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ABSTRACT

The |l ate Donald Katz starts the interview by briefly
referring to his current projects but then describes his famly
background and his geneal ogical interests, stimulated by his 1952
trip to his father's birthplace in a German village. Katz went
to a small country school in rural Mchigan but was encouraged by
a church mnister to attend high school in a nearby towmn. After
wor king in a machine shop, Katz entered the University of
M chigan at Ann Arbor and majored in chem cal engineering. He
put hinself through college by hard effort; cleaning offices,
restaurant work and sone summers back in nmachine shops. As he
continued into graduate studies , Donald Katz acted as George
Brown' s assistant, hel pi ng other graduate students, junior
faculty and with patent cases. He recalls courses, coworkers and

faculty at Ann Arbor and gives three anecdotes illustrating the

i nfl uence of surface chem stry, as taught by Floyd Bartell, at

| ater stages of Katz's career. When Katz started his research
career at Phillips Petrol eum he was assigned to reservoir studies

and he summari zes sone of his activities during this period. An
i nvitation by Brown brought Katz back to the University of

M chigan and he details his early researches and consul ti ng work.
The war years altered sone of his teaching and research
responsibilities and led him for instance, into heat transfer

i nvestigations. On Brown's pronotion to Dean, Katz took over as
departmental chairman for several years. During this part of the
interview Donal d Katz describes his involvenent in the

i ntroduction of conputer education into the chem cal engineering
curriculum both at Ann Arbor and nationally. O her

recoll ections follow, safety and the hazards of bul k chem cal s;
pi peli nes; the underground storage of gas and air; the origins of
t he Handbook of Natural Gas Engineering. Katz concludes his
interview with some thoughts on the changes in the academ c

chem cal engineering profession over his |ong career.

I NTERVI EVER

Janmes J. Bohning holds the B.S., MS., and Ph.D. degrees in
chem stry, and has been a nenber of the chem stry faculty at
Wl kes College since 1959. He was chair of the Chem stry
Departnent for sixteen years, and was appointed chair of the
Departnent of Earth and Environnental Sciences in 1988. He has
been associated with the devel opnment and managenent of the oral
hi story program at the Beckman Center since 1985, and was el ected
Chair of the Division of the H story of Chem stry of the American
Chem cal Society for 1987
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| NTERVI EVEEE: Donald L. Katz

| NTERVI EVER: Janmes J. Bohning
LOCATI ON: Hol I and, M chi gan
DATE: 22 August 1986

BOHNI NG Perhaps we should start by you telling ne what project
you are working on at the nonent.

KATZ: Right now a book that | have been working on for five or
six years. At ny age |'m having trouble problem solving; sonme of
the solutions are in the mathematical area and |I'm not very good
as ny math background was relatively poor. | didn't have any
decent courses as a student, and | took ny last formal course on
graphi cal nethods in 1930. A couple of people were going to help
me but they backed out, so finally I found a young man who has
his Ph.D. in chem cal engineering in the field of reservoirs.
Robert L. Lee is Anerican-Chinese, and he wanted to study with
ne. Lee got to know ne, knew of ny books and ny papers, of
course. He said he'd like to work with ne for a year; | talked
to hi mabout the book and he agreed to do it. He's doing it on
the conputer, he types it all out, including the figures and
since the first of August he's got three chapters alnost in their
final form W have great hopes of finishing it this winter and
using it in a short course | give for industrial people in June.

| give one every June nostly by nyself but with alittle help
from ot hers.

["1l be eighty next summer, so when that course is done |I'm
going to turn ny attention to historical matters. |'mworking on
a paper with an Iranian boy at Stanford who is conming to see ne
the second week of Septenmber. | still work with a few of the gas
storage conpanies; | will review reports fromthree other
conpanies this fall.

BOHNI NG When you turn your attention to itens of historical
i nterest what areas would you be | ooking at?

KATZ: 1'mlooking at the area of reservoir engineering and how
this know edge was put together during nmy career. |f a doctorate
student were available I'd work with themas |I'mworking with
Lee. Feed themthe material, discuss it with them and let them
wite it up. That's what 1'd really like to do. When | read
ny Red Book [The Settling of Waterloo, Mchigan] (1), | think
"Ch, ny gosh, did |l wite that?"

BOHNI NG Yes, | know you've witten a | ot about your famly

1



hi story. You were born 1 August 1907 in Jackson County,
M chi gan. Were in Jackson County?

KATZ: |In Waterl oo Township, on a farmthat ny grandfather John
Schnackenberg bought in 1859. M nother was his youngest chil d;
eventual ly, after she had married ny father and they had three
children, they canme back to live there, and finally bought the
farm | was born in the sanme house as ny nother, a brick house
built in 1861.

BOHNI NG What about your father?

KATZ: M father was born in Germany, in the little village of
Hochdorf, near Nagold. Hochdorf is a village of 1,000.

Hochdorf, which neans high village, is about six mles from
Nagol d and about 15 from Stuttgart. My grandparents had seven
or eight children and they came over as a famly. M father was
then the youngest and they had one nore child, a little boy,

Uncl e Jacob who was born in this country. They canme to
Manchester, M chigan. Manchester is a village fifteen mles from
Ann Ar bor.

| would like to talk about ny trip when I found ny father's
birthplace. 1In 1952 we planned a trip to Europe with nmy famly,
ny son Marvin was then sixteen and ny daughter Linda fourteen.
We had planned this trip a couple of years in advance and took
the liner United States on its maiden voyage when it beat the
world record on 3 July 1952. W had our own car with us, a
littl e Studebaker Chanpion. W spent two weeks in England and
the rest of the fifty-two days on the Continent.

My father died when | was eight, in 1916. Wen | was young
| asked ny aunts and uncl es where they originated. They spoke
broken English, indeed, ny father's nother did not speak it at
all. They could renmenber Hochdorf and that it was near Nagol d.
So we had planned to go to Nagold when we were in Europe. W had
been to Engl and, Holl and and Bel gi um and were in Gernmany, com ng
down from Hei del berg where we had stayed the night. Wen we
neared Stuttgart we couldn't find Hochdorf, even on a good nap.
Finally we asked sonebody at a filling station and they showed us
where the village was. Then we went on to Nagold to stay the
night. The names on the stores were just like those in Ann
Arbor; Waltz, Snyder, and so on. W stayed the night there, in a
hotel dating from 1650 or sonething. The next norning we went to
the village and on the way we saw girls bindi ng wheat, we saw
themcradling [to cut with a cradle scythe; ed.] wheat, we saw
them | oading oats. This was in early August 1952. W found the
village Rathaus [City Hall] and told themny father's nane and
they pulled out a file showing ny famly record, which said 'acht
Novenmber nach Anmerica ausgewandert'. They em grated to Anmerica
I n Novenber 1883.



They cane as a famly. The brothers and sisters of ny
grandparents had cone earlier when they were single and aged 18
or 20. M grandnother was also a Katz |ike nmy grandfat her,
al t hough they were not related for ten generations back, as the
record showed. A third of the village of 1,000 people had our
nane. An aunt and uncle, ny grandnother's brother and sister,
came to Ann Arbor in 1854. Another aunt came to Manchester
around 1863 or 1865 and one cane to Saline. M grandfather's
brother cane to Union Gty in southern M chigan, near Marshall.
| learned all of this fromny aunts and uncles when | questioned
them when | got hone. Quite the nicest day of ny famly life was
at our house in Ann Arbor in the large living room where | can
seat fifteen or twenty guests and we had col ored novi es and
slides of this village. The village that ny aunts and uncl es had
| eft sixty-nine years earlier, and which they had never heard
fromsince. | showed themthe old house, no |onger occupied,
whi ch the people in Hochdorf pointed out to us. "Oh," ny aunt
says, "that rack on the second floor. That's where | used to dry
ny dishes in the summertine".

It was astounding that in this village there was the original
built-in heating system cows on the first floor and people on
the second. W |earned the church had been built sonetime in the
1400s. We've been there six or seven tinmes now and we' ve | earned
that they all became Lutheran churches within weeks after the
Reformation started. At the Rathaus | got copiesof the birth
certificates of ny grandparents on one side and the grandparents
on the other and their famlies. So | had three sets of sheets
fromthere. At the Lutheran Church, where they also had records,
they wanted nme to be sure that | understood so they had an
interpreter there, a returned mssionary from South Africa who
knew English. W know very little German; ny son had taken
German in college, and he had quite a tinme trying to use it.
Anyway, the mnister was very concerned to show us a shel f of
books, he said, "The mayor's office copied ny books in 1890, but
mne go to 1630. The earlier records were burnt in the Thirty
Years War and that's why there are none before 1630."

The vill age people were very poor in 1952 which was not | ong
after the war. We had taken four col |l apsi ble cases full of clothes
with us on the ship and we gave themthese clothes. W knew that
Europe was going to be poor. They were el ated of course. When
we came home we sent the minister a check and asked himto take a
littletime and go through his books to copy our famly's entries.
Next April we got two packages that thick; a nunbering system your
nunber is one, your father is two, your nother is three, your
grandparents are four and five, six and seven. The nunbering
systemgot upto 1,012. W had 103 famlies out of 128. Not only
nanmes but al so the fam |y sheet for them show ng brothers, sisters,
birth dates, death dates, who they married, who their children
were; it was a fabulous thing. These records were the church
records; they started with marriages, deaths and births, then
eventual ly had these famly sheets. The famly sheet | have in
ny book on the settling of Waterloo (1) is an adaptati on of what
they had on two sheets, but including a place for addresses, and
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a place for a little biographical sketch of the person.
O herwi se they're the sane as they had in Gernmany.

After 1'd got these records | showed ny aunts and uncles and
cousins the pictures of the village they'd left; the wonen
prodding the cows to bring the field grain in on a wagon. | had
four aunts still living then, aged from65 to 80. They coul d
see that if it hadn't been for their nother, they could have been
the ones prodding those cows. | couldn't help but decide that
some day | nust put it all together in a book. That was in 1952.
At the sane time | finished ny Handbook on Natural Gas
Engi neering in 1957 (2), | conpleted it (3). | printed about 300
copies, and mailed a copy off to every person who was in the
book. W were going to Europe in May of 1957 and | got theminto
the mail before |eaving. Since then of course, | have had nore
copies distributed and I'mnearly out of that book, The Katz
Fam |y from Hochdorf (3).

BOHNI NG What brought themto M chigan?

KATZ: (Qoviously sonebody cane in the great settling of M chigan.
Bet ween 1850 and 1860 was a period of extensive |and purchase.

My nother's famly came because they had brothers and sisters
already in Mchigan, but they were the only ones that canme as a
famly, and they had waited until their parents had died. M
father becane a farmhelper, a hired man, and that's where he net
ny nother, the youngest daughter who was staying at hone.

BOHNI NG  How many brothers and sisters do you have?

KATZ: | had two brothers, they're both gone. | have a sister
still living, she's eighty-five now, just had a birthday.

BOHNI NG You were the youngest?

KATZ: | was the youngest, we children were two years apart.
When ny father died, | was eight, | had brothers of ten and
twel ve years old, and a fourteen year old sister. W lived on
the farm

BOHNING Did you continue to run the farmafter your dad di ed?

KATZ: Well, we weren't really old enough to run a farm but we
had a hired man who four years | ater becane ny stepfather.
Her man Rot hman was a nei ghbor who cane and worked sumers. In

the winter we did the chores ourselves, and he went to work in a



factory. He married ny nother in 1920.

As a boy | got a good schooling in work. The three boys had
the chores to do. M job was to get the wood in for the house,
ki ndl i ng and firewood and the chunk wood for the big stove in the
living room | |ooked after the chickens and I mlked three
cows, and at one tine | cleaned the stable; I'mnot sure if that
was all the time, but | had jobs like that. M brother | ooked
after the horses and the pigs, and hel ped mlk; my other brother
| ooked after the sheep and fed the cows, so we really got used to
wor ki ng as chil dren.

BOHNI NG  You attended a country school ?

KATZ: Yes, a country school; we wal ked cross country along an
old railroad to get there. The school had been | arger when ny
not her went there. Wien | started, there were as many as 15 or
maybe 18, first to eighth graders. The rules were that you had
to go until sixteen, at |least four nonths a year, even if you did
pass the eighth grade. But the nunbers dw ndl ed, they got down
to ten or twelve, and it turned out that no one was in the sane

grade with ne on a regular basis. | was put in class with one or
two regul ar students, a class ahead or behind so | did nuch
reciting alone. W had a nice little library there, | guess |

read all the books.

BOHNI NG  What ki nd of books?

KATZ: Gimis fairy tales, books like Heidi in Swtzerland.
They got their noney for their library fromthe unspent dog tax.
The dog tax was presumably to reconpense for |ivestock danmage,
especially sheep that dogs had killed, and the noney that wasn't
used in the township was distributed to the schools. That's
where we got our noney, and it was a nice little library, with
about one hundred and fifty books or so.

BOHNI NG Do you renenber any of the teachers you had?

KATZ: Yes, Manni e Archenbraun, who was the only man teacher
ever had. WMae Frinkel, who had only had ninth grade education

herself, only one year of high school. Lillian Schm dt, she had
graduated from high school. | believe Mannie Archenbraun had
been to coll ege a year or sonething like that. | renmenber Lulu

Smith when | was in maybe fifth or sixth grade. Recently,
happened to go to the weddi ng of one of ny graduate students,
Donal d Robi nson, a boy fromBritish Colunbia, who went to our
church, the Methodi st Church in Ann Arbor. His bride, Barbara
Smith, is the niece of nmy country school teacher, Lulu Smth. By
t he way, Robinson received the Donald L. Katz Award fromthe Gas



Processors Association this last April. W've seen himover the
years; he has been teaching at University of Al berta in Ednonton
He was head of chem cal engineering there but he's now running a
consultant group, D. D. Robinson Associates. Wen | was witing

the Waterl oo book, | went to see Lulu Smith in a retirenent hone.
She had a picture of the class, one that |I didn't have, so it's
in the book there. It was very interesting to visit and neet her
agai n.

BOHNI NG As you were going through school, let's say before you
got to high school, had you given any thought about what you were
going to do later on?

KATZ: In those days we were relatively poor country people. W
were poor for noney; it wasn't that we were hungry or didn't have
clothes to wear, we were not poor in that sense. For exanple, ny
brother and | were playing baseball, and our friends said they
were going to get a new bat and that we had to chip in a dine
apiece. W didn't have a dine to chip in so we had to sit out
the spring season once; because we didn't have a dine, they

wouldn't let us play. It was that kind of background. O course
we carried our |lunches to school, we could put a potato under the
stove in the winter and have a baked potato. | enjoyed school; |

conpl eted the eighth grade, passed the eighth grade county exans
in 1920 when I was twelve. The sixteen year old rule applied.

However, | went two nore years for about four nonths in the
winter. | was very interested in reading and I |iked school very
much. | was planning to go one nore year and | eave when | was

fifteen. The mnister at our little Methodi st Church, Ralph
Harper, was a student at University of Mchigan. One Sunday in
the sumertime he brought another student with himand they said
they wanted to talk to ne and nmy nother. They got us aside after
church on a Sunday afternoon and said, "How can we nake it so
that this young man can go to high school?" W tal ked about it.
One of ny father's sisters lived on a farmtwo mles from G ass
Lake, and so we finally decided | could go to high school at
Grass Lake. The school district paid the $60 tuition a year at
that tinme, so it didn't cost nme anything, only for ny books. M
aunt kept me for a couple of dollars a week. | had to walk two
m | es each way on a gravel road, but sonetines | rode with the

m | kman. They had a strict four year curriculum no choices, but
good teachers. M folks had given up farm ng by then, because it
was a very poor life, and ny stepfather had been ill, that would
have been in 1922. He decided to work in the shop in Jackson so
they got jobs in Jackson. They had a friend who |ived al one and
they decided to go and live with her. When they noved to
Jackson at Thanksgiving, | changed to Jackson Juni or Hi gh School
where the subjects were easier. By that tine Latin and History
and Al gebra were very easy for ne because |I'd been working hard
in Grass Lake, but English was never ny good subject.

BOHNING Did you have any science related courses in either



Grass Lake or Jackson?

KATZ: Yes, | had a course in science at Jackson one senester

and it was of great interest to ne. | renmenber when we cane to
astronony and was told that it takes forty years for light to get
here froma star and | said, "You nmean if it disappeared thirty
ni ne years ago, we wouldn't know it yet?" As an eleventh grader

| was very nmuch interested in chemstry. | enjoyed chem stry
with M. Newark, who | ater becane a teacher in chemstry at the
Junior Col |l ege, or Jackson Community College as they call it now

As a matter of fact, the American Chem cal Society had a contest
on Agricultural Chemstry at that tine and | wote a report, not
a very good one, for that. |[If you won you got four years at
Yale, and that's what got ne interested in chem cal engineering.
| didn't really know the difference between chem stry and

chem cal engineering. | took a year in physics and | had no
trouble getting good grades in all ny courses, except English.

BOHNI NG  The chem stry course, was that in Jackson or was that
at G ass Lake?

KATZ: Jackson; you see | only stayed at Grass Lake for three

nmonths. | was living at hone for two years and | rooned in
Jackson for one year. | did nost of ny school work at six thirty
in the norning. | had to walk a couple of mles to school but

when | got there I could study for another hour or so. W had
study hall in those days, but Jackson H gh School had no Gym at
that tinme. | had good grades and | ended up by being the
salutatorian of one hundred and seventy five in the class.

BOHNING Did you becone close with any of the teachers there?

KATZ: Yes, M. Johnson, the history teacher. | |ove history,
ancient history. He brought me the books that had been sent to
himto review for use next year and he'd give themto ne to read.
| had a good math teacher, | went through trigononmetry which I

t hought was just a bunch of rules. | learned themand |ots of

al gebra, and took an advanced course in algebra in ny senior
year. | had no problemw th math at high school.

[ END OF TAPE, SIDE 1]

| graduated school in 1926 and we'll have our sixtieth
reunion this Septenber. There were two of us still working at
the fiftieth reunion ten years ago; |I'mstill working but I

I magi ne the other man isn't. But the nen are nostly gone, all ny
boyhood friends from high school were gone at the fiftieth, the
ones | really knewwell. | did not know these people socially in
t he usual sense because | did not live at hone in Jackson.



When | got through high school | |ooked for a job, | thought
maybe I'd be an apprentice. | went to the Chamber of Commerce to
see the Secretary, he said, "Wiy don't you be a tool maker?" So
| went to the shop and was interviewed, but they had no opening
for a tool maker. There was a school for auto nechanics in
Detroit but it cost quite a bit of noney, which I didn't have.

| had worked in a shop in the summer between ny el eventh and
twel fth grades. The Mrrison Stanping Conpany was a division of
t he Hayes Weel Conmpany and had a | arge nachi ne shop where we
made di sk wheel s, brake drunms, and things of this kind. | worked
there in the sunmer of 1925, then | got a job there when | was
t hrough hi gh school, starting probably by the first of July 1926
when | graduated. Now I was al nost nineteen when | finished high
school. | started work there but I got laid off during the year.
But | had the opportunity to run these big nachines, to feed
plates. | ran a blanker to nmake brake drum bl anks and | ran a
press to make the druns, | ran disk wheel trimers, and | ran the
former. Anyway, | got to run these big nmachines. It turned out
to be a very noisy shop and | attribute ny |oss of hearing that
started when | was fifty-five to that. Part of it is hereditary,
| know, because ny son who's now nearing fifty is feeling the
need to get a hearing aid, so I'mnot really sure.

So | worked there but | got laid off sometinmes. Wy
st epfather worked there too, and ny brother had worked there
until he went to the railroad as a engineer. Wen | was out of
work, | would help ny stepfather shingle the barn or put on a
roof or sonething. | did sonme graveling on the roads.

Just before school started | went to see M. Bliss, the
princi pal of the high school, about going to Mchigan State. Now
| had never visited Ann Arbor, twenty-eight mles away but 1'd

never visited it. 1'd been through it twice on a street car, but
you see that's Washtenaw county, and we had | ooked at Jackson as
our county. | went to see M. Bliss, an elderly nan with a

Master's Degree fromthe University of Mchigan, and | asked for
a recommendation to Mchigan State. He talked with ne a little
and said, "Why M chigan State, why can't you go to the University?

It's closer,” and | said, "Well, I just don't know anythi ng about
it." He said, "I don't either but I"'mwilling to bet ny | ast
dollar that it's nmuch better at Ann Arbor than it is at M chigan
State.” O course he was so right; it turned out that we were

the second or third school in Chem cal Engineering in the United
States, pushing MT. Three schools had 90% of the doctorates and
Ann Arbor was one of them

When | went there | had seven hundred dollars, six hundred
in the bank, and a hundred | had | oaned ny brot her when he bought
his house. A cousin, ny father's oldest sister's son, who was a
school teacher had been in Ann Arbor for his Master's Degree in
Education, and he'd been working in a restaurant at noontine, and
he'd al so worked cleaning at a civil engineer's office. | asked
himto get alittle job for me if he could. He did, so | went to
work in a restaurant on the first day I went to school there. |
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worked from11:30 a.m to 1:30 p.m; | got a dollar a day and ny
lunch. | went to the civil engineer's office and | had to wait a
week before | got the job, which paid fifty cents an hour, for
four hours once or twice a week. So | made eight to ten dollars
wor ki ng noons and two afternoons a week. The first year at Ann
Arbor cost ne three hundred out of ny savings; | had a roomthat

| paid about four dollars for, I had lunch at work, so then | had
to buy dinner, books and pay ny tuition.

The next summrer, 1928, | worked at the Chel sea screw pl ant.
My fol ks had Iived in Chel sea, a village about ten or eleven mles
fromour farm ny stepfather was working at the screw plant. M
brot her was working the farm he had married in the neantine and
was living in a home in Chelsea, and |'d go there weekends from
Ann Arbor. W worked sixty-five hours a week, five nights of

thirteen hours. | ran three automatic screw nachi nes and al t hough
t he machi nes were noisy, they'd nmake you feel sleepy. It was a
ni ce experience, it was warm we had our neals that we took with
us; ny stepfather ran a screw machine too, and I |learned to grind
drills, grind taps and things of this kind and to run screw

machi nes. | saved three hundred so | was back to six hundred
dollars, and I went into ny sophonore year and | decided to go
sumrers thereafter. | went sumers in 1929 and 1930, and | guess
it was in the latter that | took physical chem stry. | took

physi cal chem stry | aboratory from Professor Lee Case and was the
only student taking the course. He personally described each
experinment to me on the board, and then | |iked physical chenmistry
very much. | had taken ny general chem stry with Professor Hodges;
| had Professor Roy McAl pine for ny qualitative analysis and

Prof essor Mal ouch for ny one senester quantitative. | got ajob ny
junior year in chemstry as Professor MAl pine's assistant, in
the laboratory for qualitative analysis

| had sonme nice little experiences. One Saturday afternoon
inalittle roomon the fourth floor, | was making up the dry
sanples for qualitative analysis. As | was sitting there making
the records in ny book, | heard a noise froma box up on the shelf.
"Chny, what did | put in there?" | looked it up; it was ammoni um
nitrate and zinc dust. | went to the lab the next week and took
some zinc dust and ammonium nitrate, shook them together and I et
the m xture sit in the sink and within two to five mnutes it
would ignite. This is alittle side dish to the story, but |ater
on | saw the first amoniumnitrate plant maki ng amoni a from
natural gas out in Calgary. They had two rules: never bring
organic material into the plant, they were careful even with
paints. The other, never allow anything to go above 250°C. By
then I was famliar with the Texas Gty disaster in 1947. So |
have sonme under st andi ng about what happens when ammoniumnitrate
and ot her things get together.

| went on taking summrer classes as well as the nornal

senesters. In the Fall of 1929, ny math teacher had gotten ne a
$100 schol arshi p which was handed to ne at the end of the sumrer
session. Then | wondered what to do with the noney. Well, | had



never been out of state. | had a friend who'd been out in North
Dakota, and I went to see whether he'd |ike to go with ne but he

couldn't. | bought a Mbdel T Ford for forty dollars, paid five
dollars to a friend in Waterloo to grind the valves and get it
ready. It was a touring car. Wen ny sunmer school was over, |

got in the car and drove to North Dakota. W rked in the harvest
fields for a few days at five dollars a day. Thirteen hours a
day, and it was 105° out there; | got sick with the water, the
water was nuddy in the jug. | slept in the barn. That was

bet ween Bi smark and M not, North Dakota. So | started back on
H ghway Two with nmy nodel T and | had several flats with ny not
very good tires. Al gravel roads except a mle ahead and a mle
beyond any city. But | made the three thousand mle trip with
105 gal l ons of gas; then you could turn the carburetor down. |
slept in the farnms, 1'd go by a farmand park off the road. |
had a horse bl anket, and a bread box for ny vittles and shaving
materi al .

| got back to Northern M chigan; ny fol ks knew | was com ng
back, and they were up in the Northern Peninsula and we net
there. | was comng back fromthe Soo Locks at Sault Ste. Marie.
I went around Hancock with ny fol ks, then came back across the
straits but it was so rough on the ferry. The energency brake
didn't work very well on ny Model T, and it was so rough on the
ferry that | had to sit in ny car to keep the car fromrolling
into a wave and ruining ny radiator. But | got home and | went
on with ny studies.

| knew by nmy junior year that | was going to try for the

doctorate and had outlined what | needed to do. | took three
senmesters of German, which | figured would be enough to pass the
exam so | took French for ny fourth | anguage senester, | took a
year of French. | took my qualifying exans early, and | took
extra hours in the sutmmer. | really finished the required hours
for ny bachel ors degree by January 1931. By August 1931, I'd
finished all ny course requirenments for the doctorate. |'d taken
ny | anguages, |'d had ny twenty-one day problem and | took the
qual i fying exans and passed them | had becone [George G ]

Brown's assistant in January of 1930.

In nmy sophonore year the restaurant where | worked needed a
boy for the evenings as well, so | started working from5:15 p. m
until 7:30 p.m | got ny dinner and a total of ten dollars a
week. The restaurant changed hands about that time, at the end
of my third year there, and the new owner rai sed nmy wages to $12.

| closed the place nmany tinmes; | was responsible for |ocking up
and running it the last two hours of the evening. So | was doing
very well financially. | gave up ny cleaning job at the end of
two years. | becane an assistant to Brown and earned as nuch as

$500 a year, in the lab, as grading assistant and his consulting
assi stant.

He had a | ot of cases, but one of themwas a big one, the
Root Refining Conpany patent case with Universal G| Products. |
becane Brown's consulting assistant, and we did a | ot of phase
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behavi or work. In the neantine |'d taken my doctorate degree
probl em on phase behavior, cal culating vapor/liquid equilibrium
Brown and I did not fully understand the trial and error concept
that you have to use for material balance, and | thought | could
find a way of avoiding it. 1In the lab where | was the assistant

I ran the Podbi el niak col um using |ight hydrocarbons. | was
famliar with a fell ow naned Professor Good who worked w th

Prof essor Leslie on vapor equilibria at oil tenperatures. | also
ran distillations with the 2-liter 6-foot columm. | hel ped Roy
W son who was getting his doctorate degree with Brown. Brown
got Union Gl of California to take vapor and liquid sanples from
a crude distillation fractionator, so that Roy had a liquid for

t he vapor phase and a liquid froma plate, and | ran the
distillations. 1'd work all night sometinmes, have an al arm cl ock
to wake nme up and take the sanple off. It nust have been two
liters that we ran. | devised a nol ecul ar wei ght apparatus and |
neasured the density of the fractions. | don't know how nmany
distillations |I ran; he nust have had 30 sanples, and Roy ran
some but | probably ran fifteen or twenty of them | actually
hel ped make the colum itself, with a gl assbl ower from physics.

Al so, for exanple, Brown brought in a sanple of material that was
sent to himfrom East Texas. It was an oxygenated material. W
had a copper condenser on our fractionating colum, and when we
ran the distillation we got two |ayers of |iquid condensate, one
of which was blue. W never knew quite what it was, but it may
have been oxygenat ed propane or butane.

| enjoyed the lab, | enjoyed working with Brown, and |
gradual |y becane his chief of graduate students. | had fourteen
peopl e working with nme at one tinme. Brown was at M T worKki ng
with Warren K. Lewis and ot her people there, and one afternoon
(as he knew | was at the restaurant in the evening) he spent
forty-five mnutes on a phone call to a student, which quite
i npressed ne.

Two streans, one from a Dubbs cracking unit and one froma
crude oil distillation unit were conbined in a separator at 900°F
and 500 psi. They gathered the vapor and |iquid sanples, and
collected a sanple of the crude oil fromthe separator. | also
had the crude oil sanple before it had been heated. |In any
event, for nmy thesis | put in the vapor/liquid equilibria and the
equi l i brium constants that |1'd developed. | ran the vapor/liquid
equilibria, and the issue was, how nmuch of the bottons cane from
t he cracki ng and how nuch fromthe crude oil? Brown and |
devised this material bal ance concept. |If you take so nuch
reduced crude oil and so nmuch cracking stock, by running the
cal cul ations separately, but in the proportions in which they
were m xed on a nolal basis, you can find the anmounts of cracking
stock and crude that contribute to the liquid state. Brown used
that in the Root Refining suit and I put it in ny thesis. O
course, | did other things in ny thesis too. | finished ny
thesis in May of 1933.

BOHNI NG What were the other things that you did?
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KATZ: | got the Bahl ke and Kay phase behavior data that they had

run at Standard of Indiana (4). | had one of the Sydney Young
type columms in the |Iab where | could neasure nercury
di spl acenent and | tried to match what they had done. | nade

vapor/liquid equilibria calculations of natural gas material.
Brown and Souders were working on the fugacity concept which they

published in 1932 (5). | made equilibriumconstant charts for
the boiling points of fairly high hydrocarbons and | extrapol ated
out to 1200°. | ran distillations down to very |ow vapor

pressures, maybe four mllinmeters. W went to very |ow
pressures, when | worked on the vapor pressure chart.

Hal Coats had taken his doctorate degree with Brown on the
vapor pressure chart; | extended it and found sone new data in
the literature. | started to read the literature of phase
behavi or and | found Sydney Young's articles on the PVT
properties of iso- and normal pentane (6). | found the PVT
properties for hexane vapor in the superheated regi on which I
added to ny thesis and we ran a conpressibility factor chart.
Pressure volune tenperature relations; | |ooked at the phase
behavi or of the pure substances, and read a good many of Sydney
Young's papers and was very nuch inpressed. | went back and
found his thesis. There was anot her person, a German, who had a
met hod and | went back to read his early work in German. Qur
paper was published in Decenber 1933 (7). Brown had given it at
a nmeeting sonewhere, and the paper was published; "Vapor Pressure
and Vaporization of Petrol eum Fractions."

BOHNI NG | have sonme questions if | could back up a little
Before we | eave M chigan for Okl ahona. There was a period before
you went to M chigan when you weren't in school. Wre you still

doing a lot of reading at that tinme?

KATZ: Yes, | went to Jackson library, but it was only novels and
such things, not science. | didn't do much readi ng when | was
wor ki ng. We drove back and forth back to Jackson. | had to get
there at six-thirty in the norning, and work until five at night,
ten hour days, you see. Anyway, | did not do nuch serious

readi ng; | was discontented, |I didn't know what | wanted to do.
But I had a good incentive to go to college. | was running a big
press that made the Chrysler 14 inch brake drums. | had to dip
the steel disks in dope, as they called it, an oil/water

| ubricant m x. The plunger was only rai sed about two i nches and
| had to get the blank in there just right. [If | mssed it they
had to stop the machi ne, which took four or five m nutes, and
then reverse it. The foreman would have to grind the dies again,
so | was very careful

| was running that nmachine one day when it was so scored

that they had to stop it. W had a wonderful assistant
superintendent at the shop whose nane was Popp. He was ny
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friend, he gave nme breaks in running the machi nes and ot her | obs.
For exanple, ny stepfather was the shipping agent and in the
sumer of 1927, when ny stepfather was on vacation, he let ne

take his job. | shipped, put the stuff in the freight cars, had
to make records of what was bei ng shipped, sealed the cars up; he
really was nmy friend. Well, the superintendent was not; he was

very stern. \Wen ny machi ne was bei ng honed down I sat down on a
bench by my machine and he cane up to ne and said, "Wat are you

sitting dowmn for?" | said, "Well, |I've just been handling about
twenty tons of steel, and there's nothing | can do as I'mwaiting
for the foreman to clear the scene". He said, "You can't sit
down in ny shop.” | thought that was a very good incentive to go

to college. But | did want to learn; it took a little effort to
| earn because |'d been out a year and I was twenty when | entered
col | ege.

BOHNI NG  Were chem stry and chem cal engi neering conbi ned at Ann
Arbor then?

KATZ: Chem cal engi neering had noved into the East Engi neering
Building in 1923 but prior to that tine they were together in the
Chemi stry building. They were closely allied and many of the
chem stry faculty had taken chem cal engi neering when they

wer eunder graduates and their doctorates in chemstry. | got to
know t he chem stry people very well.

BOHNI NG  But how did you select that as your nmj or when you
entered the University?

KATZ: | really didn't know the difference until | got there when
they had a Freshman Wek, for the first tine. W had a whole
week of introduction to the university, and it was fine. | had

Prof essor Upthegrove as a nentor, he was a netallurgist. At
first 1| had to struggle pretty hard, but | had the tinme; | only
wor ked noons and two afternoons a week. | got good grades except
in my English, where | always got B's. Things went along well.
In nmy sophonore year | was taking twenty hours and then I got the
evening job as well as the noon job. That second senester | got
several B's, as well as a couple of A's but | never got any C s
in college. This was ny hardest tinme, when | was taking physics.

[ END OF TAPE, SIDE 2]

As it turned out I was working as nuch with Brown. By ny
junior year, | was working alnost forty hours a week. But | knew
what | was doing, fromeight in the norning until eight at night
for six days, but | could go home on Sundays whenever | wanted
to, which I did nostly. Being older | was stronger physically so

| was able to do things. | had a good room ng house between the
restaurant and the University and | really enjoyed what | was
doing. | had nade ny plans to get ny Ph.D. relatively early.
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BOHNI NG Can you tell nme sonmething of the faculty? What was the
departnent |ike when you were there?

KATZ: One of the things that brought me back to teaching in due
time was that | had pretty good teachers. Very good teachers in
some cases, and the others were not that bad. Al the teachers I

had were professional people. | had Brown of course, who was an
engi neer. He taught ne ny conbustion engi neering materi al
bal ance calculations. | really enjoyed that. He made ne his

assistant a year later. Professor Baker was interested in

el ectroplating and he was the Chief Engineer of the Houdaille

Her shey Conpany in Decatur, Illinois in addition to his teaching
position. Professor Warren McCabe was an up-to-date teacher who
showed us material balances and optim zation and this concept of
energy availability. He got an award later for the concepts that
he'd published, and, of course, for the MCabe-Thiele diagramin
distillation (8). So he was relatively famous. A H Wite, our
departnental chai rman was president of AIChE. In 1929 | was
aware that ny teacher in organic chem stry, Professor Gonberg,
was the president of the American Chem cal Society, and the head
of our departnment was the president of the Anerican Institute of
Chem cal Engineering. | was aware of it at the tine.

BOHNI NG  They were both presidents at the sanme tine?

KATZ: They were presidents at the sane tinme. | did not have A
H White as a teacher but he conducted our sem nars.

BOHNI NG You had Gonberg as a teacher of organic. Could you
tell me somethi ng about hinf?

KATZ: He was very quiet and nodest. Wen he was president of
the Anerican Chem cal Society he told people in his departnent
that he didn't want to countersign ACS application fornms while he
was president to avoid any suggestion of influence. One day a
student wal ked up to himin the |aboratory and said, "lI'd like to
join ACS; would you sign for nme?" Professor Gonberg hesitated a
nonent, didn't know what to do or say; he was rather nodest. The
student says, "Well, you' re a nenber aren't you?" And Gonberg
said, "Yes" and signed it w thout another word.

Ander son was one of three young faculty I had in organic
chem stry, as | aboratory or recitation assistant in charge.

Gonberg gave all the lectures. He was a good |lecturer, and I
enj oyed organic chem stry very mnuch

BOHNI NG  When did you make the decision to go to Engi neering?
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KATZ: We went directly to the Engi neering School. The first
year you are in General; you check Chemi cal Engineering off in
your sophonore year, but we were separate at all tinmes. W took
the same chem stry as the chem sts, | guess they took one or two
nore courses. | think they had to take an extra course in quant
and they had to take the lab, but I took the |ab and physical
chem stry in the sunmertinme. Professor [F. E.] Bartell, | nust
say sonet hing good about Professor Bartell. | took his colloid
course as a graduate student and | earned surface chemstry in a
qual itative manner

Bartell was a good teacher in the sense that he let you know

what his research was. | don't think the other chem sts told us
about their research. | nmade at |east three research advances in
ny career based on a feel for surface chemstry. | don't know if

it's the tinme to nmention what they were?

BOHNING Well, we can while we're talking about it; we will be
backi ng up again later, but if you want to.

KATZ: Let me tell you what they were. Bartell was working with
an APl [American PetroleumInstitute] grant on surface properties
and devel oped a wetting tube device. The tube was packed with
oil-field sand, one fluid was put in one end and the other fluid
in the other end so as to develop an interface between them A
pressure difference arises between the two ends from which you
could determine the wettability. | |earned about this work (9),
about wettability and adsorption.

When | went to work for Phillips in the summer of 1940 | was
working in Cklahoma City as an oil-field engineer. The question
was whet her the field should be water-flooded or whether sone
ot her way of secondary recovery should be tried. | went to the
wel | when they were bailing the sand out and | put some in a
Bartell tube, and |I found out that water could not drive that oi
out, it didn't nove one iota. It becane clear that the sand was
oil-wet. This was the first observation that sand was not al ways
water-wet; it was oil-wet in this case. | went on to show that
dry sand placed in any crude oil and tested in a Bartell tube had
lost its water-wettability. Asphalted substances in crude oi
adsorb on sand and the only way to get themoff is to fire it.
You can't even get themoff by Soxlet extraction. That was the
first one.

The second was with nmercury. There are problens with
boiling nercury in a stainless steel tube. At the tine, | was
consulting with a conpany in the field of liquid netals. |
visited CGeneral Electric where they had a nmercury boiler, and I
met the man who found how to correct the problens they had with
it. He found that 0.20% of magnesi um and 0.002% of titanium
added to nmercury will enable it to wet steel. | showed the change
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inthe boiling coefficient with addition of various substances as
conpared to filmboiling in their absence. | had this as a paper
with one of ny doctorate students (10). | renenber | showed it
to McAdans, the fanous heat transfer man at MT. That was anot her
exanpl e of ny understanding of wettability and its application.

The | ast one was a problem | discussed in ny seventieth

birthday | ecture and | intended to bring you a copy. The Bureau
of Mnes ran a neeting, "The Dunping of Liquefied Natural Gas on
Water"; | was Chairman of the Conmittee of the Acadeny of

Sci ences Research Council for the Coast CGuard on Hazardous
Materials. They brought a problemto nme. They dunped 100 cc of
LNG [liquid natural gas] on an aquariumin the lab; they did it
many times and the ninety eighth tine it blew up, ruptured the
glass in the aquariumbut it did not ignite. Nobody got hurt but
it was a shocking experience. Next they ran twenty gallon dunps
on a pond and recorded themw th a 16mm novi e canera, running at
32 frames/sec. They watched the cloud of LNG go off into the

at nosphere, and blow away with the wind. | think it was the
fourteenth dunp, when on the second franme after it hit the water
it went up. They likened it to a stick of dynamte; this was
unknown behavi or. David Burgess who was in charge of the Bureau
of Mnes in Pittsburgh came to me and ny Coast Guard Conmittee.
He asked whet her hydrates or sonething had formed. 1| told him
that hydrates don't form and deconpose in 1/32th of a second.

| spent a year working with various people. | had Bob Reed
at MT, Sliepcevich at lahoma, Churchill all working on the
pi oneer LNG ship to bring liquid nethane into Engl and and France.
| talked to a lot of people, and finally |I found a Japanese
Journal of Physics article describing what they called the
superheat limt (11). Wen you try to heat inmm scible |iquids,
because it's a liquid/liquid thing there is no nucleus for
initiating boiling. The critical tenperature for water is 700°F
and at about 575°F it will spontaneously deconpose in a shock
wave type of explosion. W decided that nust be what was
happeni ng: but why?

Well, | got invited to go to Shell QI Laboratories in
Houston in Septenber 1971. Wen | got there I found sone bright
young nmen had been running this experinment where it was very
clear. They took a five-gallon bucket, put a gallon of pentane
init, they had a gallon of LNG on a trunnion, put the bucket on
some two by fours over a tank, and had Pl exiglas for protection.
When t hey dunped the gallon of LNG on the pentane there was a
shotgun report. It knocked out the bottomof the five-gallon
can, it broke the two by fours, but it didn't rupture the barrel
of the can. Now it was clear to ne; | found out what the problem
was. It was the wettability of the hydrocarbon. They showed from
their experinments that if the LNG was | ess than half nethane, and
the rest ethane, propane and butane, that it would wet the
surface. The surface heat transfer was so fast that it reached
the superheat limt of tenperature rise; and it went so fast,
they said in a nanosecond. Anyway, | had this feel [for surface
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chem stry] which | attribute to Professor Bartell

BOHNI NG You comrented that he was the only chem st who | et you
know about the kind of work he was doing. | get the inpression
the chem cal engineering faculty were just the opposite.

KATZ: That is correct. 1In the first place our systemwas this.
As an undergraduate you had to choose a research problem you had
to go to semnars and |isten to what everyone was doi ng; as
graduat e students we had a weekly sem nars where you heard each
doctorate student tell you what he was going to do, and when he
fini shed, what he had found out.

There were 80 graduate students in 1932, at |east 45 of them
were working on their doctorates. At one tine Brown had fifteen
working with him | could tell you at the end of the year what
everyone was doing, and what they were trying to find out. W
really knew where the research was going. MCabe was worKki ng
with crystallization, Baker was working with el ectroplating and
that sort of thing. A H Wite was working with natural gas or
Gas Associ ation projects, with heating wood and so on. Brown was
wor ki ng on thernodynam cs, equilibriumand that sort of thing,
and Badger was working with his evaporator. Not only that; they
woul d give you a problemcomng fromtheir consulting work. W
knew t hey were all doing consulting work.

BOHNI NG You devel oped that industrial relationship very quickly
t hen?

KATZ: Yes, as a matter of fact Brown had consulting jobs,
including one with Phillips Petroleum Ted Legatski, one of our
graduates fromearlier days had cone to spend three nonths with
Brown on a patent case and | got acquainted wwth him He was the
one that got Phillips to hire ne in late May of 1933.

BOHNI NG  What type of | aboratory experience did you have as an
under gr aduat e?

KATZ: In engineering we had the fuels |ab. Conbustion of oil,
gas analysis. W had a unit operations |aboratory where we ran
| arge scal e equi pnment; we had a salt evaporator that ran for
twenty-four hours trying to make salt froma brine. W ran heat
exchangers, netering equi pnent, things of that kind. It was a
good course with |arge scal e equi pnent.

BOHNI NG  What texts were they using?
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KATZ: W used Wl ker, Lewis and McAdans (12), and | guess a part
of the time we were using Badger and McCabe's notes, as they were
getting their book ready at that time (13), but they didn't
finish it while | was an undergraduate. They probably finished
it in 1933 or 1934. In thernodynam cs we had Brown's | ectures,
and we used that book from California, Lewis and Randall (14).
Later I net Randall, but never Lew s.

| gave ny first papers as a young chem cal engineer; | went
to the Chem cal Society nmeetings later on. I'ma fifty-year
menber; | joined in 1932 to get Industrial and Engi neering
Chem stry as a student nenber.

BOHNI NG  What effect did the Depression have?

KATZ: | was not too depressed, but everyone around ne was. My

| andl ady | ost her house. | married the |andlady's daughter so |

| earned nore about that later. M folks were very hard up on the
farm They went to California while | was a student to see ny

nother's brother, just before he died. | told themthat if they
went | would give themfifty dollars. At the end of five years
in Ann Arbor | had $1000 in the bank. | got married that Fall,
and | had an autonobile; 1'd done very well. But | saw the

Depressi on through the poor people in the restaurant |I'd worked
in, and I was well aware of it. M first wife graduated in 1930
and went to be a teacher at Bellaire, Mchigan. | used to go
weekends to see her three or four tinmes in the year. | drove the
car up there, got permission to drive the car honme; we had a
driving ban at the University in those days, and they really did
enforce it.

BOHNI NG Do you renenber any of your student coll eagues?

KATZ: There was quite a group of colleagues. Pete Mercus was a
Dutch boy from Grand Rapids, and he and | worked together. One
sumer when Brown was away for the summer | was running sone of
his projects and did several things through his office. A gallon
can of oil was sent to us to find out what sort of additive it

contained. Well, that's kind of hard to do but | promsed to
try; we ainmed for a budget of five hundred dollars. | hired Pete
Mercus to do part of that. W ran the iodine nunber, we ran
distillation on the oil, surface tension, interfacial tension,

I ndex of refraction; we did all kinds of things but we couldn't
find anything. W got a Sears and Roebuck lubricating oil, and
ran parallel tests, and we could see nothing in that difference.
That was the kind of job |I did one summer. Pete Mercus was ny
cl ose friend and co-worKker.

| learned sonmething froman accident he had in his research.
He was working on a Gas Associ ation Fell owship and was runni ng
the conbustion with oxygen in a bonb calorineter. He had gotten
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a new pressure gauge, a differential gauge from 300 to 600 pounds
instead of one starting at zero. He put the gauge on, had his
bonb all hooked up and was putting soap solution to check for

| eaks, and he happened to duck down, |ooking at sonething on the
fl oor, when the gauge bl ew out over his head and took the w ndow

out across the laboratory. | heard the noise and went into the
room-- he just sat there, pale white. W found out that the
oxygen and the oil left in the Bourdon tube had reacted

expl osively. Pete becanme a vice-president of Shell but had to
retire at an early age; did a lot of sailing in the Virgin
I sl ands area but | didn't see nmuch of him and he's gone now.

Bob [ Robert Merrill] Hubbard was another classmate. He
conpl ai ned he had go to Europe one summer and couldn't be with
us, but had to be with his parents. He was running a rolling
bal | viscosineter with pentane. He was there when | cane back

[fromPhillips], in fact, several students were still there when
| returned. He taught at Virginia nost of his life, he's retired
now but still living there. These people that cane back to the

University to get a doctorate degree were the ones that were
really hurting; [R chard] Lee Huntington went to Cklahoma. To
show you how bad it was in the Depression, Lee would be a classic
exanple. He had been running gasoline plants wwth a bachelor's

degree from Gkl ahoma. He went to MT a year; | never knew

whet her he passed qual i fying exans but he canme here and did a
thesis with Brown and got his Ph.D. in Cctober 1933. I1'd only
been at Phillips since the sunmer. |'d learned that he was in

town and when | asked was told he was down at the auto |ab. |
went down to the auto | ab and there he was cl eani ng gasoline
cans. | said, "Lee, there's sonething wong here. 1'Il try and
talk to the managenent."” That day Dean Carson from Gkl ahona was
com ng through town | ooking for a man to head up his chem ca
engi neering departnent. Lee cane to see ne and said, "I |earned
he was here, should |I inquire?" | said, "Don't worry about your
job with Phillips. They send you cl eaning gasoline cans after
ten years in the industry and with a doctor's degree. You cal
him" He called Carson at Ponca City, got the job and left.

Don [Janmes Donal d] Lindsay had al so been in industry. He
had a famly; | think Lee Huntington did too. Don finished his
degree and he went to Texas A&M There are quite a few people
like this; Roy WIlson went back to Standard of Indiana and hadn't
finished his degree, and I was on his conmittee when he cane back
in three years. Oto MIler was one of ny classmates, he went to

be Chairman of Chevron. | was in California when he becane vice-
president for Refining, and | saw himthere then. |[|'ve worked in
California sonme. George Hol brook stood in the Ph.D. line with ne

at comencenent. W kept in touch throughout and | succeeded him
as Al ChE President.

BOHNI NG You had nentioned earlier the connection with Phillips
that led to your getting the job with them Had you | ooked at
ot her possibilities?
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KATZ: Yes, |I'd | ooked at Texaco. The nman at their |aboratory up

the river in New York State, | believe Poughkeepsie, alnost had a
job for ne. He was their California man who was acquainted with
nme. He said, "Just wait, I'mgoing to get you a job," but he
didn"t. | went to Phillips, because of Ted Legatski and George
Qoerfell, who headed up the liquefied petrol eum gas marketing in
the M chigan area, Pontiac and Detroit, that area. He had an
office in Detroit. | went there and interviewed about a week

bef ore graduation. About the end of May | got a wire offering
$125 a nonth, and of course | accepted.

Kar|l Kammerneyer, who went to |lowa eventually, got the sane
wire. But his wife had a job at $110 per nonth as a secretary at
the University, and he said he could not afford it. Anyway I
went to Phillips on 23 June 1933.

[ END OF TAPE, SIDE 3]
BOHNI NG When you took the position with Phillips -- had they

told you in advance what your responsibilities were going to be?

KATZ: No, except that it would be in the Research Departnent. |
got there and net the thirty-two or so people in the research

lab. It was a hot bed of unspoken problens. In 1933 no one had
been hired and no one had quit for four years. No one dared quit
for you couldn't get a job el sewhere and Phillips held their nen.

They had not hired any new ones until two or three people joined
about a nonth before | got there. They had a | ot of research
going on in refining, especially in converting Iight hydrocarbons
to useful products, but nobody was studying oil reservoirs even

t hough the oil division was the largest division in the conpany.
They sai d, "Nobody knows anything about crude oil production,
natural gasoline and the reservoirs fromwhich they cone. W're
going to give you the job. Go out and watch themdrill wells and
see what it is all about, then conme and tell us what it is that
we ought to do."

| was a little disappointed because | was geared towards
refining through my work with Brown on the Dubbs case; the Texaco
job would al so have been refining. But | went at it and it was
fun. At that time my wife didn't conme with nme [in the field].
In the sunmer of 1933 they took nme to the Sem nol e area where
there was a well being punped by a bottom hole electric punp.
Reda punps. Reda Punp Conpany was in Bartlesville. The Phillips
enpl oyees owned stock in it and they were pronoting it in a
general way, and it was a good idea, of course.

They had a bottom hole punp that was seven or eight inches
in diameter with 120 centrifugal stages and an electric notor of
the sanme dianeter. | watched them punp a well at 4000 feet. |
wat ched themdrill wells. | talked to the superintendent and the
engi neer and the roustabouts on the job in Sem nol e, producing
oil. So |l got the feel for that. | was sent to Cklahoma Cty.
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The Okl ahoma Gty field was up to 1500 to 2000 pounds pressure;
just the south end of the city had been drilled at that tinme.
They didn't know where the rest of it was, they didn't know how
bigit was, but it was a gusher. They had 100,000 barrel wells
there. The klahoma City WIcox sand was terrific.

So | got acquainted with the engineers there and | watched
t hem when they were going to put in the Reda punp. | watched
them cl ean out a 6500 foot well and | began to |earn about
tenperatures and pressures. | got gas sanples, and brought them
in for analysis. The Bureau of Mnes at Bartlesville was a great
help to ne. | went there to see themand nmet their chief
engi neer who | ater becanme head of the East Texas Salt Water
Associ ation and chief man at Hunble, Carl Reistle.

Ben Lindsly had a bottom hol e sanpler which went to the
bottom of the well, got oil under pressure and brought it out.
He ran the shrinkage, the solubility of the gas in the oil; put
it in the glass window still and watched the gas cone off and the
oil shrink. He neasured the quantity of gas and got
conmpositions. Phillips would run the analysis for himat sone
later tine. | had learned to run this and I found out that
Phillips had a bottom hol e sanpl e at another reservoir and |
requested a sanple. They sent it tonme inalittle cylinder, and
| ran the first bottomhole sanple in Phillips. 1t had 26 nmole %
nmethane in the liquid, it was really sonething. | found out
| ater that M ke Haider, who |ater becane chairman of Exxon, was
the engi neer at Sem nole and had run a sanple in the sumer so
those were probably the first two that were run.

It becanme clear that if I was going to help the gasoline
departnent | needed to know equilibriumconstants, especially for
net hane and ethane. They got a man to build a cell for nme, and |
got the equipnment to run it. By Decenber of that year we were
runni ng vapor/liquid equilibriumconstants fromthe sanples. W
were all through by Septenber of the next year. | ran the liquid
anal yses, and another fellow ran the gas anal yses. Karl Hachnuth
ran the equilibrium equipnent; he was a M chigan man, whom | got
to know well. He was three or four years ahead of ne; he ran the
unit and correlated the data. W found that the equilibrium
constants would go down with increasing pressure and then turn
around and come up to an apparent convergence pressure. |t was
really somet hi ng brand new whi ch nobody had appreci ated
previously. That was one of the projects and one that was
finished within a year and half after 1'd started.

Another: | suggested a field unit to go out and test wells.
To get a bottom hol e pressure gauge, sone tenperature
nmeasurenents, for which we used maxi num readi ng t her noneters,
upsi de down and straight up. W got the sanpler, and we neasured
the solubility and shrinkage curves of the sanples in the
| aboratory. By that tinme, they had a young man that was | oaned
to the Bureau of Mnes, and was working at a laboratory in
Okl ahoma City. He becane ny assistant in January 1934; Bill
Barl ow | ater became the vice-president for research for Marathon
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He died relatively young fromcancer. Anyway, we did field
trials; maybe thirty-five anal yses of crudes by the tine | was

t hrough in Septenber 1936. W went and sanpled every new

di scovery well. W ran a flowtest on the well, neasured the
pressure flowi ng at various depths, the gas/oil ratio,
conposition of the gas off the separator, and took a bottom hol e
sanple. Fromthe bottom hol e sanple we cal cul ated the flash
vaporization to show how, if the gas/oil ratio changed, as it
normal ly would in a constant volune reservoir, what the gasoline
content would be. So that was anot her project.

Then it became clear that they had never run core
characteri zations so, about ny second year, | reconmended a core
| aboratory to run the anal yses. For exanple, they had a core of
two hundred feet in Oklahoma City. They'd only run the porosity,
but never the perneability. So | established a core |aboratory.
By that tine | had three young nen working with nme, and we
started running core analysis. W ran core sanples and esti nated
the possibility of a water flood in a shallow oil field near
Bartlesville. Also | got gas sanples and found out that the gas
conposition had liquid init, and so | began studying the
reservoirs.

| did other little things: for exanple, when | was there
first, the Reda punp and the notor had a connector that had to
float with the tenperature change. It had to be floating, so
they put grease init. The tenperature rise in the Cklahona
field was 132°, but that was a shallow field and in a | ot of
places it m ght be 150°. The grease disassociates; they asked ne
to nmake a grease that did not disassociate into oil and soap. |
did sone study into grease conpositions, and | nade up a steam
cylinder stock, alum num stearate, and | nade a hi gh pressure
cell to show that under pressure it didn't disintegrate with
tenperature. | went out to the Phillips grease plants in a
little town naned Dewey, just north of Bartlesville, and Johnny
Raven, a full-bl ooded Cherokee, made ne the grease for the Reda
punps and they used it for several years.

The second inportant thing | did there was when sonebody
asked what good the solubility and shrinkage curves were. |
t hought we could use themto nmake cal cul ati ons, what we cal
material balance now. 1In the fall of 1933, in a week's work
using data fromthe Cklahoma City field, | showed that with the
solubility and shrinkage curves, the gas/oil ratio, production
life, and the pressure changes, we could tell how much oil had to
have been there to give that kind of behavior. | had published
it as a paper in 1935 for the SPE (15), and it is the mechanistic
nmet hod of getting a material bal ance on a reservoir.

We had great problens in communication. For exanple the man
at Bureau of Mnes, Lindsly, couldn't believe that nethane was in
the liquid state. He, a physical chem st, opened a book and

said, "It says here that nethane cannot be nmade and held in the
liquid state above -116°F." | said, "Wll, that's a pure
substance; as a mxture, of course it is possible.” The liquid
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shrank when you took the nmethane out of it. He said it was in
the gas there. He didn't understand it really. | asked himif
he were present when the Hunbl e people presented the nmateri al

bal ance in an equation form they called it the quantitative

ef fect of rock pressure on gas/oil ratio or sonmething |like that.
"Did you know t hat you cal cul ate how nuch oil was there fromthat
formul a?" "No, nobody ever told nme that." He had heard the
paper, but he didn't understand.

Schil thuis, who was a good friend of mne, was the research
man at Hunmble. He redid this fornula, and had a parallel nethod
at the tinme ny paper was done in 1935. O course, it's his
equation that is used, and that's where ny shortcomngs in math

were evident. | should have witten an equation too, as well as
nmy nmechani stic nmethod. | did the oil nmaterial bal ance, |
believe, and he did the gas nmaterial balance. | think that was

the difference. They were identical procedures, but the equation
I's needed for putting it on the conputer and making it easy to
run. Anyway, that was the second thing | did, besides ny
vapor/liquid equilibria, both of which were to becone papers.
Phillips was generous in letting ne do that.

They were even nore generous in this way. | knew four vice-
presi dents personally, well enough to go and sit with them
Qoerfell was in charge of research. The vice-president for oi
was Dimmt; | would report to himand his chief engineer, Don
Knowton. In effect I was working for them but in the research
departnent. Sands was the vice-president for econom cs, and |
taught himhow to convert gas analysis into gallons of propane
and butane, and he was interested in that. The gasoline

departnent, that was F. E. Rice; | got to know them and their
assistants well. | worked for themalso, in a sense, and there
peopl e would call ne and ask nme questions, and it was wonderful .
For exanple, | had been studying the Fitts pool, and they were up

to about a gas/oil ratio of 700 [cubic feet of gas per barrel of
oil]. One day the chief assistant in the gasoline departnent, Ed
Buddrus, called ne and said, "Say, ny man out in the field there

says it's 2700 now." | said, "I don't believe it." He said,
"He's reporting it," so |l said, "Tell himlI'll be there tonorrow
norning at nine o' clock, and we'll go test wells.” | drove the

two hundred mles down there early the next norning, we tested
wells all day, and it was 750 or sonething; he had gone out and
asked sone questions of the operator, not taking any neasurenents
hinself. So they knew that | was checki ng experinentally and
that it was an ongoi ng concern.

BOHNI NG  You nmade the comment that your nmath background was
poor. Could we go back and explore the reason for that?

KATZ: Yes, | took the four senmesters of calculus, and a little
bit of differential equations. M differential equations
instructor was a graduate student and he wasn't very clear in
explaining things. | went to math teachers when | was doi ng ny
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thesis, trying to solve this trial and error equation, and |
never got the help |I needed fromthem |In the graduate course
they had a nman who went to MT to get the math for cheni ca

engi neering, and he cane back and presented his new course on
graphical nethods. O course it was advanced descriptive
geonetry, if you want to put it that way; it was very bad. None
of our teachers, excepting M:Cabe, were what you woul d cal
reasonabl e mat hemati ci ans. Badger knew very little math, Brown
was only so-so; he did |learn a reasonabl e anount in therno-
dynam cs, but he wasn't a good nmathematician in a general sense.
I never really learned it, | had to pick it up the hard way.

BOHNI NG There wasn't a real math conponent built into the
curricul unf

KATZ: Only this special course on graphical nethods. That was
the only course required, and I didn't take anynore. The poor
teaching that |ast senester was such that | didn't have the
hankering for math that | should have. Wen |I started college |
knew al gebra, trigononetry, and that sort of thing, pretty
perfect. But it was a real handicap. Later on | went into fluid
mechani cs and heat transfer; over the years it was kind of a
handi cap.

BOHNING It was before you left Phillips that you began to put
together this concept of reservoir engineering; is that correct?

KATZ: Yes. Wien | left Phillips | wote thema report called
reservoir engineering. A copy of the front page is in ny papers
(16). | tried to explain to themwhat was comng in the future,
and what | had done. Wen | went back to the university | took
on the job of filling in the gaps of know edge. For exanpl e,
retrograde condensation; they asked ne what it was in ny
doctorate exam | explained it to themas best | could, but as I
| ook back on it | see that | didn't really know, and ny teachers
knew even less. | left Phillips to come back to the university
because ny famly was here, | admired the opportunities
university teachers had in consulting, the academ c freedom and
the right to investigate, the teaching of young students, for
doi ng what you wanted to in research. There was a harshness to
conpany nmanagenent peopl e towards young fol ks who didn't agree
with them The harshness never hit ne, but | sawit w th other
people, let's say who were less in charge of what they were doing
than I was. You see, ny bosses didn't understand what | was
doing as well as | did, whereas in other cases they did, and
there was a difference in their behavior.

BOHNING So in your case they left you nore alone, as |long as
you were comng up with results?
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KATZ: | had wonderful people to work for. Ted Legatski was ny
supervisor, and [Richard C.] Alden was director of research and
his superior. Their offices were aside the entrance to the room
where | had ny desk, and if | was doi ng sonet hing new, or

changing a plan, 1'd stick ny head in the door. |If they were not
engaged | would tell themin a few m nutes what was on ny m nd,
what | planned to do. |If they had no comments, they would thank

me, and I'd walk on; if not we would sit down and discuss it for
another ten mnutes. Wen | saw Ted Legat ski about two nonths
ago he recalled that the energy that | had was unusual; that's
what they thought of what | did. Wwen | left Phillips, Don
Know ton, the chief engineer said to Alden, the director of
research, "There's no reason Don can't take his reports for
teaching, is there?" So | had thirty-five or forty nenos, maybe
six or seven reports, papers |I'd witten, |ike the one on

equi | i brium constants which |I published after I went to the
university, the material bal ance one which I published while I
was at Phillips, and another couple of papers.

BOHNI NG  Wien during that three-year period at Phillips did you
come to the realization that you wanted to go back to academ c
life?

KATZ: Brown came to the Natural Gasoline Association neetings in
Tul sa and visited with nme. Then in February 1936 | went to New
York to work with Kellogg on vapor/liquid equilibria because they
were starting a program On the way hone | went to Penn State to
I nterview people to be working for ne. And | went through Ann
Arbor to help someone fromBartell's group to conme into the

chem stry group. | interviewed himon the train between Ann
Arbor and Niles and he did get a job offer and cane to work for
us. Brown was the one who kept inviting ne to cone back. MCabe
left to go to Carnegie Tech and when he left they had a vacancy
and they were going to hire two people. They hired me and Henry
Rushton. He becane a president of Al ChE, and he was at Purdue
for a long tine; he's gone now.

BOHNI NG  So you noved back to Ann Arbor in .....

KATZ: Septenber 1936.

BOHNI NG  And what was the situation when you arrived there? Had
many changes happened?

KATZ: Not many. MCabe was gone. They had a teaching fellow,
Jess Walton, so there were three new teachers, and the rest of

the faculty was the same. | got to teach materials, with Brier
giving the lectures. | had a hundred students in three cl asses.
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A section of unit operations, | guess with Baker, and a section
of organic chemi cal technology with AL H Wite. In the second
senmester | had seniors who had to have problens, and a couple
started on those. By 1938 or 1939 | began having | arge nunbers
of people working with me, got up to seventeen once. This plan
of having every student do a research project before he left,
meant that the faculty was forced to cone up with ideas. Wether
they were any good or not was another matter.

These students did all kinds of things. The first
Engi neering Research Institute was organized in 1920 for doing
work for industry. A E Wite, who was in our departnent in the
netal | urgi cal group, was the director. In April 1937, the Eaton
Manuf acturing Conpany in Ohio asked us to come down as they had a
problem Little capsules full of carbon dioxide were sold for
seltzer bottles, and they were filling themin a welding
operation. The critical tenperature for carbon dioxide is 90°F
They had a high pressure cylinder fromwhich they were trying to

fill them but had 30%rejects because they were so bad. | asked
them what they really wanted, and they replied that they just
wanted to fill them | suggested to get sone dry ice pellets and

drop themin, and then you can weld the capsule in a few seconds.
| took on the job and within six weeks | made them a pell et

machi ne, producing sonething like fifteen a mnute. Put the dry
ice under the plunger, rotating it, cutting it off, knocking it
out. You could get the help you wanted in 1939. You coul d get
the machi ne shop to work overtinme with gusto. Wen you asked for
air cylinders to run things, they'd ship themthe next norning.
We did this project and we had it running in six weeks.

| learned that dry ice was extruded at 20,000 psi. So | got
the idea to give it to a student. GCet a special steel and make a
very high pressure cylinder with an eighth-inch plunger on it,
pack it with any solid you can get off the shelf, and find its
extrusi on pressure. They ran maybe forty substances for ne. As
| recall, sulfur extruded al nost explosively. But this would
have been one of ten students working with ne. | had one putting
various organics on water to see how you can change the rate of
evaporation. | did all kind of things, in addition to surface
tension and viscosity; things | needed to know about
hydr ocar bons, vapor/liquid equilibria, and phase diagrans.

The next outside job | got was wth Brown, studying the
storing of gasoline, making propane and butane and how to handl e
it in marketing. That was with Brown. The third job I got
nysel f. Because | had done work in phase behavior, the Southern
M neral s Corporation in Corpus Christi asked ne to help themon a
gas well that was produci ng condensate; they knew |I'd published
on vapor/liquid equilibria under high pressures. Southern
M neral s Corporation was a @Gulf O subsidiary. 1In the Fall of
1938 | started with this consulting, and | invited Brown to cone
and join nme on it, because it was a Federal Court case and | was
not yet quite dry behind the ears. | thought |1'd better have a
man who understands thernodynamcs as well. So we nade these
gl ass-w ndowed gauges, and did tests up to 3000 pounds in

26



constant tenperature air baths, and we could see the critical, we
could see the condensation, the retrograde condensation. | had
two students who took these gauges and nmade the first phase
diagram the first phase diagramrun was by a couple of students.
And, of course, it was published.

| had sonme friends in court, so to speak. The chief
production engi neer in Chevron gave ne a fellowship for a
graduat e student under my direction in 1938. Harrison Howel | of
I ndustrial Engineering Chemstry wote to ask ne to submit an
article on retrograde condensation in 1939. Fred Kurata was by
that tine doing his doctorate on critical phenonena. |In the
nmeantine |'d gotten the graduate school to give me $3000 to run a
literature search on pressure phenonena and hydrocarbon data in
the literature from 1860 from 1910, and thereafter through
Chemi cal Abstracts. Prior to the Chem cal Abstracts, 1908 or
whenever it was, there were no indices to the European
literature, Conptes Rendus or whatever, you had to thunb through
those pages. So | had two students at $1000 a year api ece, and
they went to the literature and started from 1860, and it was
eventual |y published (19).

[ END OF TAPE, SIDE 4]

I nyself was studying this stuff when | found Kuenen's
articles and Kurata digested them (20). M conpetitors in the
retrograde condensation paper (21) were Sage and Lacey at Cal tech.
| got to know themvery well; | visited themfirst in 1936 on a
tripto California. They provided ne with data, the nethane/ propane
data they sent nme was very helpful. So | was a supporter of
theirs, but they never ran visual experinents. | took the
nmet hane/ propane blind cell data and drew t he phase diagram \What
a particul ar nmethane/ propane system woul d | ook |ike;
pressure/vol unme, pressure/tenperature, percent vapor and |i quid.
| drew a diagramand | sent it to themand asked if it showed
what they thought the systemto be. They said, "Well, you
plotted it fromour data; that's good enough for us." | published
it but then I thought we nust run one, and that's when we did it.

These were the things that helped ne. | also found in the
literature sonmething that no one had ever commented upon. As of
1910 the physicists and physical chem sts who had worked on phase
behavi or dropped the subject Iike a hot potato. They may have
witten summary articles. Sydney Young had one in 1910 and he
ran a retake in 1929 on vapor pressure and critical phenonena
(22). But all the rest dropped out, so to speak. They dropped
out so well, that the physical chem st and the physicist teaching
phase behavi or and t hernodynam cs of applied systens didn't even
know t he subject properly. Ben Lindsly saying net hane woul dn't
go inthe liquid state. | had torelearn it all, and | found it
was in the old literature. | found Villard, a Frenchman, who ran
hydrates. Gas hydrates is one of ny fields, and | started while
| was at Phillips. Hammerschm dt had hi s paper on gas hydrates
(23), but he didn't find this literature, he only found a review
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article in German, around 1928. | happened to get well acquainted
wi th Hanmerschmi dt | ater, because I worked as a consultant for
hi s conpany.

| found Villard had run the nethane hydrate to 4000 pounds;
this was in 1895 (24). He had run the solubility of solids and
liquids in gases up to 4000 pounds in 1895. He took iodine
crystals and put gas over it (nethane or sonme other gas) so that
if you pressurized you could see the violet vapors cone off the
crystals. He put paraffin wax to see it di sappear, and then he
woul d I et the pressure down and see these things precipitate on
the walls. He understood pressure phenonena.

One way of saying it today; in refining you use tenperature
to vaporize, in petrol eum producti on we use gas pressure. You
can take any oil or liquid, put it in a chanber, put gas above it
put the piston and conpress it; by conpressing it you can make
anyt hi ng vapori ze except asphalt. | had a student who was goi ng
to study asphalt; we had a thirty-thousand pound cell but he
never got to do it because the windows didn't hold well enough to
do it, so he ran an experinent that was good up to 14,000 psi.

| found all this nmaterial in reviewing the literature;
found Andrews' article on continuity of the gas systemin liquid
states where the PVT data for carbon dioxi de was given. |
reproduced the Joul e and Thonson article. | put ny retrograde
condensation paper in this bibliography (19). A sunmary of al
the papers Sage and Lacey had published, of Sydney Young's
papers, of ny papers with Brown. | put in the original article
on the discovery of critical conditions. | put in Faraday's
di scovery of hydrates working with Sir Hunphrey Davy. The
hydrate nmaterial is all in here. | was the person who published
this, with a local conpany in Ann Arbor, and it really didn't get
a very wide distribution. 1It's out of print now except through
University Mcrofil ns.

Anot her study | made at that tinme also gave ne a reputation.
You know what cycling is? A high pressure gas field, with |iquids
dissolved in it, will nake you a couple of hundred barrels of
liquid in a separator when you produce the gas. Hunble G| sold
gas fields like that to Lone Star. Lone Star took the field,
drilled the wells, produced the liquid out of it for gas, took
the gas fromthe separator conpressed it, put it back and di spl aced
it. That is called cycling. O course, this was preventing
retrograde condensation, you see. By 1940, the operators that
had these plants in Texas had nme retained by mail although I
never visited. | worked on the case where they sued Lone Star
for cycling. Hunble along with Standard of |ndiana and Ti dewat er
Seaboard organi zed a conmpany (Distilling Engi neering Processes
Conpany) that exploited these patents. They had these patents
and they sued Lone Star. In one week of deposition fromthe
i nventor we caused the conpany to disappear in 1943 and the
subject to fade away. So | had an early experience with patents
and with these conpanies. In 1941 when | worked with Phillips, |
spent the summer, half tinme, studying the literature of high
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pressure phase behavior in the field.

BOHNING |'ve wanted to ask you, since you bought that up, why
didn't you stay in Ann Arbor during the sunmer?

KATZ: Well, partly noney, partly because | liked to work in

i ndustry. Phillips wote and asked nme to conme back in the sumrer
of 1940, so | agreed to cone for twelve weeks or so. Wen | went
there they had decided that I was not going to work in
Bartlesville but to take charge of a group of engineers who were
studying the Cklahoma City field. They were nmen | oaned by the
oi | conpanies who had an office, a couple of secretaries and a
draftsman, but the man in charge had done sonmething bad with the
funds. This was the Secondary Recovery Association and | was
asked to take charge. However, because | was not a registered
engi neer then, they had to have another man to officially run the
engi neering group. He was the official engineer because he was
the only one in our group who was registered. O course, | went
hone and got registered nyself, the next year

Wthin twel ve weeks that summer we nade a study of the
Okl ahoma City secondary recovery. That was when | nade the
wettability study. | showed the nechanismof the oil drainage
out of the Cklahoma Gty fields was gravity. W wote a report
for the Recovery Association. | knew Dean McCee, he's the one
who introduced ne to geology at Phillips. At intervals of three
or four years I'd see himsonewhere. He was in the sane office
when | worked at the Secondary Recovery Association. Gavity
drai nage and wettability were the two things that canme out of
t hat sunmmer.

Phillips asked me to cone back in the sumer of 1941 and
then I went to the Bartlesville | aboratory. One thing | did was
a study of distillate retrograde condensate. The patent was
still in doubt, you see. The other thing | did was to help them
run hi gher pressure vapor/liquid equilibria. W ran up to 3200
pounds when | worked there, and they got it up to 9200 when | was
there that summer. | directed that work, and |I also directed a
study of conpressibility factors. | had a paper with the Gas
Processi ng Association in 1942 that showed that gas gravity was a
good variable to represent the conposition of a natural gas that
didn't have a | ot of non-hydrocarbons in it (25). That was a
good experience too, and | wasn't gone | ong enough to hurt ny
graduat e students.

BOHNI NG How many graduates students did you have by 19407

KATZ: | probably had two, three or four at a time. | had a very
bad experience. It was partly ny fault and partly the
unreliability of a man who shoul d have known better. WIllard

Wl cox was a teaching fellow and ny first doctorate student. He
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took a problemon gas hydrates. W had these gl ass-w ndowed
cells and instead of having themin air baths, we had themin
water baths with an ordinary plate glass window, no mrrors. |
had worked on themin the roomat 3000 pounds. Brown and |
worked on themwi th a half-inch clear glass in front and we knew
what we were doing. WIIly was running the hydrate fornmation
condition for natural gases. One day he cane in and said to ne,

"l"ve gone to 4000 pounds," "Woa!" | said, "Don't ever,"” and |
made him prom se nme never to go above 3000 again. | said, "W
just don't know." He prom sed ne he would never go over three

t housand agai n.

Now Villard said ethane had a critical in the hydrate, so
Wl cox was | ooking for a high pressure critical, probably not
understanding it, of course. It turned out that ethane |iquefied
and therefore stopped going up in pressure and tenperature
abruptly. Fred Kurata, ny other student, shared the |ab and he
was in there about two weeks after this incident wwth ne. WI cox
said, "I got her to four, and I"'mgoing to five." Fred said,
"I"mleaving," and had gone through the door and was wal ki ng down
the hall when it went bang. The glass cut WIlcox so badly that
he died on the way to the hospital. Awul; he had been two years
with Dow Chemical in pilot plant work before becom ng a teaching
fell ow.

That started ne on the road to an interest in safety. But
the project was finished. | went on with hydrate work, but wth
Master's students only. WIcox got a posthunous doctorate.

BOHNING D d you continue the devel opnment of the reservoir
engi neering concept?

KATZ: Yes, | did, in a sense. Now, when | | ook back, | and many
peopl e did not use the phrase "reservoir engineering", but we al
understood it that way as a concept. W called it other things
along the way. John Cal houn was the first, | believe, who began
using it as atitle of a series of articles which |ater becane a
book, Reservoir Engineering. But | thought of it as that way.

BOHNI NG  What were the other terns that you used?

KATZ: We woul d descri be what we were doing; flow through porous
nmedia. W would tal k about the dew point of a gas, the
retrograde behavior of fluids, the effect of pressure on
viscosity. W would describe the physical phenonenon itself,
rather than use the term"reservoir engineering.”" | don't even
have it as an index itemin the Handbook. For exanple, one of
the things that we did was to show that if you know the
conposition of a gas and you know t he conposition of a liquid you
could tell if it is fromthe same reservoir or not. | did that
on Rodessa Field in 1936, | guess it was, for Phillips. They had
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a gas field producing gas and in the sane zone, down structure,
they owned an oil well. The Bureau of Mnes ran the anal ysis and
I showed ny col | eagues that the gas field was over the oil. They
were blow ng the gas off and selling it, and they shoul dn't have.
So Phillips nmanagenent knew that, you see. That was a reservoir
engi neering thing, a new concept.

| had the phase behavior, Standing ran the vapor equilibria
at 8000 pounds for me, and he neasured the density of the vapor
and the liquid with steel pycnonmeters. He is retired now, he
went through the grades at Chevron, running the |ab at La Habre,
and then becane their reservoir engineering teacher. He worked
in Norway for two years after he retired from Chevron, and then
he taught at Stanford for a while. Now he's at a retirenent
vill age south of Los Angel es.

Next was Fred Kurata; he got his doctorate with nme. He was
at [the University of] Kansas but he's gone now. He worked on
phase behavior in the |laboratory all his |ife, he measured
criticals. He did one of the retrograde condensation articles
(21). Charlie Winaug did the surface tension (27), the formula
that he came up with still holds. W're now | ooking at sone
parachors with a student fromlran for a neeting in Septenber
| ooki ng at the parachors for the heavy constituents.

A group in SPE [ Soci ety of Petrol eum Engi neers] put together
t he best papers on phase behavior; | chaired a session and had
presentati ons fromsone of the good nen fromthe oil and gas
conpanies, as well as fromBill Swift fromthe University of
Kansas. On it went: viscosity was Leo Bicher (28). W had the
rolling ball viscosineter but this had a turbul ence probl em at
high rolling rates. Actually Sage and Lacey did the rolling bal
viscosity data on methane (29). A preprint was distributed.
About three nonths |ater you got a new one; please throw the old
one away and use this one. | knew themwell enough to have them
tell nme what the problemwas at the next neeting we went to. It
turned out that, at high rates, turbulence in the crescent where
the fluid flows by the rolling ball was such that in the | ow
density region you didn't have a correct value and you coul dn't
calibrate it well. W didn't do that; | ran the nethane/ propane
system and at |ow density sone of our data was not too good.
The Reynol ds nmethod for viscosity uses only a snmall head of
hydrostatic pressure to push the liquid through an orifice in a
cell under pressure. I'mtold that Ed Cunmi ngs had done it with
et hyl ene at Purdue, and the people at the Illinois Institute of
Technol ogy in Chicago also did viscosities with the new type of
instrunent. Wat it amounts to is that it flows through a
capillary nore slowy under a controlled pressure.

For operating purposes in the reservoir work ny data showed
that the gas gravity could be used instead of nol ecul ar wei ght;
this was accepted as a good contribution. | did work with the
APl [Anmerican PetroleumlInstitute] on prediction. |f you know
the conposition of an oil, you can predict the shrinkage and the
solubility. | got the industry to send ne oil sanples and their
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results of solubility and shrinkage, and I cane up wi th methods
that fromthe gas oil/ratio and the gas and oil gravities, |
could tell thema |ot about the reservoir. | did this in 1938 or
1939. Dr. Standing nade essentially a full-time career expanding
that, plus phase equilibria that he did in his thesis. He has a
book, Volunetric Properties of the Hydrocarbons (30). It was an
expansion of this work | did on vapor equilibria, and very well
done. Standing received the Lucas Medal fromthe SPE before |
did. He's now a nenber of the National Acadeny of Engi neering
for his work. It was an extension of the kind of work that | had
done, but done so well for practicing engineers that Norway
wanted himto conme and teach there; he taught engi neers at
Chevron, worl dw de.

So | did have that interest. | dropped out of reservoir
engineering for oil fields at that time. Well, | had severa
cases, one with Cities Service and others. But | turned sone of
ny attention to heat transfer. | did that in the forties when
people went to war. | took up their problens and did Foust's
wor k when he was gone, and got into heat transfer with finned
tubes. | started and Knudsen finished a book on fluid nechanics
and heat transfer (31). | went into gas storage starting about

1949.

BOHNING Could we talk a little bit about the war years?

KATZ: Well, we had a large group to teach fromthe Navy, on a

t hree-senester year basis. | taught nearly all the tine. | got
two nonths off one year. One nonth | spent in Calgary working
with the governnent of Al berta on the Turner Valley field. | was
the governnment's witness on how to handl e gas and oil production
in the Turner Valley field. It was quite a thrill to be the
governnment's witness, and then to go to lunch with the man in
charge. They were fine people to work for, and I net some of the
ot her people, Ral ph Davis, for exanple, in gas engineering. Both
of us got introduced to different nethods of |ooking at things.
The second nonth | went to Erath, Louisiana. | was there in
April, near the end of the war. Roosevelt died while |I was
there. The work was on two-phase sanplings with pilot tubes. W
did a major project for the gas processor people, because they
had all these condensate wells and they had to know how nmuch
condensate cane from each because of the royalty. The plant ran
the wells for many people. They knew what each well was supposed
to do, and the yield of liquid for a unit of gas. They knew what
the plant rmade, and they divided the plant product according to
these individual well tests. It was a nuisance and very
difficult, so we coll aborated and showed how t hese things worKk.

The people in Ann Arbor did not get nuch into war research.
Rushton cane to Mchigan to teach with ne. He got into oxygen
production during the war. | didn't get into war production
work, neither did Brown. He was with National Dairy, | believe,
or sonmething of this kind. W did not get a major project |ike
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nost schools did. Brown |ater becane Chief Engineer of the
At omi ¢ Energy Commi ssi on

| did alot of little problenms. For exanple in 1943, Kell ex
Corporation, a subsidiary of Kellogg, who ran the Gak Ri dge
di ffusion plant, wanted sone tests run on heat transfer through
finned tubes. Chrysler Corporation was maki ng special finned
tubes, and they wanted to place banks of these thin tubes to find
the heat transfer coefficient on the outside of the tubes.
George Cooper fromKellex was sitting with us and he was
calculating the data as we ran it and reported it to Manson
Benedi ct, who was doing the design. W didn't know what it was
for at the tinme, but we were told that Chrysler had nade a
mllion feet of these intercoolers for the gaseous diffusion
pl ant at Oak Ri dge.

| was doing little things like that. O course | was
teaching all the tinme until 1946. | had a project wth APl on
t he design and construction of pressure relieving systenms. This
was started during the war, but ended afterwards. This was
safety again. W visited thirty refineries or high pressure gas
plants to see how they handl ed safety valves. Wat incidents
they had with functioning or inproper use; fires, of course, were
one problem | had an assistant, Nels Sylvander, who left there
and went with the Library, Pennsylvania coal project, then to
Pennwal t, where he becanme a director, and he's retired now. |
called himthe other day, on St. Patrick's Day, and | asked him

where he was forty years ago today. He didn't know | said,
"Well, I'"Il tell you. You were on the top of the RCA building
wat ching the St. Patrick's Day Parade down Fifth Avenue. | sat

with you." W had been to the APl headquarters that norning and
had nothing to do in the afternoon. So we went up there and
wat ched it.

This was another safety project you see, we have a bookl et
cal l ed Design and Construction of Pressure Relieving Systens
(32), an Engineering Research Departnent Project. W actually
built a small fire vessel and neasured heat transfer. This was
anot her safety project. W found many problens and |'ve done a
little bit of consulting. Eastman Kodak had sone problenms with
bl owout s under shock waves and so on

[ END OF TAPE, SIDE 5]

BOHNI NG  What effect did the war have on student enrol |l ments?
You had the Navy people, but the regular graduate students?

KATZ: We had enough; the halt and the lane. Mke Rzasa did this
[ Kat z di splays book]. This was done during the war (19), he
finished in 1946. | started it way back in the thirties, but I
didn't get it conpleted. His wfe typed it. M ke had poor

eyesi ght, he had to get a draft defernment. He tried from Yale
and from Connecticut. He wote and told themthat he was ny
assistant. "What was ny job?" "An assistant professor.” "A
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fellow who is an assistant in the first place can't ampbunt to
much."” But they didn't dare draft himbecause he couldn't see
wi t hout gl asses. Mke did a good thesis with ne; he did the
design problemw th ne for the gas processing industry absorber,
a new net hod of handling gas absorbers. | have it in the
handbook.

| had a round table of first generation i mmgrant engi neers.
| was the German, M ke Rzasa was Polish, Cheddie Sliepcevich was
Ser bi an, Fred Kurata was Japanese, George Preckshot was from
Latvia; we all were there. But CGeorge Preckshot got drafted and
went to China. He wote back and said he was on the Burma
Pi pel i ne Road, where the jetfuel was taken overland for Chiang
Kai Chek in a pipeline, and they lost half of it in route. He
was one of the patrollers. He wote ne a card and sai d t hat
there was nothing wong with China but the Chinese.

After the war we got up to 235 graduate students. W had a
policy of not passing very many though for the doctorate, so we
could have nostly Master's students. W had a | arge nunber of
Navy, as | nmentioned. W had an influx of a |arge nunber of
Indians. W had as many as fifty Indian graduate students or
advanced seniors. One of themwas Hori Sethna. Sethna was a
Parcee and returned to India. W had visited himin Bonbay in
1968 and he's been here since. He had been designated as one of
t he out standi ng one- hundred and twenty-five engineers, at the
125t h anni versary of our University. He becane the head of the
I ndian atomic work. He sat by Ms. Gandhi, when she announced
their bonb. By then he was head of their atom c energy agency.
Wien | went there, | visited himin Bonbay, then we went out to
Tronby. | gave a lecture to his people out there. W' ve been in
conmuni cation since about 1946.

W had fifty graduate students, one of themwas [G]

Tripathi, who went back to Benares, put up a school there. He
was Brown's student but he worked with nme on a paper too (33).

BOHNI NG  What about your other coll eagues in the departnent
during the war?

KATZ: W had several of them who were reserve officers who got

called up. Foust was one. | took over his heat transfer course,
then | took over Brier's. Foust was in charge of the test center
in Arkansas. | think Brier was at another test center in charge

of explosives. [Elnore S.] Pettijohn went to the Navy and he was
the executive officer on the ship that went into Guadacanal .

A. H VWiite had been a reserve officer in Wrld War 1. W
had four of out of eighteen of us go. That's what gave us the
effort to teach. | had children, and | was at the interimage.
The question never really arose about going. By 1941 ny children
were about five and seven. | was al ways teaching students, doing
things of this kind. |If the war had gone on |onger, | would have

34



been taken on as the technical director of a synthetic rubber
plant for Russia, but it never got off the ground.

BOANI NG How did that associ ati on cone about ?

KATZ: Sonebody was | ooking and cane to ne. W had a couple of
neeti ngs about who would be in charge if we were going to build
it in Russia. But | didn't becone further involved because the
war was too close to its end.

BOANING Was that fromthe O fice of Rubber Reserve?

KATZ: | think so, yes. | did sonething for the Reconstruction
Fi nance Corporation; a study of making natural gas into |iquids.
The Carthage plant in Texas. |If @ilf built the refinery using
one of their gas fields, and it didn't work too well, could they
salvage the refinery as an oil refinery? | |ooked at that
probl em for them

BOHNING | think you nentioned the Wl verine Tube Conpany
somewhere along the Iine. You had a |long association with them

KATZ: Yes, | did. Ed Young took it over when | becane chairmn
of the departnent. | passed it to himto share the
responsibilities. M son actually worked with himon it al ong
wi th another student. Ed had it until about 1980. A |ong
associ ation and a very good experience. W were their technical
heat transfer people.

| would go and see the field problens. W went to places in
ni ne states and gave two days of |ectures on design using finned
tubes. Had booklets and so on with it. Ed Young went into the
I nsurance consulting part. It was a nice experience. W alnost
had a book on Fi nned- Tube Heat Transfer, but |I had two books
going and we didn't conplete it. But we published sone 25 papers
on this topic.

Condensation we knew very well. Ken Beatty did a thesis on
that, a lot of good work. Jim Knudsen did his thesis on it as
di d Don Robi nson. Don Robi nson went into phase behavi or
thereafter.

BOHNING Was it at this time that you becane involved in
pr of essi onal organi zations?

KATZ: No, | did that early. | was very nuch inpressed with the
Al ChE, although | didn't join themuntil 1937, when |I got back as
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a teacher, but | did get their annual volunes. Sone of ny

friends at Phillips would buy the annual volunmes and sell themto
nme. | belonged to the Society of Petrol eum Engineers. |'ma
fifty-year nenber there. | was active as a student chapter

menber. George Hol brook and | were on a student commttee for
revising the departnmental curriculum Get rid of a couple of
courses and expand a couple of others. Wen | canme back to Ann
Arbor it had happened. You know we had the first student chapter
of the AIChE in Ann Arbor; A H Wite did that. | becane
secretary of the student chapter commttee in the forties, and I
publ i shed the sol utions of the student chapter problens. 1 did
that first thing. | was on the accrediting conmttee. Then I
got to run for council, had to run a couple of tines to get

el ect ed.

| started the Nuclear Division. W put on the first |arge-
scal e neeting on the peaceful uses of atomc energy in Ann Arbor.
We had 1200 peopl e, over one hundred from other countries. |
initiated that nmeeting in 1954 and was the program chairman. At
that tinme, the American Nucl ear Society hadn't yet been
organized. Then | did a joint meeting through the Engi neers
Joint Council, seventeen professional and technical societies
joined together, for a congress on nuclear energy in C evel and,
in Decenber 1955. | was chairman of the neeting where there were
205 papers. The Anerican Chem cal Society was involved, anongst
a lot of others. | worked at Oak Ridge in the sunmer of 1951

BOHNING | wanted to ask you about how you got involved in
nucl ear work?

KATZ: Carbide [Union Carbide Conpany] was getting professors to
come down to Cak Ri dge and becone involved. | took the job in
1951 for eight weeks. Anyway | went there, | worked on
honbgeneous nucl ear reactions and the physical behavi or of
fluids. Joe Smth and | wote a bulletin from Cak R dge (34);
think it was on water/nitrogen rel ati onshi ps and phase behavi or.
One of the students did his doctorate with nme on heat transfer

down there. | had worked on liquid netals earlier, with the Mne
Saf ety Appliances Conpany and | wote a chapter of the liquid

net al s handbook for industry (35). | nmet Admiral R ckover there.
| keep a record of fanbus people I've net. | nean to wite a
page or two about themwhen | think of it. | met Rickover at his
of fice when | was doing work with sodium potassiumand |ithium
at M ne Safety Appliances Conpany. | went to GE and saw their

work on sodium They asked, "Didn't | know I was talking about
sodiumin the nuclear reactors of subnarines?" and | said, "No, |
didn't know it before."

In 1951 there was a man from Carbide in charge at OGak Ri dge.
W went down at spring vacation for interviews, and | took the

job there for the sumrer. It was a very nice experience. Wen
came back | hel ped our school get a nuclear reactor by taking one
of our nmen, Henry CGonberg, down there. | got to understand this
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area. | was on the visiting commttee at OCak Ridge, and |ater at
Argonne. Floyd Culler was there. They had ne chairnman of the
visiting team w th nucl ear people.

At the 25th anniversary of the formation of the Nuclear
Society there was not one word in their article about the Ann

Arbor nmeeting. |I'mgoing to get soneone to help me wite an
article [about it]. 1've talked to one of their people and they
said that if you send us sonmething we'll publish it. There was a

m xture of people fromchem stry, nmechanical and other
engi neering involved in our neeting.

| organi zed the nucl ear division for the AIChE, | becane a
director, and of course | ran for vice-president, and nmade it,
against Walter Lobo. | did Walter Lobo badly. 1've known him
since he was with Kellogg. Wen he ran a second tinme, | started
a petition to get Stu Churchill on the list, and Stu beat him
But I hired himon an EPRI [El ectric Power Research Institute]
study of coal conversion. | have a high regard for Walter. His
wi fe was not in very good shape, the last tine | saw him a
coupl e of years ago.

BOHNI NG You cane back from Gak Ri dge as chairman of the
chem cal engineering departnent?

KATZ: That's right.

BOHNI NG How did that conme about? Brown was chai rman before
you, is that correct?

KATZ: Yes. He becane Dean. | was never anxious to be chairmn,
but 1 didn't want sonme people to be ny chairman. Selection of a
chairman was usually after canvassing the views of the faculty.

| took the job but I was never particularly good in getting new
peopl e in, because | never had a budget when | wanted to go and
hire somebody. We hired sone very bad people, Brown and nyself.
The department was not as good as it ought to have been. That
was nmy weakness.

My strength was to have an interest in all the faculty. 1[1'd
tell themthat everyone should want to see every other person to
succeed, try to help them and never to throw stones in their
paths to stop them That was sonething that isn't always true.
When there are difficulties at schools, it is usually that the
people aren't willing to work together with each other
har noni ously, and hel p each other, but where there is an
unheal thy rivalry.

| gave up the chairmanship voluntarily. | had a
di sagreenent with our dean; | had several disagreenents with
Brown before he passed away. Brown was a very capabl e | eader but
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he made deci sions by argunents. He'd argue with you. He and I
had adj oi ning suites of four offices with our students. W
argued in ny office alot. The library was across there; after a
coupl e of years they closed the door to the library.

Brown was a very good man, but after he becane chairman he
wasn't anxious to have people dispute with himor tal k against
some proposal of his. Finally, when there was sonething he
t hought highly of, | was the only one left who would explain the
reason why sonme of our people weren't in favor, but didn't care
to say it. \Wien he becanme Dean, he had one policy that | just
couldn't accept. That was to plan new buildings but not to

deci de what the building was to be used for until it was built.
He had an associ ate dean who had a policy of not putting any
offices in a new building. | said that every man woul d want an

of fice out of a | aboratory, you' ve got to build those offices or
nobody wll want to go there. He did build offices but he didn't
buil d enough and it's been all carved up since.

Brown and | did sone things together; we had a book together
(36). It was very bad to see himgo. He never admtted what he
had, his famly never acted as if he had cancer. He was a great
| eader in many ways, especially in the field of thernodynam cs,
doi ng good engi neering work for conpani es, teaching the concept
of thernodynam cs, and understandi ng what he was doing. Very
good.

BOHNI NG  What changes occurred when you becane chairman? D d
you have any specific goals that you set for the departnent?

KATZ: Well, | don't think so. Brown in his |ast days as
chai rman put through the book on unit operations. Each of us
hel ped. | was always his underling, so to speak. | knew things

he wanted and would want it done, so | would do themfor him |
hel ped to finish the book, although |I didn't wite too nuch of
the text.

In those days that book seened fresh, and this brought us a
gener ous supply of students. W gave sonething |ike 10% of the
chem cal engineering Ph.D.'s in the nation during the decade when
I was chairman. W were paralleling MT, probably 90 or 95 % of
their output. Qur people were engineering-oriented. The current
Presi dent of the Al ChE was one of our students, but who didn't go
on to a doctorate program | wote papers on such subjects as
maki ng a professional engineer (37); without having all their
effort going into research, but getting sone know edge about
managenment. Getting sonething of conmunication, and even mnaki ng
a doctorate in engineering. | made a proposal like that for the
ASEE [ Anerican Society of Engineering Education].

| felt that our second-year graduate courses that sone of
the Master's nen could take, really nade them [I'll put it this
way. We had a man call us once, and he had one of our Master's
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graduat es, not an outstandi ng student, but a good one. He wote
that he had hired |l ots of engineers, but never anybody who | anded
on his feet, who could be of use to the conpany in the first two
or three weeks, |ike our man did. W had design problens for
them For exanple, design for taking the propane and butane
fractions out of natural gas after it came to Mchigan fromthe
@l f coast. | knew the two people who were designing for this.
The | osing bidder was a friend of m ne, he gave ne his design.
W went to see the plant as it was being built, and watched the
operation, and | gave thema course. The design course was to
sel ect the process design, and | would present the two
alternatives and |l et them choose how they were going to do it.
We had that kind of second-level design course. | stepped down
as chairman in 1962 when we weren't yet geared into computing,
but I did get intoit. This is a subject we should discuss
soneti nme.

| was really thinking of nmaking each faculty nmenber do well.
Be successful, do research, do engineering practice, do good
teaching, and prove his appointnment to full professor after he'd
done a | ot of good worKk.

[ END OF TAPE, SIDE 6]

BOHNI NG We want to tal k about the advent of conputers and how
that was introduced into the curricul um

KATZ: Cheddi e Sliepcevich had used the conmputer at Johns Hopkins
or somewhere for getting some nunerical functions for his |ight
scattering phenonena (38). He was interested in conmputing, and
some people in research were using the conmputer. | believe it
was the 650 we had and | becane aware that it was an upcom ng

t hi ng.

Once, a man from Standard of New Jersey cane and sat in ny
of fice when | was departnental chairman. | asked him "How | ong
woul d you say it would be for one of our new graduates before he
was using the conmputer? Wuld it be two years, three years; how
| ong?" He said, "Why don't you say two or three nonths?" | had
to say to him "You know, we aren't preparing our students for
that sort of thing; it's tine we did." So it was Sliepcevich and
Joe Martin;, he was a mat hemati cal person too, who taught a math
course. | suggested they get an exanple problemand run it
t hrough, then arrange | ectures on progranm ng for our faculty and
graduat e students. W held the first lecture in February, nust
have been 1958 or 1959. An icy evening in an old building in the
University, and two hundred students and faculty showed up. That
was intense interest. W put out an exanple problem and we
wote a proposal to the Ford Foundation, who then financed a
project for us at the University, for, | don't know, $250,000 or
$300, 000.

A fellow by the name of Whody Craig, | believe, was deputy
to the head man of the Ford Foundation when they were going into
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engi neering. They gave MT a mllion dollars then, or nmaybe
nore, and some, | believe, to Caltech and other schools. Qur
project was put together to give us funds to teach our faculty
and graduate students well enough so that they would know how to
put conputers into the teaching process; for engineering itself
not just for research. The Ford Foundation came back shortly
after with a project, with a $900, 000 budget, provided we took it
on as a national project, which we did.

| think we got it approved in 1959. | visited ten selected
school s; MT, Pennsylvania, Chio State, Illinois, Wsconsin,
M nnesota, University of Texas, Ceorgia Tech, and | suppose,
Berkel ey; anyway | visited ten schools. 1In all ten schools, I

found only one problemthat had been given to undergraduate
students. A statenment of a problemand its sol ution was
avai l able fromthe head of the conputer center at CGeorgia Tech
who was al so a professor of engineering. The only problem
knew Gordon Brown at MT through a conmttee, the Comm ssion on
Engi neering Education, and I knew a | ot of the other |eading

figures. The head of civil engineering at Illinois. So | knew
some of the conputing people. That was through EDUCOM [an i nter-
uni versity comuni cation council], | guess. Anyway, | went to

Gordon Brown and he assenbl ed sone of his people because they had
not yet addressed the subject. Al ways there were sone ol der
peopl e who said that this would not anount to much, a nmere flash
in the pan.

The M T man who was head of naval engineering said, "FolKks,
you're just off the beam the nbst a student will ever do is
this. You'll say to them see this pack of cards, I'Il put it in
here and 1'Il take the print-out and I'll say, 'Now there's the
solution to your problem' That's as close as a man will ever
come to the conputer.” But Brian, the commttee nman from
chem cal engineering said, "Ch no, you don't understand, the
conmput er uses a new t hought process, you have to organize
yoursel f. The organi zati on you have to do to put it on the
computer will give you a new way of |ooking at things; that's the
val ue of the conputer. And, of course, the rapidity with which
you can do it." The man fromcivil engineering was working on a
program hi nsel f, cal culati ng how nuch earth is required to make a
new road, and that sort of thing. The young people, they just
cl obbered the old folks. | sat there and just |istened.
renmenber the same thing at the University of Pennsyl vani a.
Everywhere | went | found two or three keen, younger faculty.
When | cane back | selected 150 people over a three-year period.
| got three years fromthe Ford Foundation, and two years from
the National Science Foundation for the project on the use of
conputers in engineering education. W put on designs, on-line
designs, from 1954 to 1965. Each person who cane to us for their
sumrer senester had to do sone exanpl e problens; we published
themw th their solutions. Then we sent the volunmes to every
engi neering school we knew of in the free world.

| went to Brazil to teach for a semester in 1963. That was
at the end of the Ford Project, and the beginning of the design
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one, and while | was there | visited Argentina. | went into a
Dean's office to make nysel f known, and he said, "You nust neet

t he young man who runs our Conputing Center.” Wen | net him |
saw that he had our reports and was using them It was
wor |l dwi de. At the end of our project we issued reports for the
various divisions of engineering, chemcal, civil and so on. And
we had a big conposite volune, with everything init (39). W
really started the thing, but it was very slowin comng. People
who had not had it as a young person, did not |earn enough to
synt hesi ze problens. | was one of those, you see. | taught a
course of introductory conputing, and | did the recitation, but
not give any lectures. Now it's here, but it was slow in com ng.

BOHNI NG What kind of nonetary support devel oped to provide the
new equi prent ?

KATZ: Well, you understand the $900, 000 was used to help the
Conmputing Center, but we tested small conputers, the Bendix 15 or
what ever it was, and another one. W tried the small conputer in
our | ab, where people could cone and use it or the bigger one,
the 704 afterwards, finally the 360. Wat we found was that
peopl e woul d be happy to use the | arger conmputer, because it
woul d do extensive prograns nore quickly, but they had to stand
inline two hours. So they'd conme and do it thensel ves on the
smal |l er conmputer. That's what we |learned. It was really the

di scipline. W brought in a man fromBell Labs to |ecture on
conmput er appreciation, a course which should be given to every
person that goes to a university.

We put on lectures. W had | ectures on nedical diagnosis
with the conputer, on synthesizing nusic. W tried to nmake an
i nfluence on the University. After we got this project, our math
departnment started a course on the basics of conputing, through

the Conmputing Center. It was a cooperative project with the
conmputing center. | organized a comrittee at our college, a man
fromeach departnment and nyself. | got zero cooperation out of

the Dean's office, you see. That was another thing with the
Dean; he wasn't going to help nme. He appointed a new conmttee,
and | already had one, didn't even know we had ours going. The

Ford Foundation had one question. "WAs | going to be in charge,
if they gave us the noney?" See, they knew the situation.
Anyway, | was only the nmanager or the pronoter, pushing the right
peopl e, | guess.

BOHNI NG When conputer science developed, did it end up residing
in the Coll ege of Engineering?

KATZ: No, they had them both. But they've since nerged, |
believe. It's in electrical engineering now Then they were the
bi ggest foot draggers. They weren't into it yet. They were

har dwar e ori ented, not program oriented.
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Elliott O ganick was one of our graduate students in phase
behavi or, who went to the University of Houston as head of their
Conmputing Center. | got himto come to be the technica
director. He wote the Fortran Primer, but he also wote the MAD
Primer, and we are using the MAD | anguage, which is a superior
system at the tine ahead of the recent Fortran 4. He died | ast
Decenber; he went to Utah to head up a conputing science
departnent, not an engineering but a science departnent at U ah.
Before he went there he had been to MT to consult with them for
a year. They had himcone to help them set up the educationa

programfor MT. He was our first man. | had another man from
Kentucky, and the third man was Brice Carnahan, who's still wth
us.

BOHNI NG How did the Al ChE respond to the advent of conputers in
the education of chem cal engi neers?

KATZ: Very well, they have CACHE. It's now a private
corporation run by chem cal engineers for chem cal engineering
faculties. Monsanto gave themtheir process design prograns,
some ten or fifteen years ago. Qur people were involved, and
there is a division nowin the Institute of Chem cal Engi neers.
|"ve forgotten the exact nane of it, but it has to do with
conputers in mathematics. Carnahan received one of the awards
there. 1Its a national thing. Are you famliar w th EDUCOW

BOHNING Only through sonething that | have from you.

KATZ: EDUCOMis an inter-university consortium | was active
with it because, in 1966, JimMIller, who organized EDUCOM i n the
first place, asked the University to have ne go to Boulder. 1'd

started the overview commttee for university conputing. So |
went to Boul der for three nonths and hel ped themwite a book
cal |l ed EDUNET (40). This was supposed to be a conmuni cation

net wor k, between universities with conputers and for all uses of
technol ogy in hel ping universities function, both educationally
and in business aspects. MIller went on to be president of the
University of Louisville. He is a psychol ogist, and was head of
Mental Health Research Institute in Ann Arbor. He's kind of a

t hi nk-tank person.

| got on the Board of EDUCOM as a consequence and, the first
thing I knew, they had ne chairman of the Board. They had a man

as president who was just ill-fitted for the job. Hired him

wi thout realizing that he knew what the universities wanted. He
woul d not visit any. He said, "I don't need to go, | know what
they need."” For exanple, bibliographical data banks. Howto
find things. | had themall organized, ready to have a neeting
on data banks, what they were, where they were, and he let it
drop like a hot potato. | said we should get rid of him and we
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hired Henry Chauncey, who had just retired fromthe Educationa
Testing Service, as our chairman. W noved our offices from
Boston to Princeton. He was an associ ate dean at Harvard, |

t hi nk, when he went there in the first place. He's got Harvard,
Stanford, MT, and these schools going, and it's a grow ng
institution now, 160 schools are in it. Qur CACHE woul d be one
of the ideal ones. | don't know how they handl e the tel ephone
i nes, whatever they use for conmunication, but they do have a
series of progranms for chem cal engineering, that's anong their
best. The best exanple for EDUCOM showi ng how a profession
shoul d do this kind of thing.

We al so have a M chigan State/\Wayne State Conputer Program
Merit, | believe it's called. | was aboard on that. | presented
the budget to the joint commttee of the |legislature, to get this
thing going as a line itemin the state budget. W have Chem ca
Abstracts on line, and we share the cost between the three

schools. 1've been pronoting things like that. But |I'm not
really a mathematician. | did take a | ook at informational
science as it was comng along. In fact, I wote a report for
our college. | chaired a commttee for the Engineering
Foundation in New York in EJC, the three engi neering

organi zations in the Engineering Center in New York. | was
presi dent of the Al ChE, when we dedicated the building. | went
there and nmet Herbert Hoover when he turned the sod. Chemi cal
engi neering has done pretty well in conputing.

BOHNI NG What's the situation in Mchigan in ternms of building
it into the curricul unf

KATZ: It's coming close. I'mnot really involved in it because
|"ve been out of teaching for ten years. Essentially, conputing
Is available to everyone, alnost as nmuch as they want. The
teachers are using conputers in their instruction pretty

t horoughly. Textbooks are now bei ng published along with a book
of disks. In the book that I'm now working on with Lee |I'm
suggesting that he prepares a set of disks for problemsolutions
and essentially get those royalties.

BOHNI NG | couldn't help but think, as I was | ooking through
t he Handbook of Natural Gas Engineering (2), how nmuch help a
conmput er woul d have been when you were doing a | ot of those

di agrans and cal cul ati ons.

KATZ: Yes, it's true. For exanple, on the vapor/Iliquid
equilibria, 1'"ve run at |east one thousand cal cul ati ons by hand.
Slide rule and then a small calculator. Wen | gave |ectures at
Mar acai bo at the Universidad Del Zulia for students of gas

engi neering, | canme back one day and | said to ny wife, "You
know, they've got little desk conputers, and they get the answers
before I do on nmy slide rule.” She said, "Well, it's tine you
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got a conputer for yourself.” And, of course, | have.

| had an Anmerican Gas Association project on retrograde
condensation in natural gas pipelines (41), and of course | went
back and renewed nmy work in the field of phase behavior. Wth a
young | rani an student, Abbas Firoozabadi, and another young nan,
Hekim | set up a programfor depletion calculations (42). W
used extended analysis. W'd go up to Cl15, C27 even. W'd even
had generalized properties to C45. Take a reservoir and apply
the conmputer program and it will run off a dewpoint, then it
will run off a depletion at specified pressure drops, and give
you the conposition at the well head. The conposition of the
vapors and liquids in the three separators in a row. It wll

conmpute all three. 1'd judge it would take soneone a full year
to calculate what this thing does in two mnutes. It's just
astoundi ng. Because, you see, often there are thirty
constituents and sinmultaneous equations. [It's just inpossible by

trial and error. So | did get into conputing with that a little
bi t.

BOHNI NG  Since we've nentioned the Handbook -- | think what you
gave nme is the Russian title page. Could you tell nme nore about
t hat book and how it originated?

KATZ: It is one of the things that Brown and | did for the
University so long ago. A sunmer session Dean, Harold Dorr,
wanted to start a continuing education programfor industry,
outside of the university's extension division, but it got down
to teaching real estate and a few other things. Not nuch pay for
the man who did it, and he only did it because he couldn't get a
better job. It wasn't very good that way.

So we started this in 1953. The concept was that, first, we
woul d make fresh course notes. Second, the teacher would be paid
| i ke he was doi ng consulting work, or something conparable, so
that he could do it without financial sacrifice. Finally, it
woul d encourage himto get the notes into textbook form It
started in 1953 with phase behavior, and at the end of the two-
week course, we had a two-day synposium on phase behavior to
whi ch several of ny forner students cane and asked, "Wy didn't
we wite a book on this subject?" There are six co-authors, five
of them actual students at the tinme and the sixth was a person |

had worked with about twenty years earlier. They wrote certain
chapters, and I wote others. O course | was responsible for
everything in the end. | was going to call it a Textbook of

Natural Gas Engineering. Wen McGawH Il got it ready to sell,
it was so expensive; eight hundred pages, eight and half by

el even inches, twelve hundred references. O the six hundred
figures in there, two hundred and fifty were from ny papers.
Many quantitative figures are used in engineering. They said,
"It's so expensive,” and | said, "It's |ike a handbook." "OCh,
we'll call it a Handbook of Engi neering."
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There was one little flaw that wasn't appreciated that |
still have trouble with. The change in title imediately took it
out of the college division and put it into the industrial
division. They didn't even put it in the college book catal ogue.
I"d fight with themand they'd put it back in, and then | ater
leave it out. I'mstill having that trouble with the new book
It should be half and half; college division and the industrial.
About fifteen years ago, sonmeone fromMGawH Il wote to ne to
say that the sales were down a little bit, and that nmy royalties
woul d be halved fromnow on. | wote to the conpany president,
"Look at the kind of letter I"'mgetting fromyour outfit.” In
the first place, the sales weren't down. But he fixed it up for
me. In any event, it has sold now for twenty-six years. 1In the
| ast six years, until maybe last year, it has sold better than
since its second year. Half the sales are international. An
Iranian that | got to know well is using ny book. | visited him
in Scotland two years ago -- he had to | eave Iran, when the
revolution came. He was telling his daughters about ne, and |
said, "Well you're really tal king about ny Handbook. Tell n®e,
what's good about it?" "Wen | pick it up and read it, | feel
i ke the person who wote it, that | actually did this and
understood it. Feel | didn't read it out of a book or an article
somewhere.” In a sense that's what nade it sell. It's really a
conpendi um of the phase behavi or, reservoir engineering type
material; not oil recovery, but for handling gas, that was known
as of 1957.

BOHNI NG  Had you updated it at all?

KATZ: That's what |I'mdoing right now But it can't be a full
updati ng of everything. Sone chapters are going to have to be

| eft out, because I'mwiting it as the production and storage of
gas, hardly any oil recovery. 1've got to keep the size down and
make this edition sal eable.

BOHNI NG  You did a lot of consulting work on pipelines.

KATZ: | did work on the natural gas pipeline. You have to get
engi neering studies of the reservoirs that supply the gas. Then
you have to get storage places near the nmarket, because you can't
afford to bring all the gas needed on a cold winter day fromthe
source a thousand mles away. So | worked on both ends. |
started working on expanding the M chi gan-W sconsi n Pi peli ne,

whi ch cane from Texas to Detroit and M| waukee. | studied the
Hugot on reservoir in Kansas, and went on down into Cklahoma and
Texas.

| did alittle problemwhere | said | calibrated the
geol ogi st. That was a bad thing to say, because it really gave
theman inferiority conplex. Geologists are quite often
qualitative although they're getting nore quantitative all the
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time. They |looked at the core cuttings cut with a drill. They
were going to look at at twenty bags of cuttings for seven
hundred wells. Twenty bags of cuttings each well, and seven
hundred wells, to find what kind of porosity the cutting showed.
They had a classification systemfromzero to seven, and |

i nqui red what porosity is represented by nunber five. "Oh, we
don't know, we are going to have to find some way of judging it."
| told themthat I would find out for them | gave the sane team
of geol ogists, five of them these two thousand cores, that had
al ready been tested. They classified themand | took the data
and showed what the grades really neant in terns of porosity and
pernmeability. It proved that the eye of the geol ogi st was very
good. The data nade a beautiful curve.

[ END OF TAPE, SIDE 7]

That was the calibration of the porosity and the
pernmeability values. It was very hel pful and we won the case.
Fromthere | went on to finding the deliverability and so on of
two ot her pipeline cases. One was the American/Loui siana, going
fromLouisiana to Detroit. The other one was fromBritish
Col unbia and Al berta into the West Coast, the West Coast |ine.

BOHNING Did you do anything on the Al askan Pipeline?

KATZ: Yes, on the oil line. | reviewed a bit of this for a
consulting firm If the line stopped for a period of tine, say
three weeks, in the arctic winter when it was forty bel ow. How
long would it take for the oil to congeal so nuch that fl ow

couldn't be re-started? The pour point on that oil is thirty-
four degrees. W made cal cul ations and | ooked like in three
weeks they would still have sonme novable oil in the mddle of the
pi pe head which was 48 inches in dianeter. |1'd been there before

the field was devel oped fully, when just fifteen or twenty wells
had been drill ed.

| was the process design consultant on the proposed gas
line. The chief engineer of Detroit American Natural Systens
said to me one day, about mi d-Decenber, "Wiy not build a LNG
[liquefied natural gas] line?" and | said, "Oh, it's too cold."
| let it go but I went hone and designed what | call a dense
phase |line. A dense phase is a natural gas pipe |line, say, siXx
to ei ght pounds per cubic foot, whereas a normal line is at 1000
pounds. Liquefied natural gas at -259°F is 27 psi. |If we nake
It about nineteen pounds, and be just below the critical of
met hane, close to -120°F, and keep the pressure always up at five
or six hundred pounds, never let it drop below that, and you can
carry it through. | nade a hand cal cul ation design for the line,
and, instead of 48 inches, | could use 36 inches pipe for the
sane flow. Questions cane up such as nickel steel versus
ordinary steel. Another question that cane up was that state
regul ati ons were not available that applied to that kind of
pi peline. O course you' d only take a dense phase |ine through
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permafrost, | believe. This concept is still being | ooked at.

My son was at Arco, he's taken an early retirenment because the
whol e group of the research people that he was involved with were
| et go when they had this consolidation last fall. They were

| ooking at it for bringing it to, say, Cook Inlet, for Japan. As
they couldn't take the gas fromcrude to Cook Inlet, which can be
made year round shipping, they m ght consider a dense phase

pi pel i ne.

| also got into a simlar area. Colunbia Gas was trying to
sell Esso an ocean shipnment process; they wanted Esso to sign a
secrecy agreenent but they wouldn't. Finally they agreed to hire

soneone to arbitrate. | was sel ected. It wasn't a very hard
job, just to interview both conpanies. It was this dense phase;
they were going to build high pressure tubes and fill themwth

this high dense phase. They would not |iquefy, would only cool
it to -90°F and save on a |lot of refrigeration. The only trouble
was that they did not have refrigeration aboard, and they could
not have it boil off. 1t was only for a short haul, across the
Medi terranean really, but Esso decided that they couldn't buy it.

So | was involved in the gas line, but it never was built.
Federal Power Comm ssion required two applicants, and, of course,
a second one cane in and, through sone environnmental activity,
they got the bid. They changed it from being the best haul er of
gas, to going along the oil pipe line and the Al askan Hi ghway,
regardl ess of the fact that you really didn't want to go that
way. But the environnental people won, you see. But we did
conpare a dense phase and an LNG and it showed conventional. The
peopl e of the Alaskan line that | worked with, WIIlians Brothers,
used a chilled conventional with twel ve pounds per cubic foot of
gas. But they had to put tires on it, because the pipe would
have a | ong-di stance ductile fracture if it hyperfractured.

BOHNING | have a list of other things that you have been
involved with, not in any particular order. The first one you
had nentioned earlier, and that was that trip to Brazil. Wre

you on a sabbatical when you did that?

KATZ: No, | just took tinme off for a senmester. |'d given up the
chai rmanship the previous year. 1'd always wanted to do
something of this kind, to be anay. So | took a job of teaching
one senester in Roin the first half of 1963. Started a
fulltime teaching program where the students studied during the
day, not part-tine. They had only nine students at their
Master's level. They were all subsidized, people who were
instructors el sewhere. | taught thernodynam cs and heat

transfer. | tried to look for a source of textbooks; the
Nat i onal Research Council, people like that, the library system
If you wanted to get the ASME [ American Soci ety of Mechanica

Engi neers] transactions, you had to call Sao José dos Canpos, the
school for the mlitary there [Instituto Tecnol ogi co de
Aeronautica], and have it sent because there wasn't a copy in

47



Ri o, even though they have a school of nechanical engineering.

Last week | had a visitor who teaches there. He's trying to
start a |laboratory of phase behavior, especially of gas hydrates,
with which I"'mvery famliar. He invited ne to cone down next
year for a short period. Anyway, in 1963 it was time to renew ny
studi es and get back into research, after 1'd been depart nment
chairman for el even years.

BOHNING Did you do any advising on their curricul unf

KATZ: | visited Bello Horizonte and Sao Paolo to see the deans.
Their university people were not really able to do good work
because they all had other interests. Their pay was not very
good so they had to nake an outside living as an engi neer and
that is difficult. Wat they paid ne, and it was consi dered
quite high, paid ny rent only, period. | also had a fellowship
fromthe Organization of American States. But even with that,
figured it cost me $10,000 to go there for that senester.

BOHNING Did that develop any rel ationships with the people
t here?

KATZ: Several people followed ne -- fromFlorida, sonebody from
M nnesota, and other places. It is now a going concern; the
school has fifteen faculty, with forty graduate students.

They're going strong right nowso it did really initiate a

program that Latin Anerica had not had previously. | visited the
University of Mexico in 1960. Chem cal engineering or oi
engi neering, | don't remenber which, had two hundred and ten

faculty, but only ten on site, sonmething like that.

BOHNI NG W' ve touched on safety before, and your interest in
safety devel opi ng out of that unfortunate incident in the

| aboratory, but you've been involved in a nunber of other aspects
of safety as well. Could you discuss that briefly?

KATZ: Yes. | gave a paper for the National Acadeny of

Engi neering, about 1970 on safety in the petroleumindustry
(43.). They were getting ready to have a neeting on the topic of
safety, and | brought together the senior safety person from Du
Pont, Dow Chemical, Sun O l, Natural Gas Pipeline of Anerica, and
| guess one other. | asked them "What would you do with a ten
mllion dollar budget to inprove safety?" Sol Queener of Du Pont
said, "Wt had el even people killed at Louisville, where they were
usi ng acetylene to make synthetic rubber. For each plant, | got
t oget her the people who designed it, the safety division, the
fire division, managenent and the operating division, even to the
shift operator level." He explained how he required themto
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exchange i deas and problens, to keep m nutes and record the near
m sses, to nake recommendations and to make annual checks on the
action taken, to conmpare intentions with action. He said that
over the next few years they had the finest safety record ever.
This was part of ny paper, and of course other people chipped in.
As you know, the petroleumindustry has a relatively good safety
record. At that time, this would have been the divisions of the
oi | business; refinery, chemcal, pipeline, and production. It
did not include the auto accidents of enployees traveling to and
fromwork, but on-the-job accidents. There were seventy-five
fatalities per year, for that whole big industry, which was
relatively low. | tried to say this, | tried to work with
American Standards Associ ation, but they brushed it off, they
didn't understand. | read every case of the seventy-five
fatalities, to the extent that there were records in the API. In
a fewcases the causes were materials; materials failed or corroded.
Most of them were managenent systens probl ens; sonebody di dn't
know about this, or that, what to do. | suggested this systens
review concept, and | told the Standards Associ ation that they
shoul d have a nodel systens review for safety procedures, w thout
bei ng specific about any particular type of plant. Have this
kind of policy that Queener described, with an input from your
comm ttees, just like you do with any ot her standard. Pipes don't
rupture, because you have a good standard, you've got a boiler
code, you' ve got all these other codes. That is what | recommended,
but they gave ne the brush off. It was about the tine they were
goi ng through a change of nane and organization. | don't even
know what the nanme is now, it used to be the ASA, Anerican

St andard Association, its not that now [Anerican Nationa
Standards Institute; ed.] That's one of the things |I was doing.

Anot her one was in 1964. The Research Council of the
Acadeny of Sciences asked nme to organize and chair a commttee on
Hazardous Materials, advisory to the U S. Coast Guard. | did
this from1964 to 1972. W set up a wonderful group of people.
For exanpl e, an organic chem st fromthe research departnment of
Phillips Petrol eum who was not at all involved in regul ations.
He was a wonderful person to cone and classify chem cals; the
hazards in fire, odor, inhalation, and skin absorption, auto-
ignition. We got into pressure relief, the ability to ignite by
el ectrical sparks and so on. W had a team of people who really
wor ked. Sonmeone expert in fire codes, people fromthe insurance
conpani es, as well as chem cal conpany people. The Coast CGuard
peopl e were always sitting with us. | net Garnett who was the
Coast Guard Admral in charge of merchant marine safety. There
was a barge in the mddle of Cncinnati with chlorine on it,
about to turn over. | was sitting with himdiscussing what he
shoul d do and what advice he should give the | ocal people.

So |l did this up to 1972. Ch, we had a neeting in 1969 in
Rotterdam Went to Rotterdamand nmet with the European conmunity,
and | chaired the neeting there. Rotterdam which is not really
a port but nore of an industrial conplex, particularly those
i nvol ved in marine shipnents. They had strict nethods of
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handl i ng hazardous material. Wen you cane in to port you have
to let them know what's in your cargo, and they nake you go
certain routes if you have hazardous materials. There are
certain rules you have to follow, and certain places you have to
stop and unload. That sort of a thing. Barge traffic was

i mportant as well as ocean vessels.

| got involved a little bit in the very |arge crude tankers.
One bl ew up and sank on the way from Africa to England or
somewhere. The crude tankers going back enpty woul d hose out
their tanks rather than fill themwth inert gas. Wen you spray
water or any fluid but, | guess, water particularly, you can set
off a spark. Just like a rainstormand lightning, and that's
what caused the explosion. Mbil built a new carrier, and they
got the best experts but failed with the inerting. On the first
trip they blew out hole in the deck that was as big as a footbal
field. That's the kind of problemwe were |looking at. W had a
man here in Ann Arbor, Arthur D. More, who was interested in
static electricity, particles and that sort of thing. There are
a lot of potential problenms of that kind. | was trying to direct
theminto these matters but | thought that after about eight
years | should back off and | et sonebody else do it. Then it
deteriorated sonmewhat; the executive at the Acadeny and the
Admiral's assistant at the Coast CGuard didn't get along, and they
called it all off. About three years later, they asked nme to
come back, which | did for a couple of years to try to start it
up again.

BOHNI NG Were you successful ?

KATZ: Well, | never did know, it seened to be going along. W
were | ooking at medical problens as well. [|If a person was
handl i ng, say, five cargoes on a given day and one was benzene,
and one of themwas sonething else, would the interaction of
substances fromthe various cargoes in the human body be nore
hazar dous than the individual ones? W were still |ooking at
LNG W had this problemw th LNG that | nentioned earlier.
wote the report for the Coast Guard on the result of the
superheat limt explosion, how it would happen.

| also analyzed the S.S. Marine Sul fur Queen. This was a
ship from Houston to the Phil adel phia area carrying nolten
sulfur. | believe the nelting point of sulfur is about 240°F.
I[t's much better to carry it nolten. Modlten sul fur above the
nmel ting point generates sul fur gases, sonme of which are
autocatalytic to ignition. The ships have a ventilation system
to take care of normal ventilation. The Sulfur Queen was off
Florida in a very bad storm and the |ast signal was that they
were in a very violent storm A couple of lifeguard rings were
found, that's all: thirty-three men lost. M analysis showed
that the conpartments had a 20 foot head of nolten sul fur, and
that, with a density of 1.8 or whatever it is, is quite a
hydrostati c pressure; about eighteen pounds. At 18 psi the
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sul fur woul d absorb the generated gas. Then, if you had a
violent storm the rocking of the ship would cause the nolten

sul fur at the bottomof the bin to conme to the top where it would
bel ch, and the ventilation would not be able to handle it. They
must have had an explosion in the |layer between the nolten sul fur
and the bottom of the deck and it just blew the ship apart.
That's the kind of thing | did for the Coast Guard. Various
reports were published, especially the list of 200 chem cals and
their hazards (44).

BOHNI NG Wile we're tal king about safety, we nentioned this at
lunchtinme ...

KATZ: Dikes around the tanks. That's the system again the
system Sone Phillips people cane to our neeting when | was
speaki ng about what caused the explosion in the Bureau of M nes
test. They presented a novie and sonebody asked a question; the
speaker said that methane is normally a vapor, so if it spills it
wi |l vaporize automatically. | said that | hoped that no one
woul d ever say that again after C eveland, because it doesn't.

It was sinply that the LNG got into both the front door of the

| aboratory, and got down into the sewers, and canme up in these
hones. Wthin the first two weeks they settled sonmething |ike
eight mllion clains. It was the largest industrial disaster
before Texas City.

BOHNING | didn't realize that so nany people in the | aboratory
were killed.

KATZ: N nety, | think, out of the hundred and twenty in the
| aboratory were killed, including the man who was the head of the
desi gn team

[ END OF TAPE, SIDE 8]

I"mtold a person was driving around and this LNG was in the

at nosphere, where it would ignite and the paint would curl off
the car fromthe heat radiation fromthe fire up above. Again it
was the safety of the system The particular tank was a

wat er nel on- shaped vessel that the Pittsburgh Des Mdines Steel
Conmpany [now Pitt-Des Mines Inc.] made. It wasn't a copper
sphere. Two of the copper spheres were full and I think survived
the whole affair, without rupturing or anything. They were
intact at the end. O course they had a cork insulation, a
copper inside jacket, and outer steel shell

BOHNI NG You al so did sone work on conpressed air storage.

KATZ: | should tal k about underground storage; natural gas

51



first.

BOHNI NG W haven't really tal ked about that at all.

KATZ: | told you about the continuing engineer education in the
sumertime. | started a course in underground storage in 1959,
and every two years | gave a two-week course, and, as tinme went
on, we cut it down to a one-week course every year. Dr. Tek was
ny associate until 1981, at which time we separated ways, and now
| give it nyself. | gave it last June, and |I'mtal king about
doing it again next year.

| consulted with five conmpanies in the last year. |'ve been
with one since 1949 or 1950. East Ohio and Southern California
Gas Conpany for about fourteen years, and a lot of little
conpani es for short peri ods.

So |'ve studied gas storage. By the tine | got to 1966 ny
notes were big enough to be called a book, so I published it
nysel f here, Underground Storage of Fluids, with Keith Coats
(45). Keith Coats was one of our students who taught a while
with us before he went to the University of Texas. He left that
to organize InterConp, a sinulation conpany. Various people have

come in to help ne, but | essentially give the course nmyself. It
is really a handbook; ny present notes are the draft of the new
book. | had twenty-one attend this past year; probably half of

the people with technical functions in reservoirs and gas storage
have been at one of ny courses. O course, a |ot of them have
gone up into managenent. One of the fellows who cane to the 1959
course becane chairman of Peoples Gas in Chicago, diff Davis.
It's been helpful in relationships with gas conpani es.

BOHNI NG  Were did the early works start?

KATZ: In places like Pittsburgh, where they would take out from
an old gas field in the winter and let it rest in the sumer.
Then they put the summer excess in and soon they were putting it
in during the sumrer and taking it out in the winter. But the
storage fields I"mtal king about are ones with a field designed
to fit the reservoir, with new piping systens, extra wells, even
new wel I's, and which go to a higher pressure, even to a discovery
pressure.

W' ve had nonographs on the novenent of water (46). | was
invol ved with the aquifer storage fields, where a gas bubble is
created by pushing the water out. Illinois and |Iowa have nost of
the aquifers. The conpanies |I've worked with have aquifers
there; Northern Illinois Gas Conpany, that | still work wth,
have the | argest aquifers and have got one field with 160 billion
cubic feet; 1.9 billion cubic feet of water displaced to create a
gas bubbl e.
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It's a tremendous thing; they can put into the Hersher
Field, the first one in that area. Thirty mles fromthe gas,
conpanies in the center of Chicago can turn in nore than one
billion in an hour's notice, at any tinme. They can get a billion
feet per day in the Detroit system out of free flowfroma field
in one of the reefs. Consuners Power has a simlar one; Northern
Detroit is Consuners Power territory, you know, up to Bay Gty
and beyond. They started with Royal Oak up north. They can get

a billion out of one of their reservoirs. On a cold day about
two years ago, the conpanies in Detroit took out 4.8 billion in
one day fromtheir twenty fields. They took out 4.8 billion and

wer e shi pping gas south, yet none was comng in through their two
bi g pipelines. W have the best storage systemin the world here
in Mchigan. There is a conpany that only does fee storage; they
store for other conpanies for a fee, and they do it by

interchange. |[If United Gas in Louisiana wants storage service up
here, they contract for it, send the gas up the pipeline in the
sumer when it's not too full, and it is put in the ground for
the winter when it is needed. |'ve been called to several

speci al cases of storage systens. The Leidy field operated by
three of the | argest conpanies in Pennsylvania were having | osses
greater than they thought, and | was brought in to reviewthe

si tuation.

BOHNI NG Were in Pennsyl vani a?

KATZ: In the north, near New York state, it's in a state park on
the western edge.

BOHNI NG Is conpressed air storage a natural outgrowh of that?

KATZ: Yes. Electric power people have a greater peakl oad
probl em both weekly and daily, than the gas conpany. 1In a

pi pel i ne at ni ght when not quite as nmuch gas is needed, the |ines
may be pressured up so that in the norning when it is needed, the

line may be dropped from ei ght hundred pounds to six hundred. In
ot her words, you get sonme storage in the pipeline; line pack, we
call it. But the line pack on an electrical systemis about one

mllisecond, not very long. The electrical conmpany carries as
much as 25 percent as a spinning reserve. They nust have
something. |If the wheels aren't going when the need arises, it's
too late. One nethod is punped hydro, that is when you punp

wat er up

Over at Ludington, the Consuners Power punped hydro has been
goi ng sone twenty years. They built an 800-acre artificial |ake
275 ft. above Lake M chigan, had to put asphalt-covered sideboards
on it, but the bottomwas lined with clay. They have six 27 ft.
di anmeter flunes to bring the water up. Large punps that will
punp it up such that they can raise the | ake seventy-five feet in
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ten hours. Punp it up at night, let it out on demand in the
daytime, and generate 1800 nmegawatts at five m nutes' notice.
They can turn their turbines on in five mnutes, but they take
fifteen mnutes to a half hour to get themgoing fully. They're
so big that a man could go through the valves and, if he didn't
bunp his head, he'd conme out alright. Fish go through it; twenty
percent of themget killed, so that's one objection

They think that the environnmental people are going to
prevent them from buil ding any nore, so, rather than doing that,
t hey use peakload turbine. A jet fuel turbine driving a
generator for the peakload. Wen a jet fuel turbine is going,
two thirds of its power is taken to conpress the air it burns.
The concept of conpressed air storage is to conpress the air and
punp it into the ground at night, using cheap electricity at
fifty cents a thousand BTU. At a daytinme peak, when it's worth
six dollars a thousand, the conpressed air is taken out, sone
fuel added to it, and is used to run the turbine. The advantage,
of course, is that you don't have to buy any nore base | oad or
expensi ve power plant.

There's one in Europe, in Germany, using a salt cavity.
When this hit the energy industry, the people of the Departnent
of Energy were not very know edgeable. They called a neeting to
have fol ks discuss it, and | was asked to cone to tal k about the
environnmental issues. Although |I've been on the advisory board
of the EPA | didn't know enough about the environnmental aspect,
but | offered to tal k about the design principles. Wen | cane
back home fromthat neeting, | decided to wite it up as a book.
| tried to get the Electric Power Research Institute to fund a
project for witing this but they and the University coul dn't
agree on terns, so | got ten or twelve conpanies to subsidize ne
twel ve hundred dollars apiece. For this | would wite the book,
give themtwenty copies, and give a one-week course for two
people. And that's what | did, about 1978. It's called
Conpressed Air Storage for the Electric Power Industry with Ed
Lady as co-author. But none of the conpanies built one in the
St at es.

In Septenber we're going to have a neeting; ten conpanies
will cone and | ook at what we know and how we do it. [1'll give a
two- hour | ecture about the reservoir and how it operates. The
El ectric Power Research Institute is pushing hard to nake sure
t hat peopl e know about it. There's a big conmunication gap
bet ween engi neers used to surface construction and operation and
t hose wor ki ng underground, as you probably know. O course,
under ground geol ogy is unpredictable. So the conpressed air
storage was never taken up. O course, the m nor depression we
had in the early eighties didn't help.

| was a chairman of a commttee of the Acadeny of Sciences
where we | ooked at stationery power sources and their effluents.
One problemwas that electric utility people could not predict
what their use would be, ten years hence. To build a plant they
have to have a ten-year |lease. Wth conpressed air, they could
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do it with a three-year | ease. Eddie Kahn, the man who was
trying to control prices for Jimry Carter, was our econonist on
this conmttee. He said that when you have step function, |ike
the junp in the price of oil, there's no opportunity for
extrapolation. They couldn't say within twenty-five or thirty
percent what the increase in electrical power usage would be ten
years later. They just couldn't predict. |In fact, the rate of
i ncrease went down. Electric power need today is not anywhere
near what they thought it would be twenty years ago, when they
had to nmake deci si ons about addi ng new power plants. O course,
there is the extra cost of controlling the effluent; acid rain,
you know. We knew all about acid rain in 1975 when | chaired
this conmttee. A man fromthe Audubon Society was on ny

conmmttee. |It's the sulfur in the air that comes from fuel
conbustion which, when it interacts over a city with autonobile
exhausts, really generates the acid rain. It makes SO,, which

goes to SO;. When a cloud of vapor fromChio with a |ot of

sul fur gets over Pittsburg and gets a |ot of autonotive exhaust,
with all the hydrocarbons and free radicals running around, why
it ends up as sulfate, which then conmes down as acid rain

BOHNI NG The last map that | saw of the area that I live in had
contour lines of SO, concentration. One of the worst areas in
the Northeast is exactly in the county where | live.

KATZ: And you don't necessarily generate the sulfur there, it
comes cross-country.

BOHNI NG No, we're getting it from Chio, and perhaps Western
Pennsyl vania. But for sonme reason, that certain spot in the
nmountains is the place where it's accunul ating and has reached
very high levels. A lot of danage to the woodl ands is occurring,
especially in the higher altitudes.

KATZ: The Bl ack Forest in Germany is dying rapidly, so it is
claimed. Sonebody was there just a year ago; the trees are dying
by the mllions. |'mnot positive, but they think it's all acid
rain.

Vel l, our environnent; for two or three years | was on a
Nati onal Advi sory Board panel on power plant em ssions. But
t hese boards are conposed of unpaid, capable people who are so
busy. W even had our chairman not cone to several of our
neeti ngs; then the neeting date would be changed at short notice.
Finally I decided that | could not function like that, so | got
off the board after three years.

BOHNI NG |1've reached the end of ny list of questions. W have
been going now for alnost five hours; is there anything el se?
have a couple of things | wanted you to tie up, but let nme ask
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you are there any other areas that | haven't touched on?

KATZ: | think not. | have had a lot of little experiences, |ike
this one I just told you about. By and large, | think |I've given
you a pretty good view of what |'ve done. | feel fortunate that
ny health has been maintained. | did have ny operation, |like the
President's a couple of years ahead of him | also know that one
shoul d not hope to carry on in the sane fullness of activity at
ny age. Next year, when I'meighty, I"'mgoing to try to have
only a few technical activities, and | ook at historical things.

BOHNING Well, we certainly | ook forward to seeing what you are
going to do when you turn your attention to history, if it's as

t horough as your other work has been. Let ne close by asking you
what changes you' ve seen in the profession during your career.

KATZ: The change in the areas in which chem cal engineers work
is that, instead of there being a |lot of voids in know edge,

we' ve gained a lot of information. That has been very hel pf ul
but, on the other hand, we've reached a state where the
information is so volum nous, and so scattered, and so il

organi zed, that people don't find it. For exanple, this man from
Brazil, who says he's working in the field of gas hydrates. |
asked himif he'd | ooked at the chapter in the Handbook, but he'd
never seen it. It had all that we knew back in 1957, and it's
still pretty good even today. | ran across a project fromthe
University of California on condensing butane or pentane on
finned tubes; this was sonetine in the seventies. | sent thema
reprint from 1945 where we had solved a fornula for predicting

t he condensation of organic materials on all finned tubes using
the Beatty equation (48). A straight-forward cal cul ati on, good
within a couple of percent, maybe three, four percent at the
nost. | said that | didn't understand what they were doing,
reinventing the wheel. The word that canme back was that they
needed the noney, and the sponsors were willing to support that
ki nd of research, so they would just do it over. That's the sort
of thing that was happening in Berkeley, California, Departnent
of Mechani cal Engi neeri ng.

I"ma great believer in sumaries, conpilations, accesses to
sources of data; | feel that every professor who does sonething
new and different is obliged to put it in a formwhere his
col l eagues in the years ahead can find it in the archives. Now
we're getting to the point where we can put it on conputer
systens. These are the main things. No one works as hard, |
must be honest. In ny day, if you cane at night to the
uni versity, maybe a third of the professors would be there until
ten o' clock at night. Saturday nornings; until the |ater years
that | was chairman, we functioned Saturday norning, classes and
all. 1 would judge, with few exceptions, that the average person
today puts no nore than 60% of the effort that we did in 1933.
That's the way it is. A few our present chairman [H Scott
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Fogler] is an eager beaver; you go there on a Saturday and he

will be there working. But that's not the lifestyle anynore.
One of the things that helps to save tine is the conputer, and it
has been very hel pful. Affluence doesn't necessarily bring forth

extra productivity, the reverse is nore likely.

BOHNI NG I'"'m glad you made that conmment, | was going to ask you
what would you attribute this decline in productivity effort.

KATZ: Qur people are better informed in general know edge, but
the students aren't any better at basic probl ens, probably not as
good as thirty or forty years ago. They just aren't getting

better. 1 just hope they can hold their own, in terns of

di sci pline and knowl edge. W have shed many things that we
didn't really need, and we've got nmore to shed, | think. |'m
tal king about all fields now, not just engineering. Medical
peopl e, |I've had enough experience with hospitals. The nedi cal
peopl e are trying to shed things that don't count.
Speci al i zation, over-specialization. | don't think chem ca

engi neers have over-specialized to an extent that | would feel
concerned about.

BOHNI NG  The product that's com ng out the universities today;
how are they in terns of noving into industry?

KATZ: 1'mnot on the industry side. The young people that cone
to us as professors after their doctorate degree are fish out of
water. They are going to take a long tine to really be useful,
but this may be the price you have to pay for having fresh ideas,
not followng the old tracks. | amnot one who believes in that
process, the way that sonme folks do. Wuld you I[ike ne to send
you a copy of a talk on the experiences of an industrial-related
engi neering educational progranf

BOHNING At this point I'"mgoing to close by thanking you for
spending so much time with me. 1've enjoyed it, |I've |learned a
great deal. | appreciate your sharing all your experiences with
me. Thank you very nuch.

KATZ: You're wel cone.

[ END OF | NTERVI EW
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