.

Next, 1 looked at the list of damaged HHSG OW basins that Ed Rossillon
gave me and then if we had model studied any of these structures. e
had, Tiber (Hyd-402), Causey (Hyd-496), and Ruedi (Hyd-534). Wkhile
scour tests were made hydraulic action of pulling debris into the
basin or the "ball milling" was not extensively studied and what was
studied was for limited discharge and tailwater conditions.

Another hydraulic study, somewhat more generalized was done, Hyd-544,
Progress Report VII - Research Study on Stilling Basins, Energy
Dissipators, and Associated Appurtenances - Section 13, Stilling
Basins for High Head Outlet Works with Slide-Gate Control (Preliminary
Studies). wWhile this was a preliminary study the results are somewhat
different than Engineering Monograph No. 25 (compare figure 3 to
figure 1). To me this suggests that there may be some question
concerning the design of HHSG OW stilling basins. Also, conclusion
No. 6 of the report gave me the impression more research needs to be
done for these basins: .

"6. Future work should include (in addition to the proposals

listed in the preceding paragraphs) determination of pressures on
the training walls for both basin types, determination of optimum
basin width, a study of the hydraulic characteristics of plunge
basins with other than rectangular shapes, and refinement of the
design curves for both basin types. Data presented in this report
are preliminary. Final designs based on the data should be verified
by hydraulic model studies of the particular installation being

designed.”

With the factors of the above paragraph, the fact that HHSG OW basins
are susceptible to abrasion damage, and considering the number of
these basins the Bureau has, I feel further model studies need to be

made.,
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FURTHER CONTACT WITH MR. ED ROSSILLON

After making the survey I met with Mr. Ed Rossillon for some questions
and discussion. He was aware of the hollow-jet valve basin abrasion
problems. I asked him if the Bureau has any future plans for using
these type valves and basins; because if they do, we should do some
model research studies. He did not foresee any use of the hollow-jet
valves and said the trend has been toward high head slide gate valves.
The slide gate valves are cheaper,

Next, I commented about the Tiber Dam outlet works and auxiliary
outlet works basins. The outlet works basin had a greater flare of
the chute sidewalls leading into the basin than most other basins.
This basin experienced abrasion damage and there was an eroded hole
near each side wall and near the end of the basin. I felt that flow
separation of the entering jet could produce strong eddies at location
of the eroded holes. If there were future basins with this much
divergence in the entry walls, then they should be model tested. He
said this was an old design where the valve jet was angled into the
chute floor to help spread the jet. Presently, their basins have less
diverging entry walls. I noticed that the newer Tiber Dam auxiliary
outlet works basin was longer than the older basin and asked if the
designers tended to make these basins longer than in the 1950 to 1960
era. He said yes they do.

Briefly, other points of our discussion were:
1. He was interested in a model testing a rock trap.

2. Some structural covering o