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OVERVIEW

This article discusses the origin of colonnade and entablature zones in

subaerial basalt flows. The evidence weighed in theorizing an origin

for these structures includes: (1) the macroscopic characteristics of

subaerial basalt flows - and particularly the nature of fracturing

(columnar jointing) in these flows; (2) the petrographic characteristics

of rock samples from intraflow structures in subaerial basalts; and (3)

the results obtained from mathematical modeling of the cooling of a

subaerial basalt flow. It is concluded that colonnade zones in

subaerial basalt flows form by slow conductive cooling, while

entablature zones form by relatively fast, "convective" cooling induced

by downward-ingressing meteoric water that enters the flow after its

base and top have solidified.
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REVIEW

Petrologic and Petrographic Characteristics of Colonnade

and Entablature Zones in Subaerial Basalts

In numerous localities worldwide, subaerial basalt flows are

characterized by laterally persistent, intraflow structures known as

"colonnade" and "entablature." (Hereinafter, these structures will be

referred to as "colonnade zones" and "entablature zones.") Colonnade

zones commonly occur in the lower and upper third of a subaerial basalt

flow, and consist of relatively well-formed -0.3-2 m basalt columns

which are typically oriented perpendicular to the base of the flow. The

lower (basal) colonnade zone commonly grades upward into an entablature

zone which occupies the interior one-third or upper one-half of the

flow. The entablature zone exhibits small (0.2- to 0.5-m-diameter),

irregular to hackly columns, which may form radiating patterns, or

otherwise deviate from an orientation perpendicular to the base of the

flow. Finally, in many subaerial basalt flows, entablature grades

upward into an upper colonnade zone, which in turn is overlain by a

vesicular flow top.

In most subaerial basalts there is a close relationship between

intraflow structures and petrographic textures. Samples of basalt from

colonnade zones typically exhibit intersertal to intergranular textures.

By contrast, samples from entablature zones are characterized by

subhyalophitic textures, dendritic opaque oxide minerals, and an

inclusion-charged glassy mesostasis.

Long and Wood stress that the petrographic characteristics of colonnade

and entablature basalt can be highly variable. For example, both the

quantities and the textures of mesostasis in entablature basalt can vary

significantly from one flow to the next. In particular, the quantities

and morphologies of opaque oxide grains in the mesostasis are highly
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variable from one flow to another. In some flows it is observed that

opaque oxide phases are virtually absent in the entablature, whereas in

other flows the textures of opaque grains differ only slightly across

the entablature-colonnade contact(s). Despite these variations,

however, two features of colonnade and entablature zones are consistent

from one flow to the next: (1) the quantities of mesostasis are always

markedly greater in entablature zones than in colonnade zones, and (2)

the quantities of inclusions (blebs) in entablature mesostasis are

always much greater than the quantities of inclusions in colonnade

mesostasis.

Internal Structures and Textures of Grande Ronde Basalt Flows

In attempting to explain the origin of colonnade and entablature zones

in subaerial basalts, Long and Wood focus attention on the basalt flows

of the Grande Ronde Basalt formation in the Columbia Plateau of

Washington state. The authors believe that this formation merits

special attention because an unusually high proportion (-60%) of Grande

Ronde flows exposed in the central part of the Columbia Plateau exhibit

well-defined entablature zones.

According to Long and Wood, Grande Ronde Basalt flows are typically

stratified from top to bottom as follows: (1) a ropy to brecciated,

vesicular flow top; (2) upper colonnade with relatively large, irregular

columns (0.7 to 2.2 m in diameter) - with or without vesicles; (3)

entablature, consisting of relatively small, hackly to regular columns

(0.2 to 0.9 m in diameter); (4) lower colonnade, consisting of well-

formed to wavy, large columns (0.5 to 1.5 m in diameter); and (5) a

glassy basal zone that varies greatly in thickness and may be highly

fractured, vesicular, or pillowed with hyaloclasite. However, the

authors also stress that, in a given flow, these structures may vary

greatly in thickness, be entirely absent, or occur repeatedly.
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Long (1978) has documented the relationships between the petrologic and

petrographic features of Grande Ronde Basalt flows. He classified the

flows into three general types: Type I, Type II, and Type III. Long

and Wood stress that these flow types should be regarded as hypothetical

end members, among which there can be continuous gradation of petrologic

and petrographic characteristics.

Tvpe I Flows

Type I flows are composed mainly of highly irregular colonnade basalt.

Type I flows are comparitively thin (10-30 m thick), they contain

irregular, tapering columns 1-2 m in diameter, they always lack a

distinct entablature, and they have a poorly developed vesicular flow

top. Also, Type I flows exhibit little variation in petrographic

texture throughout the main body of the flow. Specifically, with the

exception of the glassy basalt in the upper 5% of the flow (this basalt

is believed to be formed by rapid cooling of surficial and near-surface

lava shortly after eruption), Type I flows exhibit intersertal to

intergranular textures throughout their thicknesses. Moreover, the

quantities and textures of mesostasis glass, as well as the morphologies

of opaque grains, are similar in all parts of the flow beneath the flow

top.

Type II Flows

Type II flows exhibit repeated colonnade and entablature tiers. An

upper colonnade zone may or may not be present. Type II flows are

comparatively thick flows (45-76 m thick) and exhibit columnar tiers of

alternating entablature and colonnade-type columns in the lower half of

the flow, which grade upward into a hackly entablature. In the upper

one-third of some tiered flows, layers are defined by thin zones of

abundant vesicles. In the entablature zones, fanning of columns is

sometimes observed. Finally, Type II flows commonly possess a clinkery

flow top.
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Type II flows also exhibit petrographic characteristics that vary in

accordance with macroscopic intraflow structures. Samples of basalt

from the lower colonnade typically display intersertal to intergranular

textures that are finer grained but otherwise similar to basalt samples

from Type I flows. In contrast, basalt samples from entablature zones

typically exhibit subhyalophitic textures, dendritic opaque oxide

minerals, and an inclusion-charged glassy mesostasis. Another important

observation is that glassy mesostasis is much more abundant in

entablature zones than in colonnade zones. Colonnade zones typically

contain 15 to 25 volume % mesostasis, whereas entablature zones contain

from 35 to 65 volume % mesostasis.

Type III Flows

Type III flows are typically thick flows (30-80 m) that possess a

distinct lower colonnade zone and a single, well-defined entablature

zone. Therefore, unlike Type II flows, the colonnade and entablature

sequence is not repeated. A crude upper colonnade caps the entablature

of most Type III flows. Basal pillow basalt, while observed in all

types of Grande Ronde Basalt flows, is most common in Type III flows.

The columns in the colonnade zones frequently exhibit pinch-and-swell

structure. The entablature zone is typically a complex pattern of

small, radiating columns. The textures of colonnade and entablature

basalt samples from Type III flows are similar to those in Type II

flows.

In Type III flows, the boundary between colonnade and entablature is

marked by an abrupt change in fracture abundance and column size. This

single, sharp entablature-colonnade contact commonly occurs

approximately one-third of the way up from the base of the flow.

Samples -1 m apart on either side of this contact show the

characteristic textures of colonnade and entablature. In the few flows

where the entablature-colonnade contact is gradational, the textures of
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basalt samples are also gradational across the contact. Therefore, in

type III flows, petrographic textures consistently reflect macroscopic

features.

Origin of Colonnade and Entablature Zones

in Grande Ronde Basalt Flows

The petrographic characteristics of colonnade and entablature zones in

Grande Ronde Basalt flows - specifically, the quantities and textures of

the mesostasis in entablature zones, along with the quantities and

morphologies of opaque grains in these zones relative to colonnade zones

- suggest strongly that entablature zones formed during periods of

comparatively rapid cooling of a flow. Therefore, Long and Wood propose

that entablature zones form when comparatively slow rates of cooling

(which produce zones of colonnade basalt) are suddenly interrupted or

replaced - spatially or temporally - by rates of much faster cooling.

This hypothesis accounts for the greater quantities of mesostasis

observed in entablature samples. Long and Wood emphasize, however, that

rates of cooling during the formation of entablature zones were not so

rapid that crystallization was arrested completely. Instead, the

accelerated cooling typically gave rise to higher rates of crystal

nucleation that produced a higher density of both crystalline and glassy

inclusions (rounded blebs) in the mesostasis.

The dendritic morphologies of the opaque oxide grains in samples of

entablature basalt are also consistent with a significant degree of

undercooling that would result from rapid cooling. In some flows,

titaniferous magnetites are completely absent in entablature zones, and

this observation suggests that, in these flows, rates of cooling were

sufficiently rapid to completely suppress the nucleation and growth of

magnetite. These same samples of entablature basalt typically exhibit

mesostasis with the finest grain size. This observation, too, is

consistent with a high rate of cooling.
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Thus, for Type II and Type III basalt flows, it is evident that there

were significant differences in the rates of cooling across entablature-

colonnade contacts. Significantly, however, the thermal properties of

silicate rocks and mathematical models of conductive cooling indicate

that abrupt changes in rates of cooling of a basalt flow cannot occur if

cooling is attributable entirely to conductive heat loss (Jaeger, 1961;

Spry, 1962). In other words, the apparent "quenching" of the center of

a subaerial basalt flow cannot occur if the flow cools in an undisturbed

conductive manner.

Because undisturbed conductive cooling cannot explain "quenching" of the

interior of a subaerial basalt flow, Long and Wood suggest that a

special event must occur during the cooling history that induces more

rapid cooling. They suggest that the most likely means of rapid cooling

is for liquid water to invade the solidified top of the cooling lava

flow along propagating cooling joints. Water has a high heat capacity

and latent heat of vaporization and, therefore, combined with its low

viscosity, it provides a viable medium for removal of heat via

convective circulation. The ability of water to induce relatively high

cooling rates has been amply demonstrated in modern extrusive basalts

such as the Haemiey basalt flow (Bjornsson et al., 1982) and Kilauea Iki

Lava Lake (Hardee, 1980).

Cooling of Grande Ronde Basalt Flows via Water Ingress

Laterally extensive pillow structures that occur locally at the bases of

Grande Ronde Basalt flows (Long and Davidson, 1981) reflect the

lacustrine environment into which these lavas were erupted.

Paleoclimatic evidence indicates that the environment during the main

Grande Ronde eruptive phase (16.5-14.5 m.y. B.P.) was subtropical with a

relatively high rainfall (Newman, 1970; McKee et al., 1977). Under such

conditions, there would have been considerable runoff of meteoric water

and a potential for the development of both long- and short-lived lakes.

Accordingly, Long and Wood propose that, as thick Grande Ronde Basalt
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flows invaded stream valleys and lakes, they caused temporary damming

and disruption of local drainage systems. This eruptive phase was

followed by a period of subaerial cooling that established a quenched

flow top, a glassy basal zone, a basal colonnade zone and, in some

cases, an upper colonnade zone in each lava flow. However, in this

climatic and physiographic setting, it is also to be expected that,

within a brief period of time - perhaps a few months to a year - water

would overflow the tops of cooling flows. Influx of water into the

solidified tops of flows along columnar joints and cracks would have

increased the rates of cooling in the interiors of the flows.

Alternatively, widespread flooding might have occurred as subsequent

basalt flows rapidly displaced ponded water.

Mathematical Models for the Cooling of Grande Ronde Basalt Flows

To test the idea that flood waters affected the cooling histories of

many Grande Ronde Basalt flows, Long and Wood developed a simple one-

dimensional thermal model that mimics convective removal of heat by

water. Specifically, two simple hypothetical cases of basalt-flow

cooling and solidification were investigated mathematically to explore

the possibility that water ingress can explain the development of

entablature zones in Grande Ronde Basalt flows.

Case 1

In Case 1, water penetrates the solidified top of the flow and cools it

to ambient temperature down to a depth "x." The flow above depth "x"

remains fixed at ambient temperature (0C). Cooling below depth "x"

proceeds by pure conduction.

Case 2

In Case 2, water also penetrates the solidified top of the flow and

cools it to ambient temperature down to a depth "x." However, unlike
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Cos 1, as soon as the solidus is reached at a particular depth, the

uSp-wlt is instantaneously quenched to 00C. Therefore, as the lava below

* x cools through the solidus, the cold boundary - representing the

ctgkjhof water penetration - follows the solidus down through the flow,

f ing the zone of quenching through the flow interior.

for Case 1

Rtk&SQ= for Case 1 indicate that a fixed cold boundary within a

r.IetaLia1 basalt flow cannot quench more than a small fraction of the

1*SgM beneath it. Therefore, Case 1 is a poor model for subaerial

i digi flows with thick entablatures.

byfor Case 2

£ts AS of calculations for Case 2 indicate that a "front" of downward

I-f^.Y,2Wsing water immediately above the liquid/solid interface can

-- ,- e a thick entablature zone in the interior of a flow. Also, the

C- ;Wations indicate that the bottom part of a flow will continue to

c.; Hollowly through the solidus, thereby allowing the basal colonnade

r-^pco extend upward. Therefore, the contact between the lower

c :4Iade and the entablature represents the position in a flow where

: jeypper and lower solidification fronts meet and where the last magma

cjoallizes. The upper solidification front moves downward from the

;(. #j the flow at a faster rate than the lower solidification front

-:--wupward from the base of the flow and, therefore, the upper

r,10.-jofication front is responsible for cooling most of the flow. (The

r-- .42ively slow upward movement of the solid/liquid interface near the

N.0t-pm of the flow - compared to the downward movement of the

s-f.04/liquid interface near the top of the flow - may explain the

c.It Ovation that lower colonnades are generally better developed and

s' .Iit more perfect column shapes than do upper colonnades.) Upper

e e Awades are explained by the Case 2 model if it is assumed that slow

m- g prior to flooding continues long enough to crystallize a
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significant portion of the upper part of the flow.

Origin of Type I, II, and III Basalt Flows

in the Grande Ronde Basalt

Type I Flows

In view of the comparatively simple "typical" petrology and petrography

of Type I flows, and particularly the absence of a well-defined

entablature zone, Long and Wood conclude that these flows solidified by

slow conductive cooling. Type I flows are typically thinner than Type

II or Type III flows and, therefore, Type I flows were less likely to

pond and disrupt local drainage patterns. Consequently, Type I basalts

were less susceptible to "quenching" by flood waters.

In some Type I flows, the thickness of the lower colonnade zone varies

markedly, even to the extent of being almost completely absent locally.

Where the lower colonnade of Type I flows is thin, Long and Wood surmise

that conductive cooling must have been very rapid. Correspondingly,

where Type I flows exhibit a thick basal colonnade zone, it is logical

to conclude that conductive cooling was comparatively slow.

Tvye II and III flows

In the Case II mathematical model investigated by Long and Wood,

progressive downward movement of a quenched zone induced by water

ingress generates a thick, rapidly cooled entablature zone in the

interior of the flow. This model accurately predicts the principal

macroscopic features of Type III Grande Ronde Basalt flows. However, in

Type II flows, colonnade and entablature tiers are repeated from the

bottom to the top of the flow. In order to simulate conditions that

could produce this pattern of intraflow structures, Long and Wood

devised a model based on cyclic flooding. Significantly, this model

reproduces the cycle of fast and slow cooling that is required to give



the appropriate structural and textural variations in Type II flows.

Therefore, mathematical modeling indicates that Type II flows can be

formed by multiple flooding events with intervening dry periods.

Conclusions

Evidence and analysis presented by Long and Wood imply the following

conclusions regarding the origin of colonnade and entablature zones in

Grande Ronde Basalt flows.

1. Colonnade zones in Grande Ronde Basalt flows form by slow conductive

cooling, while entablature zones form by relatively fast,

"convective" cooling induced by downward-ingressing meteoric water

that enters the flow after its base and top have congealed.

2. The water content of primary basaltic lava, evolution of volcanic

gases, and kinematics of flow emplacement appear to be irrelevant to

to the development of colonnade and entablature zones in Grande

Ronde Basalt flows.
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EVALUATION

This article discusses the origin of colonnade and entablature zones in

subaerial basalt flows. The evidence weighed in theorizing an origin

for these structures includes: (1) the macroscopic characteristics of

subaerial basalt flows - and particularly the nature of fracturing

(columnar jointing) in these flows; (2) the petrographic characteristics

of rock samples from intraflow structures in subaerial basalts; and (3)

the results obtained from mathematical modeling of the cooling of a

subaerial basalt flow. It is concluded that colonnade zones in

subaerial basalt flows form by slow conductive cooling, while

entablature zones form by relatively fast, "convective" cooling induced

by downward-ingressing meteoric water that enters the flow after its

base and top have solidified.

The authors' explanation for the origin of colonnade and entablature

zones in Grande Ronde Basalt flows is fully consistent with the evidence

presented. However, it is also true that additional evidence could have

been marshalled to further elucidate the origin of these intraflow

structures. In particular, it would be very informative to obtain

whole-rock oxygen isotope data for samples of basalt taken from

colonnade and entablature zones. If the authors' explanation for the

origin of entablature zones is correct, then samples of basalt from the

layer of rock immediately above each entablature zone should offer

evidence of oxygen isotope exchange between basalt and meteoric water.

Further, it is distinctly possible that the Fe /Fe ratio of

mesostasis glass in the rocks immediately above entablature zones will

provide evidence of intimate contact with hot, oxidizing meteoric

waters.

Finally, in text presented near the end of this article, Long and Wood

imply that all of the secondary minerals now found in Grande Ronde

basalts formed after burial beneath superjacent rocks. However, no

evidence is provided to support this conclusion. Therefore, the reader
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is left wondering whether some of the secondary minerals observed in

entablature-bearing flows might have crystallized contemporaneously with

entablature basalt via rock-water interaction in the rocks immediately

above the part of the flow where entablature basalt was forming.
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Summary of RES/National Laboratories Meeting

Held on 9-10 April, 1987 in Rockville, Md.

1. Introductory Remarks

Mr. Beckjord opened the meeting. The meeting is intended to assist in the
research planning process by providing a mechanism for the national
laboratories to furnish input for future research needs. The current meeting
is to discuss research needs and priorities for FY 1989 and beyond. The
intent is to continue these types of gatherings, meeting briefly in the Fall
during the Water Reactor Safety Information Meeting to discuss management
issues and again in the Spring for a more extended duration of about two days.
Such meetings address one recommendation from the recent HAS report of
Revitalizing Safety Research, that of improving the research planning process.

A number of other activities are underway to respond to the KAS report. A
statement of research philosophy is being developed to be part of the Agency's
strategic plan. A draft research philosophy statement is currently being
circulated for comment. The statement considers the question of what
information is needed and how this information should be obtained through
research. A general guideline is that about 15% of the research budget should
be reserved for long term research not directly associated with particular
current issues.

The HUREG-1150 report highlights again the uncertainties associated with
containment performance in the event of vessel melt-through. The forthcoming
BNL study on uncertainties in severe accident phenomena is expected to support
the same conclusions. Given the consequences of breach of containment in a
severe accident, priority should be given to measures to maintain adequate
core cooling and to prevent full core melt. Emphasis should, therefore, be
given to component, systems, and human reliability to prevent accidents, and
to development of procedures for accident management to terminate accident
sequences and recover the plant prior to vessel melt-through or containment
breach. It would appear that accident management to limit core damage,
restore core cooling, and recover the plant has the potential to yield
significant, near term, cost-effective improvements to safety.

Mr. Malinauskas reviewed the process by which the laboratories prepared their
presentations. Nine decision units were defined. Each of the nine
laboratories assumed responsibility for a decision unit. Each laboratory
consulted with other laboratories in attempting to represent the views of the
different laboratories for a given decision unit. This was done using
telephone and mail rather than face-to-face meetings. The presentations
should, therefore, be representative of all the laboratories but may not
necessarily represent a complete consensus. Priorities may not be completely
formulated or agreed upon.

1



[Rather than repeating the information found in the handouts, the following
summarizes some of the main points of discussion.]

2. Aging

Mr. Freshley presented the Aging decision unit. The plans for aging research
were concluded to be sound, properly focused, and integrated. The program is
being coordinated with industry and DOE. Foreign cooperation is being carried
out and may be expanded. The future research trend may be away from metal
components as this work is completed, and towards, for example, electrical
systems. While much work is underway, more would be desirable if funding were
available.

Life extension can be considered as part of the aging issue. A point to be
considered is how the Commission and industry will approach life extension,
i.e. whether the licensee will be renewed for 10 years, 20 years, or
indefinitely. Industry is approaching the aging question on the basis that
replaceable components should be treated as part of plant maintenance. Given
that the NRC already has a set of criteria that a plant must meet, a case
could be made that a plant may continue to operate for as long as it meets the
criteria. The research program on aging should consider whether current
criteria are sufficient and complete. Reliability trends and inspection and
test requirements need to be evaluated.

3. Thermal-Hydraulics

Mr. Charlton summarized this decision unit. The subject of technical
integration of thermal hydraulic research results is receiving increased
attention. A trial B&W study is underway that considers human factors,
reliability analysis, and thermal-hydraulic code modeling. Future
experimental programs will focus on B&W experiments. There is also a need for
large scale experiments for determination of flow regime and constitutive
relations. The flow regime map is currently based on fully developed flow in
small pipes and the codes may need to be revised to account for scale effects.
The Japanese TPTF results are currently being evaluated in this regard. The
need for a new integral facility should be weighted against the alternative of
separate effects experiments. A question that is not resolved is how good do
the codes need to be for use in the regulatory process.

The codes could also be applied to provide improved fidelity for plant
simulators. Such application would warrant its own consideration of required
accuracy. Whether advanced LWR designs will require thermal-hydraulic safety
research will need to be evaluated.

University work in the area of thermal-hydraulics is strongly issue oriented.
This is rin Juxtaposition to what the universities would like to perform, which
is basic, phenomenological research.

4. Severe Accidents

Mr. Walker provided Information on this decision unit. A survey of the
laboratories indicated that the principal products of severe accident research
should be associated with accident management and improved hardware and

2



procedures. The next level of importance was ascribed to emergency planning
and models and data for PRA applications.

The laboratories were also surveyed for their views on the state of
understanding and modeling of various severe accident phenomena. For the most
part, there was general agreement among the laboratories, however, for some of
the issues the opposite was the case. An example of the latter was high
pressure melt ejection. In relatively few instances (about 15%) was the state
of knowledge and modeling generally agreed to be good. In contrast, for about
1/4 of the phenomena the understanding was judged to be poor. Research is
underway to address some but not all of the phenomena for which understanding
is deficient. The general conclusion is that the technical basis for
understanding severe accident phenomena is currently inadequate and that
significantly more work is needed. More emphasis is also required relative to
BWR phenomena.

5. Risk and Reliability

Mr. Hall reviewed this decision unit. The highest research priorities were
identified with: common cause failure due to human error and extreme external
events; equipment failure rate information including aging effects;
applications of PRA to regulatory decision-making, inspection, and plant
operations; and assessing plant safety relative to a safety goal. Human
factors was felt to be the dominant influence on plant safety.

6. Seismic

Mr. Anderson presented his survey of this decision unit, which is directed at
assessing seismic hazard, seismic risk, and seismic margins. The survey
performed included national laboratory programs only and did not include other
domestic and international cooperative activities. Therefore, it included
about 1/2 of the total NRC program. A number of areas were noted for
continued seismic research.

7. Waste Management

Mr. Jacobs discussed the laboratory survey of this decision unit. Mill
tailings were not included since the subject was considered resolved for the
purpose of research. The research being carried out is associated with high
and low level waste disposal. It includes materials behavior of waste
packaging, hydrology, geochemistry, and modeling. In the low level waste
area, most of the work is being performed at national laboratories whereas the
opposite is true for high level waste, where most of the work is at
universities. It is generally agreed that the work should concentrate on
general model development-and validation rather that site-specific
characterization. The current work appears to have the appropriate balance
with the most critical issues being addressed. There was concern that the
level of effort was below what is required. In this regard, any postponement
of the high level waste repository was viewed as providing more opportunity to
perform the needed research rather than allowing research to be deferred.
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Improved interchange with NMSS and DOE should be sought to ensure that the
research continues to have the proper focus. This is particularly true in
view of the uncertainty in timing and the size of the DOE high level waste
program, which is two orders of magnitude greater than the NRC research
effort. More emphasis should be given to integration and synthesis of
research results. The need to explore alternatives to shallow land burial for
low level waste continues to exist since the States are pressing for such
alternatives.

8. Human Factors

Mr. Ehret summarized this decision unit. The various laboratories were
surveyed for their views. In a number of instances, it was difficult to
separate out specific views on human factors since some people couple the
subject inextricably with probabilistic risk assessment research. A lot of
human factors research has been performed by other agencies. The NRC does not
necessarily need to perform a large amount of human factors research as much
as it needs to take account of what already exists from other sources.

A structured human factors research program should be circulated and agreed
upon. It should specify the research objectives in terms of utilization of
the information in the regulatory process. An example of poor human factors
procedures currently in use by the industry is the use of extended working
hours and shift rotation among over half the operating plants, the effect of
which on human performance are well known. Fitness for duty is another
important area the NRC should consider. The conclusion from the HAS report
regarding human factors was cited, wherein it states that the NRC should
establish a regulatory climate that encourages technological advances in the
area of human factors rather that one that is merely neutral.

9. Equipment Qualification

Mr. Saffell provided information on this decision unit which includes
environmental and dynamic qualification of electrical and mechanical
equipment. Fire protection was also included. Fires occur in plants at a not
uncommon rate. PRAs have indicated that fires may be a significant
contributor to core melt. Installed fire protection systems can also have
adverse systems interaction in terms of shorting electrical equipment and
control room habitability. Commission and NRR support for equipment
qualification research has been intermittent in recent years. A number
of information needs were identified. More technical integration of past
work and planning is needed in formulating a future research effort.

10. Health Effects

Mr. Straume discussed this decision unit. A number of issues could be
considered as candidates for research. The NRC research effort should be
properly coordinated and integrated with other programs being performed by
other agencies.

11. Peer Review and Publications

Mr. Malinauskas summarized issues regarding peer review and publication of
research results. The distinction between peer review and quality assurance
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was noted. It was commonly agreed that publication of research results in
refereed scientific journals should receive greatly increased attention.

NUREGs were decried as often being too thick and prone to containing
extraneous information such as boilerplate, facility descriptions, and data
listings. Being voluminous makes them difficult or impossible to peer review
prior to publication. Since they also come out in large numbers, it is
impossible for most people to read them. The suggestion was made that the
reports should contain a much higher information density. Other reports such
as facility description documents should be referenced rather than repeating
information found elsewhere. The alternative view was also expressed, that
is, past experience has driven NUREGs to be all things to all people.

Data listings in reports were viewed as being particularly useless since such
information should be transmitted via data tape. If not documented, the data
should, however, be archived in a data bank.

12. Utilization of University Expertise

Mr. Malinauskas described proposals for utilizing university expertise. The
laboratories commonly agreed on the value of utilizing universities.
Universities are primarily interested in projects through which graduate
students can be supported. This calls for a certain amount of long term
stability and long term rather than short term expectations of results.
Experience has generally shown that universities can deliver useful products
according to a set schedule.

Grants are limited to 1% of the RES budget. Other university work can be
funded as part of a national laboratory program or directly by RES through a
sole source or competitive bid. It was suggested that an RES staff member be
assigned responsibility for tracking the level of university utilization. It
was noted that NRC does not have the responsibility or resources to assure
that the nation's nuclear engineering university programs receive a level of
support sufficient to assure an adequate supply of nuclear engineers. This
properly falls within the responsibility of DOE and NAS.

13. General Observations Provided During the Meeting

The laboratories generally commented on the value of the exercise that went
into preparing presentations for the meeting. Cooperation among the labs was
good, and the consultation process should be continued. For several of the
decision units, the feeling was that the level of technical integration and
syntheses of results needed improvement. The responsibility to assure
technical integration lies with the RES staff, but the laboratories could
provide assistance as required. In some cases, adequate technical integration
might exist, but this was not obvious to the laboratories. This points to a
need to bring together different laboratories working on different aspects of
a decision unit to exchange information and to clarify how the different
elements of research are contributing to ultimate resolution of given issues.
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