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10DIC DROUGHT IN NORTH DAKOTA. D. B. Baker. Dept. of Geography,
BRI Lty of N. Dak., Grand Forks, N. Dak. 58202
niveecipitation records for six weather stations in North Dakota

Ptsubjected to harmonic (Fourier) analysis for the period from
qetg to 1975. Long term cyclic trens in precipitation, ranging
190 apptoximately two to fifty years, were identified. On the
ftot;s of these trends, years of drought danger for the areas of
bas weather stations can be identified. The spatial mapping of
thedicted intensities of the danger years allows the extent of
tll: affected areas to be estimated. The mapping of long term
crends identify the areas of permanent drought difficulty with-
in the state to be delineated.

TRANSIENT SATURATED-UNSATURATED GROUNDWATER FLOW: A NUMERICAL
SIMULATION. J. J. Brown and M. H. Somerville. Engineering
Experiment Station, School of Engineering and Mines, University
of North Dakota, Grand Forks, ND 58202

A first attempt to develop a versatile mathematical model of a
transient saturated-unsaturated groundwater flow is presented.
The model can be used to assess the hydrologic consequences of
surface mining.

The numerical algorithm used to simulate the solution to the
analytical model is the finite element method using Galerkin's
weighted residual method with linear triangular finite elements.
The transient time step is approximated using a forward finite
difference technique.

Excellent results were obtained in the steady state when
compared against known solutions. The transient response to a
flow regime was shown to be incorrect. Instabilities resulting
from the choice of approximating functions or from the grid size
used are prevalent in the transient mode.

An analysis of the hydrologic response of the groundwater flow
system to surface mining is conducted as a series of steady state
analyses on changing cross sections. Thus the model can be used
to predict the large scale effects of surface mining.

. The results of this study indicate that further study is
Justified and that an experimental verification of the model is

:::;ranted. Supported in part by Natural Gas Pipeline Co. of
rica.
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THE REDUCTION OF PRIMARY PRODUCTIVITY IN BREWER LAKE (RES-
ERVOIR) BY PERIODIC HYPOLIMNETIC DISCHARGE. G. W. COMITA
Zoology Dept. N. D, St. Univ, Fargo, N, D, 58102 and !
N. D, Game and Fish Dept., Bismarck, N, D, 58501,

Brewer Lake, N, D, was monitored weekly during the ice-
free period of three years: 1974, the first year after
being filled, when no bottom drainage was done and a stro
fish=kill occurred; 1975, with intermittent bottom drainage
a slight fish-kill was noted and in 1976, with contjinuous
bottom drainage no fish-kill occurred, iPO, (kg m < yr 1)
was reduced each year: 0.88, 0.34, 0.33 and%a simultaneous
reduction in primary productivity was recorded (kg C m 2 yr'ﬁ
gross: 1.82, 2,52, 1.34; net: 1,05, 0.90, 0.60, Solar and '
sky radiation (kcal m < yr 1) was 566,794 in 1974, 555,910
in 1975 and 825,640 in 1976. Photosynthetic efficiencies
(% of SSR) also reduced, gross: 1974, 2.88, 1975, 4.06,
1976, 1.45; net: 1974, 1.66, 1975, 1l.46, 1976, 0.65.

Some parameters increased (kg m—2yr-1), dissolved oxygen:
43.7, 48.0, 46.9; ammonia: 0.53, 0.48, 1.20; wurea: 0.42, 1,56
3.73; nitrate: 3.03, 3.42, 4.79; chlorophylls: -a, 0,13,
0.14, 0.,23; -b, 0,05, 0,07, 0,11 and -¢, 0.09, 0.06, 0,10.

’

ALGAE, NUTRIENTS, AND THE DEVILS LAKE ECOSYSTEM. Cecilia M.
Conway and L. E. Shubert. Dept. of Biology, Univ. N. Dak., Grand
Forks, N. Dak. 58202.

Devils Lake, the largest natural lake in North Dakota, is
very saline and hypereutrophic. High ambient concentrations of
nitrogen (N) and phosphorus (P) in the bays of Devils Lake con-
tribute to massive blue-green algal blooms during the growing
season. Nutrient analysis of Big Coulee, Main Bay-Devils Lake,
and East Bay-Devils Lake has provided evidence of an accumula-
tion factor. Total dissolved salts increased from 855 ppm, to
2343 ppm, to 6247 ppm respectively. Increases in sodium were
primarily responsible, but increases in N and P were also sig-
nificant. Nutrient fluxes in the Devils Lake ecosystem were
correlated with algal bioassays.

Supported by Grant #A-053-NDAK from the USDI,OWRT AND WRRI
and Grant # 3170-78 from UND/NSF Faculty Research.
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TREE AND SHRUB STRATUM COMPOSITION ON THE KILLDEER MOUNTAINS. E.
James crompton, Keith T. Killingbeck and Richard H. Bares. Dept.
F Biol . Univ. N. Dak., Grand Forks, N.D. 58202

A vegetation study conducted on the Killdeer Mountains located
{n Dunn r,ounty,.North Dakota, examined species composition and
vegetation attrlbut‘:es of the forest communities in relation to
selected topographic features. Six forest community types were
identified. Aspen .(Populus tremuloides), bur oak (Quercus macro-
carpa) and paper birch (Betula papyrifera) had the highest Impor-
tance Values of the 11 species found in the tree stratum. June-
perry (Amelanchier alnifolia) and beaked hazel (Corylus cornuta)
dominated the 17 species in the shrub stratum. Mean tree stratum
density, basal area and age were 1667 stems/ha, 19.1 mZ/ha and
43 years. Mean shrub stratum density and crown cover were 3273
stems/ha and 1630 m2/ha. Aspect appeared to be the most important
topographic parameter influencing community structure and distri-
pution. Tree stratum density on north-facing slopes (2182 stems/
ha) was 72% higher than on south-facing slopes (1267 stems/ha).
In the tree stratum, bur oak dominated south- and east-facing
siopes at all slope positions but aspen and birch dominated all
positions on west- and north-facing slopes. All major tree strat-
um species were also prevalent in the shrub stratum indicating
the continued regeneration of the forest overstory. Support: N.D.
Regional Environmental Assessment Program grant to Dr. M.K. Wali.

AQUATIC MOLLUSKS IN SOUTHWESTERN NORTH DAKOTA. A. M. Cvancara,
Dept. of Geol., Univ. of N. Dak., Grand Forks, N. Dak. 58202 and J. B. Van Alstine,
Div. of Sci. and Math., Univ. Minn. at Morris, Morris, Minn. 56267

Aquatic mollusks were searched for at 85 stations in southwestern North Dakota
south and west of the Missouri River during the summers of 1967 (19 stations),
1968 (47), 1969 (14), and 1976 (29). Twenty-four of the 1976 stations had been
examined in previous collecting years. Sixty-seven of the stations were on streams
and 18 on lakes and ponds. Twenty-six of the stations yielded no live mollusks,
which were conspicuously absent at the Missouri, Little Missouri, and Yellowstone
River stations. Twenty-six species were found alive: 6 mussels (unionacean bivalves),
5 pill clams (sphaeriid bivafves), and 15 snails (2 prosobranch and 13 pulmonate
gastropods). This compares widh’11 2 HftBséls] MBIl clams, and 22 snails known
elsewhere in the state. The most frequently found mussel, pill clam, and snail species
were Anodonta grandis Say, Pisidium (Cyclocalyx) compressum Prime, and Physa
Integra Haldeman. The mussel Proptera laevissima (Lea) is known from North
Dakota only from the lower reaches of the tributaries of the Missouri River. Of the
24 stations recollected in 1976, 19 showed an increase in the number of species
(1-3) or no change, and five showed a decrease (1-2). Notable shifts in the species
composition occurred at only four stations, as reflected by a Dice similarity
coefficient of 0.33 or less. Size and permanency of water body (all mollusks),
bottom stability (all mollusks), total sulfate content of the water (all mollusks), and
fish host (mussels) may be primary ecologic factors affecting mollusk occurrence in
wuthwestern North Dakota. Supported by N. Dak. Water Resources Research
Institute and Regional Environmental Assessment Program (REAP).
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DROUGHT AND FAMINES. W. A. Dando. Dept. of Geog.
Univ. of N. Dak., Grand Forks, N. Dak. 58202 ’
Droughts or intersive water defiencies for proper
plant growth and development is synonymous with famip
in the literature. Assessment of drought on agric“l_e
tural production is a complex three-fold problem of
perception involving the identification of water defi-
ciency, recognition of its effects, and appraisal of
its impact. A Symap analysis of the 1891, 1921, 1933
and the 1946 droughts in the USSR revealed reduction
in yields. Famines in the following winter or Spring
were not located in the area of drought. Drought
caused a reduction in yields or a crop failure; man
causes famines. Case studies in the USSR and an
analysis of 8000 famines in the world since 4000 B.c,
refutes the hypothesis that droughts produce famines,

LOCAL STEROID CONCENTRATING MECHANISM IN THE REPRODUCTIVE VASCU-
LATURE OF THE EWE. J.S. Davis, G.J. Yutrzenka, S.W. Walsh, and
S. J. Brumleve. Department of Physiology and Pharmacology, Sch.
of Med., Univ. N. Dak., Grand Forks, ND 58201

It has been shown in species with extensive areas of surface
contact that hormones may be transferred from vein to artery. A
counter-current exchange mechanism for progesterone has been dem-
onstrated between uteroovarian venous and ovarian arterial blood
in the ewe. The route of transfer was verified by experiments in
which 1,2-3H-progesterone (55.7 Ci/mmol) was infused into the
uterine vein (1.32 uCi/min) and measuring the amount of radioac-
tive progesterone in the ovarian artery and simultaneously in a
mesenteric artery of similar size. The amount of radioactivity
was significantly higher in ovarian arterial blood than in mesen-
teric arterial blood. (This research was supported in part by
School of Medicine General Research Support Grant No. 5 SO 1RR
05407.)
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gL ATOM REACTIONS AND REPOLYMERIZATION IN ALKANES. REACTIVITY
NICK URFACE SPECIES ON RESULTANT NICKEL PARTICLES. Steve Davis,
D ° J. Klabunde, Department of Chemistry, University of North
°"dt; Grand Forks, North Dakota 58202
mko,ﬁghly dispersed nickel particles have been prepared by co-
nsation of nickel atoms and alkanes at -196°C. After warmup

oom temperature and removal of excess solvent, pyrrophoric
tozers were obtained which have been found to be very active hy-
pow enation catalysts for benzene. Characterization of these
dwaebalkane products has_been initiated. The nickel crystallite
nﬁes are very small (<100K) and gross sintering occurs above
“éoc A great affinity toward oxygen has been observed with the
Zﬂea;e of C0p from the nickel surface at elevated temperatures
'ﬁter the sample had been exposed to small quantities of air.
;ro]ysis products yielded none of the original alkane. Only CO2,
cﬁ and H, were released upon pyrolysjs'of the nickel-pentane
“ﬁé]es. Extensive cracking of the original a]kaqe was presqmgd.
Hydrogenation of nickel-pentane samples were carried out to init-
jate a displacement of any carbon resique: Products‘obta1ned
were consecutively CoHg through CgHy2 indicating a h1gh degree of
dissociation of the initial alkane. The presence of either car-
pides or hydrocarbon fragments may be revealed through deuterium

exchange studies.

conde

THE HISTOLOGY OF THE SPLEEN OF THE BUSH BABY: GALAGO SENAGALENSIS.
J. E. Dravland, Dept. of Anatomy, Sch. of Med., Univ. of N.D.,
Grand Forks, N.D. 58202.

The histology of the spleen has been and remains a matter of
controversy despite the fact that conclusions concerning one
species cannot necessarily be applied to spleens in general due to
significant species variations (Snook, Amer. J. Anat., 87:31,
1950) . The purpose of this paper is to present the histology of
the spleen of Galago and compare it to other mammalian spleens.
After perfusion with formalin, the spleens of normal healthy
adolescent and adult animals were dehydrated with ethanol,
cleared in chloroform and embedded in TissuePrep. The blocks
were cut at sections from 4 to 20u and stained with one of a
variety of techniques: hematoxylin and eosin, Masson trichrome,
Hart's elastin, periodic acid-Schiff, Gomori's Prussian blue
rt.aaction and Marshall's metalophil impregnation. The general
histological layout of the Galago spleen is similar to other
mlammals. In the red pulp, sinuses are present, although they are
Poorly elaborated and the circulation is apparently "open". The
Striking features of this spleen are the ellipsoid sheaths of
Sch'f’eiqger-Seidel and the marginal zone of the white pulp.

Their prominance and abundant arterial supply hint at their

:;ti"i‘}y in this spleen, and show that, in Galago, the spleen is
active component of the reticuloendotheliIal and immune systems
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INFLUENCE OF ENVIRONMENTAL FACTORS ON NITRATE REDUCTION TN SELEg
CROP AND GRASS SPECTES. J. A, Dusky and D. S. Galitz. Depy 18
Botany, N.D.S,U., Fargo, N. D, 58102 * of
Nitrate reductase activity, water potential, tranSpiration
rate, nitrate and protein content, and environmental conditjgong
were determined for barley (Hordeum vulgare L.), wheat (Triticum
aestivum L.), sunflower (Helianthus annuus L.), slender m
grass (Agropyron trachycaulum (Link) Malte), and Russian wjlq
rye (Elymus junceus Fisch.)during a growing season in a greep.
house environment. It has been suggested that the level of leag
nitrate reductase is affected by the water status of the plap
and the environmental conditions. Therefore, throughout the
growing season physiologic and environmental factors were mopj-
tored for possible interactions. It was found that the water
status of the test plants influenced measurable nitrate reductag,
activity. Furthermore, it was demonstrated that environmenta]
conditions imposed on the plants also influenced nitrate redyc-
tase activities as well as the water potentials and transpiratiq
rates. The possibility of using nitrate reductase activity ag 4
diagnostic tool in field work analysis will be discussed.

INHIBITORS OF PROTEIN SYNTHESIS AND CHLOROPLAST DEVELOPMENT.
M. E. Duysen and T. P. Freeman. Dept. of Botany, N. Dak. State
Univ., Fargo, N. Dak. 58102.

Chlorophyll development is impaired by certain antibiotics
during leaf greening. One of these compounds, cycloheximide, is
known to inhibit the synthesis of proteins on 80 S ribosomes in
the cytoplasm. Studies were undertaken to determine the depen-
dence of the development of wheat leaf chloroplasts on cytoplasnc
protein production. Cycloheximide at 5, 7, and 10 pg/ml was
applied to dark-grown, primary leaf sections of 7 day-old wheat
seedlings in Petri plates on filter paper, 7 hr prior to light
exposure. Chloroplast morphology, total chlorophyll and carot-
enoids, the characteristics of the chlorophyll-protein complexes
were determined after 20 hr of light. Cycloheximide prevented
wheat leaf chlorophyll production and chloroplast development,
especially when applied at 10 jpg/ml. Plastids treated with
cycloheximide in the dark prevented the breakdown of the pro-
lamellar body even after extended periods in the light. Plastid
allowed to green 4 and 10 hr in the light prior to cycloheximide
treatment were morphologically impaired to develop beyond the de-

velopmental stage at the time of application. Low concentration
of cycloheximide did not totally restrict greening of wheat

leaves but reduced plastid pigment production and impaired the
fgni‘iltlon of protein associated with the light harvesting chlor?
phyll.
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(BLEMS IN LIQUEFACTION OF NORTH DAKOTA LIGNITE. Bruce W. Farnum
PR

Joseph E. Schiller. ERDA, Grand Forks Energy Research Center,
and 2= Tk, North Dakota 58202

Gragde c0-Steam Process for conversion of lignite coal into sub-

ute fuel oil is presently under development. A slurry of coal
St'tuoa] derived solvent is treated with carbor monoxide, hydro-
and cand water at 450 to 500°C and up to 5000 psi pressure. Factors
ge'f’h lead to high viscosity of CO-Steam product were investigated.
wh1¢ ylar weight of the non-distillable portion (250°C, 1 Torr)
Moleggund to correlate with viscosity of 25% solutions in anthra-
wase 0il. Correlations of solution viscosity were also obtained
Cg:h weak acid content, oxygen content, and preasphaltene content.
o correlation was observed between solution viscosity and asphal-
None content, nitrogen content, or weak base content. Solvent
ot aration of CO-Steam products into tetrahydrofuran (THF)
§ggolub1e, THF soluble and toluene insoluble (preasphaltenes),
;oluene soluble and hexane insoluble (asphaltenes), and hexane
soluble fractions was carried out. The composﬂ;ion of the fogr )
fractions was investigated by gel permeation h1.gI:| pressu\[‘e'hqmd
chromatography, infrared spectrophotometry, acidity, basicity,
nass spectrometry, and nuclear magnetic resonance spectrometry.
papid analytical methods for evaluation of CO-Steam products from
a stirred autoclave and a continuous flow process development
unit are under development.

PROTON RELEASE STUDIES IN THE MYOSIN HYDROLYSIS OF
ATP. Sylvia A. Farnum and James A. Stewart. Department of
Chemistry, University of North Dakota, Grand Forks, North
Dakota 58202

Myosin was prepared from rabbit skeletal muscle by two
different methods. Both preparations had comparable activity.
The myosin catalyzed hydrolysis of adenosinetriphosphate
(ATP) was studied in the absence of calcium ion at pH 9.1 by
automatic titration. Theoretical calculations were made to
correct for the pKa shifts, which occur upon hydrolysis.
Essentially, there is no proton release below pH 6.5 The slow
rate of reaction at pH 9.1 enabled us to observe the transient
phase kinetics as well as the steady state kinetics. An acid-base
equilibrium scheme was developed and the corresponding
theoretical equation was derived. This equation was used to

analyze pH-rate profiles and found to duplicate results from
the literature.
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CHEMISTRY OF GASIFIER WASTE WATER FROM A LURG;].
PROCESS COAL GASIFICATION PLANT. J. R. Fleeker apg
M. C. Bromel. Depts. of Biochemistry and Bacteriology,
N. Dak. State Univ., Fargo, N. Dak. 58102,

Organic and inorganic compounds were determined in gasi.-
fier waste water obtained from a Lurgi-process coal gasifiCatiOn
plant. Alkyl carboxylic acids, phenols, and pyridine derivaﬁves
were determined by gas chromatography. Cyanide, thiocyanate
sulfide, sulfite, ammonia and phosphate were also determined,'
Waste water processed in the plant for recovery ofconunercm“y
valuable chemicals was also analyzed. Ammonia, and the phe-
nol and pyridine fractions were efficiently removed from the
water. The organic substances found in the wastes are known t,
be biodegradable but at dissimilar rates. The amcunt of inor-
ganic orthophosphate found was low (0.2 mg P/liter), and may
be limiting as a nutrient in the biotreatment of the waste water,
Supported in part by the Natural Gas Pipeline Company,
Chicago.

PARASITEMIA OF YELLOW PERCH IN NORTH DAKOTA. M. D. Forstie and
H. L. Holloway Jr. Biol. Dept., Univ. N. Dak., Grand Forks, N.
Dak. 58202

Twenty Perca flavescens, obtained from Jamestown Reservoir
and Arrowwood Lake, were examined for evidence of parasitemia.
Yellow perch were collected 6 June through 10 July 1976. Blood
smears were prepared using standard techniques and stained with
Giemsa solution for approximately 24 hours. Five percent of
the fish examined were infected with a trypanosome previously
unrecognized in North Dakota. The Trypanosoma sp. is morpho-
metrically compared to trypanosomes previously reported from
freshwater fish in North America, Yellow perch in Russia, and
Pike and Pickerel in Russia and North America. The trypanosome
is smaller than those previously described from the North Ameri-
can fauna. It cannot be assigned to any of the three recognized
species. Supported in part by U.S. Department of Interior, Bur-
eau of Reclamation, grant number 4571.
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LASMALEMMAL MICROAPPENDAGES: A STUDY IN FINE STRUCTURE. D.J.
iedenbaCh' R. E. Merchant, P.A. Stagno. Dept. of Anat., Sch.

F; ~d., Univ. N. Dak., Grand Forks, N. Dak. 58202.

surface contours of endodermal cells of early chick embryos

4 jeukocytes of canine leptomeningeal sheaths were examined by
ana,ming and transmission electron microscopy. Normally, these
s:]_ls possess plasmalemmal microappendages (microvilli, blebs,
:nd ruffles) in variable degrees. Microvilli are cell surface
extensions of variable length and uniform diameter (O0.1lym). In
contrast, blebs display bulbous configurations of inconsistent
giameter and size. Ridge-like ruffles are primarily found near
the cell margins. When endodermal cells are exposed to
variations in extracellular pH or cytochalasin B, the appearance
and distribution of the microappendages are altered. Similar
results are obtained when subarachnoid leukocytes are challenged
py the foreign protein, bacillus Calmette - Guerin (BCG).
Microappendages thus appear to reflect changes within the
extracellular environment and degrees of leukocyte activation in
response to antigen.

supported by USPHS Grant NS 12106 from the Institute of
Neurological and Communicative Disorders and Stroke.

ULTRASTRUCTURAL FEATURES OF EARLY EMBRYOGENESIS OF THE SCREWWORM
FLY, COCHLIOMYIA HOMINIVORAX (COQUEREL) (DIPTERA: CALLIPHORIDAE).
G. Gassner and S. G. Sears. Metabolism and Radiation Research
Laboratory, ARS, USDA, Fargo, N. Dak. 58102

A transmission electron microscopy study of the preblastoderm
screwworm fly embryo was initiated to determine what features
could be used in a comparative study of dominant lethality among
various insect types of economic importance. Eggs were fixed in
4% glutaraldehyde buffered with 0.05M phosphate (pH 7.3), post-
fixed in 1% osmium tetroxide, embedded in plastic, and examined
by light and electron microscopy. Within 45 minutes 4-5 cleavage
divisions occurred. The dividing nucleus elongates in a cytoplasm
that is not membrane bound. Each tapered extremity of the nucleo-
plasm was capped by a low contrast cytoplasmic inclusion of about
3-4 ym in diameter. At least 3 classes of bipartite yolk spheres
were present and appeared as membrane-bound core bodies. They
were identified as 1) solid cores of dark contrast surrounded by a
matrix of low contrast; 2) hollow cores of dark contrast contain-
ing a matrix of low contrast; and 3) multivesiculated cores con-
taining several matrices of low contrast. Other yolk features
consisted of tightly and loosely packed rosettes of glycogen, low
contrast regions containing fibrillar material, and multiple
membrane-bound bodies. Supported in part by United States ERDA
Contract P7603214. Thanks to G. G. Holt for eggs.
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TECHNIQUES FOR ALGAL PHOTOMICROGRAPHY. Micheal S. Graham apg
L. E. Shubert. Department of Biology, Univ. N. Dak., Grand Forkg
N. Dak. 58202 ’
There are many inherent problems associated with Photomicrg.
graphy, such as selection of proper film, centering of the lighe
proper light sources, and quality of microscopic material, to
name a few. These problems can be eliminated with the proper tech.
niques. We have developed a photomicrographic method for St“inng
living and fixed algae. A Zeiss standard microscope equipped with
phase optics and combined with a Nikon camera and automatic
exposure control unit was used for this study. Intensive analysig
of color reproduction was conducted to determine the best photg-
graphic film for this system. Excellent results were obtained
using an electronic flash unit and Eastman Kodak Ektachrome day-
light type E-4 film. Examples of our results will be illustrated,
Supported by Grant # SER 76-14931 from the National Science
Foundation, RULE.

PROBABLE CAUSES OF SURFACE INSTABILITY IN CONTOURED
STRIP-MINE SPOILS—WESTERN NORTH DAKOTA. G. H. Groenewold, N. Dak.
Geol. Survey, University Station, Grand Forks, N. Dak. 58202 and L. M
Winczewski, Dept. of Geol., Univ. N. Dak., Grand Forks, N. Dak. 58202

Preliminary reconnaissance af existing graded strip-mine spoils in western North
Dakota indicates that various engineering problems exist within these materials.
These include differential subsidence of the surface of the spoil, slope instability,
and piping failures. Major variations in texture, composition, and packing, within the
spoil, appear to be the primary factors which control spoil stability. These are, in
turn, directly related to the original nature of the stripped materials, the methods of
stripping, transportation, and emplacement, and the time of year during which these
operations occur. Localized movement of groundwater through recontoured spoils is
very common in some settings. Permeability of the graded spoils and therefore the
rates and directions of groundwater movement are, in part, determined by the
method of emplacement and the physical characteristics of the sediments. In
addition, the time of year during which emplacement occurs can have a very strong
influence on the permeability characteristics of the spoils. Recontouring during the
winter months ofEt’en results in the concentration and burial of large frozen blocks of
spoil within the regraded materials. Initially the zones of blocky materials are
characterized by a high percentage of void space and corresponding high
permeability. Areas of spoil underlain by blocky zones are often highly susceptible
to settling. Fractures, resulting from settling, allow surface water to migrate down
through the spoils. If sufficient water is available, piping and associated collapst
features will result.
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RoBABILITY AMPLITUDES FOR TWO-PHOTON ABSORPTION: RARE EARTH AND
PROSIIDE TON SYSTEMS. J. B. Gruber, E. D. Larson, D. N. Olsen and
A R. stoner. Dept. of Physics, Col. of Sci. and Math., N. Dak.
siate Univ., Fargo, N. Dak. 58102.

probability amplitudes have been derived for two-photon spec-
roscopy using time-dependent perturbation theory. Two cases are
t,._c,icler'ed in detail: (1) absorption of a laser photon and an
gzcoherent 1ight-source photon, and (2) absorption of two laser
1hgtons. Expressions for two-photon absorption coefficients are
conpared with results obtained by Kleinman in 1962. Contrary to
K]einman's approach, our expressions give probability amp]1tudes
that do not contain or require intermediate states. We find our
anplitudes depend upon the polarization and intensity of the in-
coming laser beams. As an example, we quantify our expressions
by performing a ratio calculation between two-photon and single-
photon absorption by rare earth or actinide ion (n'f") systems.

DISTRIBUTION OF HYDROPSYCHIDAE (TRICHOPTERA) IN SANDHILL STREAMS
OF NORTH DAKOTA. S. C. Harris and R. B. Carlson, Department of
Entomology, North Dakota State University, Fargo, North Dakota
58102

Larvae of Hydropsyche slossonae Banks, Hydropsyche betteni
Ross, Hydropsyche simulans Ross, and Cheumatopsyche pasella Ross
(Hydropsychidae: Trichoptera) occur in sandhill streams in south-
eastern North Dakota. In areas where the current was swift, H.
slossonae was common. H. betteni was restricted to a riffle area
immediately downstream from a stream impoundment. H. simulans
and C. pasella were collected in the still water of the undercut
stream banks. As the Hydropsychidae are net-spinners, the pres-
ence of H. simulans and C. pasella in an area of non-moving water
is unusual. -
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IMPROVED DIFFERENTIAL SPECTROPHOTOMETRIC PROCEDURE FOR THE
DETERMINATION OF THEOPHYLLINE IN BLOOD.

E.S. Holzberg, A.Poklis and N.G.S. Rao. State Toxicology Lap
Fargo, N.Dak., 58102 : o

A differential ultraviolet spectrophotometric procedure for th
determination of therapeutic concentrations of theophylline ine
blood or plasma is described. Blood is extracted with chlorg-
form which is then extracted with 0.45N NaOH. A distilled wate,
blank is also carried through the procedure. Phenobarbital iy
the extract is destroyed by heating the hydroxide extract ip a
water bath. The extract is then split into two portions which
are adjusted to pH13 and pHl. The differential U.V. spectrum of
the sample and blank is recorded between 300-260NM by running
the pH13 extract as sample and the pHl extract as reference,
Recoveries of 66 blood samples spiked with 5-20 ug/ml of theo-
phylline ranged from 99-102%.The standard error for the methog
was within 5%.Washing the initial chloroform extract with pH7.4
phosphate buffer effectively removes therapeutic concentration
of sulfa drugs. Phenobarbital,ephedrine and papaverine,drugs
often administered with theophylline for the treatment of asthma
do not interfere with the method. '

BASELINE WATER QUALITY STUDY FOR A PROPOSED COAL GASIFICATION
PLANT SITE. Yung-Tse Hung, G. O. Fossum, and E. S. Mason. Dept
of Civil Engr., Univ. of North Dakota, Grand Forks, N. D. 58202
A water quality study was conducted from April to October
1975 in Dunn County, North Dakota to provide baseline water
quality information for a proposed coal gasification plant site.
Sampling stations consisted of nine surface water and five
ground water sampling stations. Water analysis included pH,
specific conductance, alkalinity, turbidity, dissolved oxygen,
chemical oxygen demand, biochemical oxygen demand, total suspend
-ed solids, total dissolved solids, total hardness, Ca, Mg, Na,
K, so,, C1, Sioz, NO.,, PO,, and coliforms. '
éorrelation anafysis revealed that streamflow was negative
-1y correlated to TDS and specific conductance, and specific
conductance was positively correlated to TDS, Na, and total hard
-ness. High concentration of TSS, low concentration of TDS, and
high DO concentration were observed in river waters during
spring runoff period. Lowest DO concentration occurred in July
's sampling run. During the study ground waters sampled from
farm wells was found to contain high concentration of TDS concen
-tration. Water parameters exceeding North Dakota state s,urf{l‘:e
water quality standards included turbidity, TDS and fecal coli-

forms. Supported by Eng. Experiment Station, Univ. of N. D.
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JSE OF FLY ASH AND VOLCANIC ASH IN WASTE TREATMENT FOR PHOSPHORUS
REMOVAL - Yung-Tse Hung, R. E. Gullicks, G, O, Fossum, Dept. of
Civil EngT-» Univ. of North'Dz'lkota, Grand Forks, N. D. 58202

and C- p. Hwang, Dept. of Civil Engr., Univ. of Saskatchewan,
gaskatoon, Saskatchewan, Canada.

In this study volcanic and fly ash were investigated for
theirt effectiveness as adsorbent for the removal of phosphorus
and organic pollutants from wastewaters. Based on 24-hour batch
shaking tests, percent total organic carbon removal was found to
vary from 53.55% to 81.88% using fly ash as adsorbent. For an
influent P concentrgltlon of 10 mg/1 , P removal efficiency vari-
ed from 0 to 82% using volcanic ash as adsorbent in the shaking
type batch tests. Coptgct time longer than half an hour did not
improve P removal efficiency. Increasing volcanic ash particle
size resulted in decreasing efficiency of P removal. Continuous
flow type tests indicated P removal efficiency ranged from 0 to
13.2%, and 0 to 43.2% for the filtration column for minus No.8
to plus No.16 material, and minus No.30 to plus No.50 material
respectively.

This study was funded in part by OWRRI Grant No. A-046-NDAK
and by the Engr. Experiment Station, Univ. of North Dakota.

PHARMACOKINETIC INTERACTIONS OF DELTA-9-TETRAHYDROCANNABINOL (THC)
WITH METHAQUALONE (MQ) IN RATS. S. Husain, G.T. Pryor and M.C.
Braude, Dept. Physiol. & Pharmacol., Sch. of Med., Univ. of N.
Dak., Grand Forks, ND 58202, Stanford Res. Inst., Menlo Park, CA
94025 and NIDA, Rockvilie, MD 20852.

Due to the high polydrug abuse potential of THC and MQ, stud-
ies were undertaken to investigate the reciprocal pharmacokinetic
interactions of these two compounds. Male Fischer rats were given
ldc-THC (40 mCi, 10 mg/kg, po) and MQ (10 mg/kg, ip) after pre-
treatment for six days with vehicle, THC, or MQ. In other simi-
larly pretreated groups, reciprocal experiments were conducted by
following radioactivity from 14C-MQ (15 uCi/kg, 10 mg/kg, ip).
Plasma and brain total radioactivity was determined at 1, 2, 4, 8
and 24 hr for l4C-THC or at 0.5, 1, 2.5, 6.5 and 22.5 hr for 1
MQ. Acute MQ increased plasma total radioactivity from l4c-THC
in rats treated acutely or subacutely with THC which was signifi-
cant at 8 hr in subacutely treated rats. Brain total radioactiv-
ity from l4C-THC was significantly lower at 2 and 8 hr in rats
treated subacutely with MQ. In reciprocal experiments, acute THC
significantly increased plasma total radioactivity from léc-Mq at
2.5 hr and then decreased it at 6.5 hr in both acutely and sub-
acutely MQ treated rats. Similar interactive trends were reflec-

;’;dlin brain total radioactivity (Supported by contract HSM-42-
-182) .
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INTESTINAL ABSORPTION RELATED TO AGE. Francis A, Jacobs ang
Carol Overvold. Dept. of Biochem., School of Med., Univ, of N
Dak., Grand Forks, ND 58202 :
An attempt has been made to relate some aspects of the age of
the rat to the intestinal absorption of leucine., Long-Evang
black hooded, male rats, over an age range of 1-20 months, apeg.
thetized with sodium pentobarbital (50 mg/kg I.P.), were used in
these studies. The lumen of a jejunal segment, about 10 cm 1gy
was perfused in situ with a mixture containing 4 mM L-leucine-1§,
and 2 mM inulin-3H. The perfusion mixture was recirculated
through the intestinal lumen and a scintillation detector cell
which measured automatically any change in 14C-activity of the
perfusate, thus monitoring the rate of leucine-'*C absorption
from the intestinal lumen. The inulin-JH was measured in the pre.
sence of the leucine-l4c by liquid scintillation counting; thig
was dore to assess the water balance of the perfusion system,
The animals absorbed leucine at about the same rate when findnms
were related to intestinal segment length alone, but when the
parameters of animal size and age were taken into account there
was indeed a definite relationship between the intestinal absorp.-
tion of the amino acid leucine and the size and age in the intact
rat. (Supported in part by U.S.P.H. Institutional Grant No.
5 SO1L RR 05407 for General Research Support and by the United
Good Neighbor Fund).

THE WEST-CENTRAL NORTH DAKOTA REGIONAL ENVIRONMENTAL IMPACT STATE-
MENT: AN APPLICATION OF REGIONAL ANALYSIS TO ENVIRONMENTAL STUDIES
Gary E. Johnson. Dept. of Geography, Univ. of N.Dak., Grand Forks
N.Dak. 58202.

The West-Central North Dakota Regional Environmental Impact
Statement (EIS) is an assessment of proposed lignite coal®and ener
gy related developments scheduled for seven North Dakota counties.
In a departure from traditional site-specific EIS's prepared under
requirements of the National Environmental Policy Act (NEPA) of
1969, this study is regional in concept. The EIS is conducted as
a state-federal partnership between the North Dakota Natural Re-
sources Council and the Bureau of Land Management. Three levels
of potential development are being examined. Level 1 projects in-
clude active proposals for two gasification plants, two electrical
generating plants and the expansion of one existing lignite coal
mine. Level 2 tentative proposals include the development of five
lignite coal mines and one electrical generating plant. Level 3
assesses potential energy development by tracts which have been
recommended for the leasing of lignite coal but are not currently
associated with any specific proposal. Nine work groups are re-
sponsible for analyzing various components of the EIS. The re-
sults of this on-going study will be utilized by state and feders
decision-makers in permit granting and coal leasing recommenda-
tions affecting energy development in the region.
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cATALYST AND PRESSURE VARIATION STUDIES IN THE
HYDRoGENATION OF SOLVENT REFINED LIGNITE (SRL).
avid S- Jones, Kenneth J. Klabunde, Virgil I. Stenberg, Niel
fj‘vT/BBEey, and Richard J. Baltisberger. Dept. of Chemistry,
—[J/n{;g;siTy of North Dakota, Grand Forks, North Dakota 58202.
We have been conducting experiments at the University un-
der ERDA Grant E(49-18)22l11, studying the hydrogenation of
SRL to form distillable liquid products. In a one liter autoclave
charged with 37.5 g presulfided catalyst and 75g SRL, we have
tried 3 different initial hydrogen pressures with various com-
mercial catalysts. The reactions were carried out for two
nours at 450°C. Recovery of materials ranged from 71% to
93% including gases, liquids, and solids. Distillation fractions
were obtained along with gases and unconverted SRL. We have
found that 1000 psi initial hydrogen pressure gives quite low
ields of light liquids and large vacuum bottoms. A pressure
of 1750 psi gives much better yields and much lower vacuum
pottoms. Increasing the initial pressure to 2500 psi again im-
proves the yield, but not so drastically. The CoO-MoO3 cata-
lysts give the greatest conversion to liquids with NiO-MoOg3
catalysts nearly as good, but with slightly less conversion. A
nickle tungsten catalyst shows the poorest conversion to light
distillates. Temperature effects are also being investigated
and will be discussed along with the pressure effects.

SOURIS RIVER STUDY: JULY 1973 TO JUNE 1975. D. G. Jorde.
Dept. of Biology, Univ. N. Dak., Grand Forks, N. Dak. 58201

Water samples collected at fifteen sites along the Souris
River (U.S.) were analyzed to determine general water quality
and to identify possible sources of pollution. Eleven tests
indicated that certain aspects of water quality chemistry
decreased downstream from the United States entry point to the
Lake Darling impoundment of the Upper Souris National wildlife
Refuge. Dilution of salts and uptake of nutrients by aquatic
plants in Lake Darling generally improved the quality of
released water. Downstream from Minot, water quality chemistry
decreased to the Lower Souris National Wildlife Refuge. The
large area and shallow characteristics of the refuge impound-
ments combined to improve certain water quality chemistry of
water reentering Canada during summer and fall months. During
vinter water quality deteriorates as anaerobic conditions
become pronounced. Agricultural pollution was found to be
seasonal while municipal pollution was sporadic throughout the
study period.
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PRELIMINARY EVIDENCE OF AN AUTHIGENIC ORIGIN OF KAOLINITE Iy
GOLDEN VALLEY FORMATION (PALEOCENE-EOCENE), NORTH DAKOTA. f RTHE
Ka¥ner, P.F. Bjorlie and 0.D. Christensen. Dept. of Geolog;,;‘L
Univ. N. Dak., Grand Forks, ND 58202. '

. gineralogic, stratigraphic and paleoclimatologic evidence
indicate that the kaolinite-rich zone of the lower member (pe
Den) of the Golden Valley may have an authigenic origin angd iar
Part of a paleosol. X-ray diffraction data show that kaolinii
increases in crystallinity toward the top of the kaolinite-ric§
z?ne as expected in a soil. Scanning electron microscopy cop-
firms the presence of kaolinite crystals but has not yet provig
evidgnce regarding their origin. The suggested paleosol sequ@fd
consists of an upper carbonaceous silty or clayey zone with c
orgapic content decreasing downward and underlain by a massive
kaolinite-rich zone containing numerous ferruginous concretion;
The lowermost unit of the Bear Den Member consists of unweathe;
sandstones, siltstones and interbedded clays. The known paleo-ed
climatology at the time of formation would have allowed kaolinit
formation in the lowlands of the late Paleocene-early Eocene )
Great Plains. The kaolinite formation may be correlated with
late Cretaceous-early Cenozoic tectonic stability and the devel-
opment of an extensive erosion surface as presently recognized
in the south-central Rocky Mountains.

MINERALOGY OF THE SENTINEL BUTTE AND TONGUE RIVER FORMATIONS
(PALEOCENE), NORTH DAKOTA, F.R. Karmer, D.W. Brekke, and R.M.
Wilkes. Dept. of Geology, Univ. N. Dak., Grand Forks, ND 58202
Mineralogic composition has been determined by x-ray diffract-

ion for 61 bulk samples of the Sentinel Butte Formation at Lost ,
Bridge, 28 km north of Killdeer; and 26 clay-fraction samples of
argillaceous units of the contact zome of the Sentinel Butte and
Tongue River Formations at three sites near the Little Missouri
River in Billings County. In the Sentinel Butte, lignites with
several percent gypsum and quartz, lignites and lignitic shales
with 20-50% clay minerals and 10-40% quartz are typically under-
lain by clays or mudstones with 15=-25% quartz,5-10% feldspar,5-15%
dolomite and 40-70% clay minerals. They are overlain by calcareous
siltstones with 15-30% quartz, 5-10% feldspar, 1-5% calcite, 0-157
dolomite and 40-60% clay minerals. Siltstone may be overlain by
calcareous sandstone with 10-20% quartz,5-10% feldspar,5-30% cal-
cite, 1-10% dolomite and 10-407% clay minerals. The major clay min-
erals in both the Tongue River and Sentinel Butte belong to the
montmorillonite, mica-illite,and Fe-chlorite groups. Minor amounts
of kaolinite are present. The montmorillonite group makes up 60-
95% of the total clay minerals in both formations. The abundances
of mica and chlorite are approximately equal and range from 5-40%
varying inversely with montmorillonite, Supported in part by NSF
Undergraduate Research Participation’Grant EPP 75-04708.




ABSTRACTS 17

UM DISTRIBUTION IN LATE-STAGE GRANITIC ROCKS. F. R. Karner

NI
21RO Malick. Dept. of Geology, Univ. N. Dak., Grand Forks, ND

and K.

Sszgieliminary evidence suggests that 2Zr is depleted in late-stage

jtic rocks of larger plutons by two different processes. 1In
granmildly alkalic, Devonian Tunk Lake pluton, Maine, marginal,
theersolvus, aegirine-augite hornblende granites contain 500-1200
hyP gr while late-stage subsolvus core granites contain 100-300
pem Gravity settling of zircon aided by convection is suggested
pméxplain the Zr distribution. 1In the calcalkaline, Cretaceous-
;Zleocene Boulder Batholith, Montana normal quartz monzonite
contains 100-200 ppm Zr and late-stage alaskites (aplites) )
contain less than 100 and usually less than 50 ppm. 'Sel?aratlon
of a Zr-poor vapor phase from quartz monzonitic'liquld is
suggested to explain the depletion in the alaskites.

7

VEGETATION AND SOILS IN A NORTH DAKOTA GALLERY FOREST. Keith T.
Xillingbeck and Richard H. Bares. Dept. of Biol., Univ. N. Dak.,
Grand Forks, N.D. 58202

Aspects of plant community structure and distribution were
studied in relation to edaphic and topographic factors in a
gallery forest surrounding Homme Reservoir located in northeast-
ern North Dakota. Five forest community types found along the
reservoir shores were green ash (Fraxinus pemnsylvanica var. sub-
integerrima), aspen-elm (Populus tremuloides, Ulmus americana),
boxelder-basswood (Adcer negundo, Tilia americana), elm-boxelder
and boxelder-birch (Betula papyrifera). Soil texture, soil elec-
trical conductivity, slope angle and slope aspect were found to
be associated with community distribution. Soils in the A horizon
were clay loams and sandy clay loams with pH ranging from 6.9-
7.4 and electrical conductivity ranging from 75-310 pmhos/cm.
Tree stratum density ranged from 1089 trees/ha in the green ash
community to 125 trees/ha in the boxelder-basswood community and
was found to have a direct relationship with soil electrical
conductivity. Of all trees tallied, 93.4% were smaller than 36 cm
DBH and twice as many young green ash stems (2-6 cm DBH) than
?ther tree stems were found. It appears that green ash will dom-
Inate this gallery forest in the future with American elm and
boxelder being stable associates. Supported by U.S. Corps Engin-
eers: contract DACW 37-74-C-0066 to the Inst. Ecol. Studies, UND.
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HERB AND SHRUB STRATUM BIOMASS AND PRODUCTIVITY IN FIVE SOUTH-
WESTERN NORTH DAKOTA FOREST COMMUNITIES. Keith T. KiZZingbeck
Richard H. Bares and E. James Crompton. Dept. of Biol., Univa
Dak., Grand Forks, N.D. 58202

Biomass and productivity relations were studied in the herp
and shrub strata of ash-elm (Fraxinus pennsylvanica var. Subinte.
gerrima, Ulmus americana), aspen-birch (Populus tremuloides, Bet-
ula papyrifera), cottonwood (Populus deltoides), juniper (Jun;-
perus scopulorum) and pine (Pinus ponderosa) communities in Dyp,
McKenzie, Slope and Stark Counties, North Dakota. Leaves+curren{
twigs production (LCT) and total aboveground biomass (AGB) were
estimated for the herb strata using a harvest technique and leaf
production (LVS) and AGB were estimated for the shrub strata ys-
ing a regression analysis based on basal stem diameter. Herb s¢-
atum LCT and AGB ranged from 26.8 g/m2/yr and 58.0 g/m2 in the
aspen-birch type to 144.8 g/m2/yr and 198.4 g/m? in the ash-eln
type. Shrub stratum LVS and AGB ranged from 6.0 g/m2/yr and L4o.g
g/m? in the ash-elm type to 48.1 g/m2/yr in the aspen-birch type
and 547.6 g/m2 in the pine type. Total herb+shrub stratum AGB
was highest in the pine community (607.2 g/m%) and lowest in the
ash-elm community (238.4 g/m2). Biomass:production ratios were
higher in the shrub than in the herb strata. Herb and shrub str-
atum productivity were inversely proportional. Support: N.D. Re-
gional Envirovmental Assessment Program grant to Dr. M.K. Wali.

ELECTROCHE“ICAL STUDY OF THE FORMATION aND DECOMPOSITION OF
HALOGENATED ACETOPHEONZI ANION RADICALS. Curtis 2. Koeppe
and Duane E. Bartak, Chemistry Jepartment, Jniversity of
North Dakota, GCrand Forks, ND  58202.

The decomposition pathways of halogenated acetovphenone
anion radicals were studied in dimethylformamide solvent.
The electrochemical technigues of cyclic voltammetry, ex-
haustive coulometry and single-step chronocamperometry were used
to ascertain tae reaction pathways. The intermediacy of the
acetylphenyl radical was verified by trapping the radical with
an anion(cyanide) of the suvporting electrolyte forming a new
stable anion radical. The rate constant for the decomposition
of the m-chloroacetophenone anion radical was evaluated by
fitting the chronoamperometric data for m-chloroacetophenone
to a computer model for an ECH mechanism(electron transfer,
chemical reaction, electron transfer). TSxhaustive coulometric
experiments indicated that the first reduction wave of rinf-
substituted chloroacetophenone was an one-electron proc~ss to
form the unstatle aninn radical. Product analvsis by electro-
chemical and gas cnromatographic methods indicated acetoohenone
as the major oroduct. The atove results will te compared to
substituted tenzoaitrile and nitrobenzene anion radical
decomposition.,
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ELEMENT EXCHANGE CHARACTERISTICS OF LEONARDITE.
Kollman and M. Saeed. Project Reclamation, Univ. N. Dak.,
(;}and Forks, N.D. 58202.

Leonardite, a low rank, naturally oxidized coal material is
eing tested as a soil conditioner for use in revegetation of
urface mine spoils. Organic matter has been widely reported to
;ave the ability to chelate/complex metal ions. This experiment
was done to determine whether organic matter (in the form of leo-
nardite) has greater affinities for some trace elements than
others and whether there is differential extractability of each
element by several extraction solutions. The leonardite samples
were saturated with Fe+++, Al+++, Zn++, Cu++ or Mn++ using O.IN
chloride salts, adjusted to pH 2.0. The samples were then dried
and extracted with water, 0.1 N HCl, 1.0 N ammonium acetate, 0.02
M EDTA and 0.005 M DTPA all at a 1:5, sample:solution ratio, with
shaking for 2 hours. Ferric ion (Fe+++) had the greatest sorption
(56 meq/100 gm) followed by Cut++, Al+++ and Zn++. Manganous ion
had the lowest sorption (35 meq/100 gm). Desorption was lowest
with water, followed by 0.1 N HCl and 1.0 N ammonium acetate. The
two chelating agents (EDTA and DTPA) caused the greatest desorp-
tion, indicating that the majority of the ions are held in a
chelation complex by the leonardite.

Supported by Grant No. G0264001 from the USDI, Bureau of Mines.

TRACE

b

MORPHINE CHEMISTRY. P. J. Kothari, S. P. Singh, V. 1.
Stenberg, Department of Chemistry, University of North Dakota,
Grand Forks, North Dakota 58202

To understand the spectroscopic basis of the photochemistry
of morphine in the singlet and triplet states, morphine and its
model compounds were examined by means of their fluorescence
and phosphorescence spectra. The spectra of phenol, anisole,
2-methoxy, 3-methoxy, 4-methoxyphenol and morphine were
recorded at 77°K. No red shift was observed for the fluores-
cence bands for all but morphine, which had a 17 nm red shift
when the solvent polarity was increased. In triplet spectra
bands, phenol and anisole respectively showed 42 and 35 nm red
shift in acetonitrile. The maxima of 2-methoxyphenol
phosphorescence band showed 36 nm red shift compared to
i-methoxyphenol. This may be due to intramolecular hydrogen
bonding in 2-methoxyphenol. In general, morphine showed 50 nm
more red shift in comparison to 2-methoxyphenol, presumably
dpe to the charge transfer between phenolic group and tertiary
nitrogen atom. The irradiation of dihydromorphine with 300 nm
light gave one major and three minor products. Supported in
part by NIH (Grant GM 21590) and Career Development Award
(1-K4-GM-9888).
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NORTH DAKOTA FLEAS. VII. SIX NEW RECORDS FROM THE
STATE'S PERIPHERY. Omer R. Larson. Dept. of Biology
Univ. of N. Dakota, Grand Forks, ND 58202 '
Continuing a decade of studies on the SiphonaptEr
of North Dakota, six additional records are herewity a
reported. Alphabetically these include: Amphipsylj,
siberica pollionis from red-backed voles in Bottineay
County, Cediopsylla simplex from eastern cottontailsi
Cass County, Ceratophyllus riparius from bank swallgy
nests in Walsh County, Nearctopsylla genalis hyginj
from short-tailed shrews and Orchopeas howardii
howardii from fox squirrels in Grand Forks County, apg
0. sexdentatus from desert cottontails in Billings
County. Except for C. riparius which is transconti-
nental, and N. g. hygini which occurs from the Prairie
Provinces southward to Iowa and Nebraska, the other
species appear to have distributions in the northern
Great Plains which end in the state (i.e., southern
extent of A. s. pollionis in non-mountainous areas,
western limits for C. simplex and O. h. howardii, ang
the northeastern margin of the 0. sexdentatus species
complex). Climate and host ranges influence such
distribution patterns. With these six additions, the
known flea fauna of North Dakota now numbers 42 species,

MOBILITY OF WATER IN CLAY MINERALS. Leo Laughlin, J.W. Harrell,
Jr., and F.L. Howell. Dept. of Physics, Univ. of N. Dak., Grand
Forks, N.D. 58201.

The mobility of sorbed water has been studied in several clays
by use of pulse N.M.R. and radiotracer techniques. Proton spin- -
lattice and spin-spin relaxation times have been measured as a
function of the amount of sorbed water and as a function of temp-
erature. The measurements show that the mobility increases with
increasing water content and varies with the type of clay and
the type of cation used to saturate the clay surfaces. Correla-
tion times for the motion of the water molecules have been de-
duced from the temperature dependence studies. The feasibility
of using an N.M.R. technique employing a pulsed magnetic field
gradient in order to measure diffusion coefficients for the
sorbed water has been explored. Results obtained with this
technique are compared with results obtained by using tritiated

water as a tracer. (Supported in part by OWRRI Grant No.
A-051-NDAK)
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MPUTER MODEL FOR PERFORMANCE ANALYSIS OF A SOLAR HEATED
A SIDENTIAL HOME IN NORTH DAKOTA. Gregory R. Loken, Mason H.
RE jlle, and Donald V. Mathsen. Engineering Experiment
University of North Dakota, Grand Forks, ND 58202.

somery
stat ion,

A computer model to simulate the yearly performance of a
olar assisted heat pump domestic residence heating system in
Srimofe' North Dakota is presented. The house modeled is a
:;-story structure and has 1050 square feet of collector, two
vater tanks and two 35000 BTUH heat pumps. Differential
equations describing the collectors, house, and storage were
pumerically solved using a Hammings predictor corrector routine
with a Runge-Kutta startup available from IBM. Other routines
vere used but were not successful. Local weather records
roviding hourly temperature and insolation conditions were used
to provide the boundary conditions. The model provides yearly
qﬁrating costs for the solar heated residence as a function of
equipment and environmental parameters which will assist in
selection of the most desirable operating mode and will allow
optimization of future designs. Supported by a consortium of
jndustries and individuals and the Engineering Experiment

station.

A FLAT-PLATE SOLAR COLLECTOR USING NON-BLACK ABSORBER ELEMENTS.
D. V. Mathsen, M. H. Somerville, and G. R. Loken. Engineering
Experiment Station, School of Engineering and Mines, University
of North Dakota, Grand Forks, ND 58202.

A low-cost, low-maintenance collector requiring no special-
ized fabrication processes was desired for incorporation into a
solar house built near Larimore, ND. The long-wave emissivity,
€, and the visible-range absorptivity, o, of commercial galvanized
sheet are selective in nature (€=.23, 0=.66). The effective
absorptivity of galvanized steel was further increased by the
creation of parallelogram cavities. A prototype collector
was constructed and efficiencies determined for a narrow range
of the parameter, (T -T )/I, where T -T is the temp-
erature differentialcgé%osgmghe face of tﬁgléoliggtor and I is
the incoming solar energy. The experimental data, together with
the results of a computer simulation program indicate a collector
design competitive with commercially available designs using
expensive coatings or paints with questionable life expectancies.
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EXTRAVASCULAR PLASMA PROTEIN IN THE VICINITY OF IMPLANTATION
SITES IN THE PREGNANT RAT UTERUS. Donald L. Matthies, Ken E.
Nicolls, Christopher A. Bates. Dept. of Anat., Sch. of Med.,
Univ. of N. Dak., Grand Forks, N. Dak. 58201.

The vasculature near implantation sites in the rat uterus
becomes permeable to dyes, e.g., Niagara Blue, and the detection
of this phenomenon has been used by researchers in studying early
implantation. This dye leakage could be a sign of a mechanism
important to successful pregnancy. Electron microscopic studies
of endothelial capillaries reveals that those near the site
develop fenestrations which transport ferritin into the surroung-
ing intercellular spaces. Molecular sieve elution of serum from
dye-injected rats demonstrates that part of the dye is bound to
plasma protein and part circulates in free form. Reduction of
the dosage to the level where only the bound form circulates
permitted the usual marking of the sites suggesting that the
protein-dye complex is transported across the endothelium.
Incubation of purified plasma proteins with dye and elution on
Sephadex has shown that albumin is the binding protein. Electro-
phoresis confirmed this observation. The rat does not acquire a
placental exchange membrane until halfway through pregnancy.
Extravascular plasma protein and the accompanying edema could be
a device by which the blastocyst derives nutrients before
establishment of the membrane.

FUNGUS POSITIVE TISSUE CONTROLS IN EVALUATING PULMONARY PLAQUES
IN SOUTHERN SKUA. D. A. Nix, Div. Math and Sc., Mary College,
Bismarck, N.D. 58501 and H. L. Holloway, Jr., Bio. Dept., U.
North Dakota, Grand Forks, N.D. 58202. !

Pulmonary mycosis in wild birds is an acute or chronic infec-
tion caused by Aspergillus fumigatus. Detection of fungal
Plaques is usually diagnostic, but the observation should be
strengthened with histologic procedures employing fungus positive
tissue controls. Controls insure reliability in histologic
techniques and facilitate direct comparison of pulmonary tissue
from a known infected control with an unknown experimental. Ex-
perimental pulmonary tissue from a Southern skua and positive
tissue from a Canada goose were simultaneously prepared, sectioned
and treated with hematoxylin/eosin, Gridley and Grocott stains.
Hematoxylin/eosin stained respiratory tissue and hyphae pink in
positive tissue. Gridley's stained pulmonary tissue yellow and
counterstained hyphae pink, while Grocott's stained the lung
tissue light green and counterstained the hyphae black. Fungal
hyphae were much clearer in preparations treated with Gridley
and Grocott stains than hematoxylin/eosin. The positive tissue
controls facilitated the effective evaluation of experimental
pulmonary tissue. Supported in part by Grant #495, U.S.A.R.P.,
N.S.F. and Northern Plains Consortium for Education.
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THE EFFECT OF He-0Op HYPERBARIA UPON ASPIRIN-INDUCED GASTRO-
INTESTINAL BLEEDING. H.,A. Pakola, B, DeBoer, C.A. Zogg, and
7.K._Auyong. Dept. of Physiology and Pharmacology, Sch. of Med.,
Oniv. of N. Dak., Grand Forks, ND 58201

Ingestion of aspirin has been shown to cause gastro-intestin-
al irritation, ulceration, and bleeding. This ?ffect was studied
in rats exposed to hyperbaric conditions. Grow1ng,rats'were fed
a synthetic rat diet modified by the addition of 1% aspirin; con-
trol rats were fed the unmodified diet. Food and water were
given ad libitum. The rats were maintained at } ATA ambient air,
1 ATA He-03, or 11 ATA He-02 environmental conditions. Data was
obtained at the end of 1, 2, or 3 weeks environmental exposure.
Blood salicylate levels were measured by the Trinde':r method;
gastro—intestinal bleeding was measured by a modification of the
Benzidine test. All animals fed the unmodified diet exhi?ited )
negligible blood salicylate levels and negligible gastro-intesti-
nal bleeding. Animals fed the 1% aspirin diet exhibited near-
toxic salicylate levels and marked gastro-intestinal bleeding;
the degree of bleeding, however, was significantly less in the
He-02 gaseous environments. Hyperbaria and duration of exposure
did not seem to alter the intensity of the bleeding. (This
investigation was supported by Contract N00014-76-C-0219 between
the Office of Naval Research, Department of the Navy, and the
University of North Dakota.)

SYNTHESIS AND PURIFICATION OF 2,2',364,364 5,6 5'_HEXA-
CHLOROBIPHENYL FOR USE IN A METABOLIC STUDY. Margaret
A. Pearson. North Dakota State Toxicology Department,
NDSU, Fargo, ND 58102. Yvonne A. Greichus, James J.
Worman and Barbara A. Ammann. Department of Chemistry,
SDSU, Brookings, SD 57006.

Polychlorinated biphenyls have been detected in
many forms of wild life and may be affecting certain
life functions. 1In order to accomplish metabolic stud-
ies, one radioactively labelled isomer was synthesized
and purified. The title compound was syntesized using
a modified procedure of the one reported by Safe and
Hutzinger, 1972. This method yielded a crude product
of 20% yield and <1% 36Cl incorporation. The hexachlo-
robiphenyl was purified by preparative thermal conduc-
tivity gas chromatography. The purified material gave
I.m.r. and mass spectra identical to those reported by
Safe(1972) and Vas(1971). A corn oil mixture of the
hexachlorobiphenyl was injected into two guinea pigs.
Analysis of the urine and body tissues revealed the
Presence of three metabolites. One metabolite was
identified as radioactively labelled pentachlorophenol.

This project was supported in part by Hatch Grant
7215-697.
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A SCANNING ELECTRON MICROSCOPIC STUDY OF THE CHOROID PLEXUS N
THE RABBIT. Bruce Persky and Frank N. Low. Dept. of Anat
of Med., Univ. N. Dak., Grand Forks, N. Dak. 58202.

Young rabbits were anesthetized and perfused with buffered
aldehydes. The choroid plexuses were removed from the lateray
ventricles and postfixed in buffered 0sO4. Samples were thep
routinely prepared for scanning electron microscopy (SEM).

This study depicts the surface morphology of the choroig Plexys
of the lateral ventricle. Numerous pleomorphic epiplexus (Xolmey
cell) macrophages were noted, often occupying the sulcus foung
between adjacent choroid plexus ependymal cells. The ventricyla,
surface of each ependymal cell resembled a low, rounded moung
covered with numerous microvilli. The microvilli varied in lengty
and were more heavily distributed on the top of the cell than at
the periphery. The sulcus positioning apparently allowed the
epiplexus macrophage to attain a closer physical proximity to the
underlying epithelial cells.

The cytoplasmic processes of some epiplexus macrophages were
long, thin, and delicate while others were thick and proboscis-
like. Occasionally pits and crater-like depressions were observeq
on both the cell body and cytoplasmic processes. Generally, the
cytoplasmic processes flattened out and blended with the ependyma)
cells. (Supported by USPHS grant NS 09363 from the Institute of
Neurological and Communicative Disorders and Stroke.)

‘v SCh.

"BLOOD ALCOHOL CONCENTRATIONS IN IMPAIRED DRIVERS IN NORTH
DAKOTA, 1972-1976"

N.G.S. Rao and A.Poklis State Toxicology Lab.,Fargo N.Dak.,58102

The frequency distribution of blood alcohol concentrations from
drivers apprehended in North Dakota during the past five years
for the violation of "Driving While Under the Influence of In-
toxicating Liquor" is presented. The blood alcohol concentra-
tions (BAC) were determined by gas chromatographic analysis of
blood samples or by analyzing a sample of alveolar air using the
"Breathalyzer"”. All blood samples were analyzed by the State
Toxicology Laboratory and the breath samples by law enforcement
officers trained in the operation of the "Breathalyzer". During
the five year period, more than 18,000 blood alcohol determina-
tions were conducted in North Dakota. The statutory restriction
for operating a motor vehicle in North Dakota is a BAC in excess
of 0.10%. The average BAC of the apprehended drivers was sub-
stantially higher than the legal limit, ranging from 0.18% to
0.22%. Less than one percent of the samples analyzed had a BAC
below 0.05% and more than thirty five percent were in excess of
0.20%.
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p LAND COVER ANALYSIS OF NORTH DAKOTA. John R. Reid and
REAwﬂ]iam Johnson. ND Regional Environmental Assessment Program,
ﬁsmaer’ ND, 58505.

New maps, produced for REAP, reveal the dominant land cover

each of the 53 counties and for the entire state. The county
fm; are at a scale of 2 miles to the inch; the state map is about
m;ﬂes to the inch. The 10 categories of cover are: built-up,
anp1a"da fallow, exposed subsoil or saline seep, rangeland, mixed
cngeland and pasture, forests, water, wetland, and barren. The
rategorization was accomplished by computer processing of LANDSAT
G;agery, most of which was collected in 1975 and 1976,based on
1round truthing. The resulting maps contain data down to the
1.12-acre level. More detailed data, based on as many as 30 cate-
6ﬁes, have been recorded on computer tapes. Land cover data
4il1 be utilized in conjunction with other areal data in a
cOmputer-based composite geodata analysys system. The maps and
the stored data can be used for such th1ngs.as planning trans-
mission 1ine routes, development of recreation areas; agricultural
development, and predicting the impacts of changes in wetland
drainage, farming practices, non-point source pollution stud!es,
and economic development. Further evaluation of the categoriza-
tion is expected.

NEMATODES OF THE GENUS PHILOMETRA IN NORTH DAKOTA FISH, J. D.
Reinisch, D. S. Elsen, H. L. Holloway, Jr., and J. B. Owen. Dept.
of Biol., U. North Dak., Grand Forks, N.D. 58202

In studies of fish parasites several large roundworms were
found just beneath the skin, below the eye and in front of the
preopercle of three White suckers, Catastomus commersonii
lacepede. Three large female worms, examined in lactophenol,
vere identified as members of the genus, Philometra. The genus
was reported in the State by Hoffman (1953) from White suckers
collected in Turtle River. Examination of the worms revealed
the presence of cuticular bosses; a characteristic, according to
Huggins (1972) of Philometra nodulosa Thomas, 1929. The original
description was based on one female worm from a White sucker.
The worms recovered are larger and exhibit differences from the
orginal description. Significant discrepancies include dimens-
ions of the esophageal bulb and egg. Thomas (1929) erred in
describing the egg of P. nodulosa. The C. commersonii, 14 of 72
observed to be infected, were captured in Cherry Creek in May,
1976. White suckers were collected with Black bullheads, Fathead
binnows and Carp. In addition, 196 White suckers have been
examined from elsewhere in the State and found to be negative.
Supported in part by U.S. Dept. of Interior, Bur, Reclamtion,
grant numbers 4571 and 4581.
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TOXIC EFFECTS OF CADMIUM AND ZINC ON SELECTED GRASS SPECIES
S. J. Rothenberger and D, S. Galitz. Dept. of Botany, N Dé
Fargo, N. D. 58102 el
To assess possible impact of coal-fired power plant epjgg;
selected grasses were treated with varying concentrations of oo
and cadmium. The plant species included were: Triticum aest;izmc
L., Hordeum vulgare L., Agropyron smithii Rydb., Stipa viridglg
Trin., Bouteloua gracilis (H.K.B.) Lag. ex Steud., and Wguma
virgatum L, Each species was treated with solutions ofml
ride salts of zinc and cadmium at concentrations of 0, 1, 19 1@
and 1000 ppm. Methods of application used were: (1) solution w,
culture, (2) vermiculite with the solution applied directly, ,
(3) vermiculite with the solution applied as an aerosol. P;_rc:d
germination and several growth parameters were measured. Growt:t
was slightly stimulated by 1 to 10 ppm zinc chloride, while cop.
centrations greater than 10 ppm reduced growth drastically, sy,
viridula Trin. and Panicum virgatum L. were slightly stimulateq :
at the seedling stage by 1 ppm cadmium. However, cadmium con-
centrations of 10 ppm and greater significantly inhibited both
root and shoot growth in all species. The possibility of zinc
and cadmium toxicity in North Dakota vegetation will be discussed

EFFECTS OF GLUCAGON, L-EPINEPHRINE, AND CYCLIC AMP (cAMP) ON
GLUCONEOGENESIS IN PERFUSED RABBIT LIVERS., G.A. Rufo, Jr. and
P.D. Ray. Dept. of Biochemistry, Univ. of North Dakota School
of Medicine, Grand Forks, North Dakota 58202.

Gluconeogenesis and its regulation has been studied in isolated
perfused rabbit livers. The basic rate of glucose formation from
10 mM L-lactate and 40 mM dihydroxyacetone by livers isolated fron
48 hr. fasted rabbits is enhanced approximately 1.7 fold by 10-64
glucagon, 10-8M L-epinephrine, and 10-%4 M cAMP, The basic rateof
glucose formation from 40 mM D-fructose is stimulated only 1.3
fold by these effectors. The rates of gluconeogenesis are cal-
culated from the net increase in perfusate glucose and are cor-
rected for glucose formed by glycogenolysis. Data imply not only
the presence of a regulatory site between triose-phosphate and
glucose but the absence of such a site between lactate and triose
phosphate. The concentrations of intermediary metabolites in
livers were determined by assaying hepatic samples taken just
prior to and thirty minutes after the addition of effector. Ef-
fectors elevated the levels of glucose-6-phosphate and fructose:
6-phosphate approximately 1,8 fold over control values in livers
given either L-lactate or dihydroxyacetone as substrate. These
studies indicate the existence of a major regulatory site betweet
triose-phosphate and glucose in the pathway of gluconeogenesis fo
rabbit liver. (Supported by NIH AM 12705)
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yoTASSIUM RELEASE CHARACTERISTICS OF SPOIL MATERIALS

" gaeed. Project Reclamation, Univ. N. Dak., Grand Forks,
N'{Eézoz.

""potassium release characteristics of four coal mine spoil
aterials and one unmined soil were studied in growth chamber
55 C day and 15 C night temperatures, 12 hours of flourescent
1ight daily with 50% relative humidity) by exhaustive cropping
with parley. Five successive generations were grown. The
exchangeable potassium was determined by leaching with neutral
a,,,monium-acetate and total potassium was determined in concen-
trated H, S04 and boiling in 1IN HNO, extracts. The potassium
excracted by cropping is related to exchangeable and total
potaSSiUﬂl-

The spoil materials contained a large reservoir of exchange-
able (280 to 606 1b./acre) and total (1075 to 1573 1b./acre)
potassium, with the exception of spoil from Center, N.D. Based
on Woodruff's energy exchange formula and using the data from
this experiment, it is felt that the Center spoil may be po-
tentially dificient in potassium.

supported by Grant No. G0264001 from the USDI, Bureau of Mines.

EFFECTS OF LEONARDITE ON THE GERMINATION OF SOME PRAIRIE GRASS
AND LEGUME SPECIES. N.M. Safaya and M.K. Wali. Project Reclama-
tlon, Univ. N. Dak., Grand Forks, N. Dak. 58202.

Seed germination failures contribute greatly toward reduced
productivity and sparse vegetation on surface mined areas. How-
ever, since different plants may exhibit differential germination
tolerance to suboptimal soll conditions, 9 grass and 4 legume
species were tested, under laboratory conditions for their germ-
ination potential on Glenharold minespoil. The seeds were germin-
ated on moist filter paper, spoil, and spoil+10 and 20% additions
of leonardite from two different sources. Most of the species
whose germination was poor on spoil material alone responded fav-
orably to leonardite treatment. Green needlegrass, side-oats
grama, thickspike wheatgrass, crested wheatgrass, birdsfoot tre-
foil and emerald crown vetch were less tolerant, whereas alkali
sacaton, durar hard fescue, slender wheatgrass, yellow sweet clo-
ver and alfalfa were more tolerant of the minespoil conditions.
f.‘differential response of species to different types of leonard-
Ite was also evident. Green needlegrass gave excellent response
to 'Enderlin' leonardite, and crested wheatgrass to 'South Beulah'
leonardite. A distinct dimorphism, affecting germination, was ob-
served in thickspike wheat grass seed.

Supported by Grant No. G0264001 from the USDI, Bureau of Mines.
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BINDING OF GOLD TO BOVINE SERUM ALBUMIN

V.A.Sagar, S. Melethil and A.Poklis Dept.Pharmacol.Toxicol ang
Pharmaceut.Pharm.Prac. Coll.Pharmacy, N.Dak.State Univ.,Fargo
N.Dak. 58102

The binding of gold to 2% bovine serum albumin was studieq by
an ultrafiltration technique using CF-25" cones. Five milliliter
aliquots of albumin solutions containing gold concentrationg
ranging from 1-10 ug/ml were equilibrated for 24 hours. The
solutions were then centrifuged at 271G and 0.5ml of the fjjt.
rate were collected. The gold content of both the filtrate and
the remaining albumin solutions was determined by graphite fur-
nace-atomic absorption spectrophotometry. It was found that gold
was > 99.5% bound to the albumin over the concentration range
studied. Preliminary studies indicate that salicylate at a cop.
centration of 20mg%, had no effect on the binding of gold to
albumin.

SOME NUTRIENT DEFICIENCY AND TOXICITY SYMPTOMS IN SLENDER WHEAT-
GRASS. P.A. Schwartz and N.M. Safaya, Project Reclamation, Univ.
N.Dak., Grand Forks, N.Dak. 58202.

In view of the importance of revegetating the surface mined
areas in the Northern Great Plains Coal Province, nutritional
studies on the prairie plants have become essential. This study
pertains to a hydroponic experiment on slender wheatgrass
(Agropyron trachycaulum). Plants were raised for 27 and 54 days
in continuously aerated Hoagland's nutrient solution, using 1.51
plastic pots. Deficiency of N, P, K, Fe, Mn, Zn, Cu, B and Mo was
induced by omitting each nutrient singly from the solution. Con-
trol plants received all the nutrients and those for toxicity
study received each nutrient at rates 4 times higher than that in
the control treatment. The entire study was conducted in a growth
chamber maintained at 25°C (day)/15°C (night) temp. 12 hr. photo
period and 50% rel. humidity. Growth was severely affected in'y
-P and -K plants but A. trachycaulunm appeared to be most sensitiv
to K deficiency. Except for typical chlorosis in Fe deficient
plants, and tip burning in case of B toxicity, symptoms for other
elements failed to appear.

Supported by Grant No. GO264001 from the USDI, Bureau of Mines.
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RENAL RESPONSE IN A WILD MICROTUS POPULATION: SEASONAL

GPECTS - Robert W. Seabloom. Dept. of Biology, University
Af N. Dak.s Grand Forks, N. Dak. 58201
0 A population of Microtus pennsylvanicus was sampled over
a 13-month period at the Whiteshell Nuclear Research Establish-
gent near Pinawa, Manitoba. Subsequent to behavioral testing,
voles were killed and their isolated adrenals were superfused
and stimulated with ACTH. Superfusates were assayed
fluorometrically for corticosterone. Peaks of adrenal response
occurred during spring in both adult males and females,
follOWed by a significant decline in early summer. Subadult
pales exhibited a peak response in early summer. Corticosterone
levels from adults were generally higher than those from
juveniles in the same season. Levels from nonpregnant adult
females were significantly higher than those from pregnant voles.
observed differences over the annual cycle were attributed to
the behavioral and hormonal states of various components of the
population.

A COMPARATIVE STUDY OF THE NUCLEI AND MEMBRANE SYSTEMS OF THE
BLASTODERM EMBRYOS OF INSECTS USING SCANNING ELECTRON MICROSCOPY.
S, G, Sears. Metabolism and Radiation Research Laboratory, ARS,
USDA, Fargo, N. Dak. 58102

A scanning electron microscopy study was done to examine the
cytological features of early blastoderm membrane systems in two
species of insects, Oncopeltus fasciatus (Dallas) and Pectinophora
ossypiella (Saunders). Fertilized eggs were fixed in glutaralde-
yde saturated heptane, 4% glutaraldehyde, and then postfixed in
1% osmium tetroxide. Two tissue fracture methods were used: 1) a
nodified ethanol cryofracture (CF) and 2) room temperature ethanol
fracture (RF). The CF method yielded fractures through nuclei,
whole cells, and certain other embryonic structures, whereas the
RF method showed cleavage around cells and yolk granules, giving
3 three-dimensional view of the cell surfaces. Fractured nuclei
containing chromosomes were seen, as well as whole cells showing
small finger-like cytoplasmic projections conmnecting the cells to
each other and to the yolk-rich interior of the embryo. Smaller
cellular structures such as ribosomes, centrioles, etc., were not
{dentified in these preparations.

Thanks to Dr. Thomas Freeman, NDSU, for taking the SEM pic-
tures and to Dr. George Gassmer, MRRL for advice and support.
Supported in part by U.S. Energy Research and Development Admin-
Istration Contract P7603214.
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ANALYSIS OF NITROGEN COMPOUNDS IN COAL LIQUEFACTION PRODUCTS
Lu Ann Sidney and Joseph E. Schiller. ERDA, Grand Forks ’
Energy Research Center, Grand Forks, North Dakota 58202,

Four process solvents from solvent refined coals and one
CO-Steam process product were analyzed to identify and quantif
the nitrogen compounds present. Initial separation of the y
samples was done by column chromatography on activated aluming
by elution with hexane, toluene, chloroform (two fractionsL
and 10% ethanol/THF. Standard mixtures of nitrogen compounds
were identified by GC-MS, using a Dupont 21-491B Mass Spectrg.
meter coupled with a Varian 2740 Gas Chromatograph with a 3y
0V-17 column, and compared with the mass spectrum, peak areas,
and retention times obtained from the second chloroform colymp
chromatography fractions containing the nitrogen compounds.
Temperature programming of the gas chromatograph from 150° tq
275° C at 8° C/min. was essential for the resolution of the
pure mixtures and the coal liquids. Major nitrogen compounds
which were found include: quinolines, methylquinolines, indole,
acridine, 2-phenylpyridine, benzoquinolines, and carbazole.
Minor peaks in the coal 1iquid chromatogram, consisting of
isometric dimethyl- and trimethylquinolines, could not be
resolved.

SOLVENT EFFECTS ON MONOSUBSTITUTED BENZENE FLUORESCENCE AND
PHOSPHORESCENCE S. P. Singh, S. S. Pamar and V. I. Stenberg,
Department of Chemistry and Physiology-Pharmacology, University
of North Dakota, Grand Forks, North Dakota 58202. .
The fluorescence and phosphorescence spectra of several mono-
substituted benzene derivatives have been recorded in polar and
nonpolar solvents at 77°K. 1In the case of singlet-singlet trans-
itions, the maxima are independent of the nature of the solvent
and both good electron donor and acceptor groups have the effect
of changing the maxima to longer wavelengths relative to that of
benzene. On the other hand, benzene and all substituted benzene
derivatives exhibit a significant red shift for the triplet
state emission in the solvent acetonitrile as compared to that
in n-hexane, chloroform and ether. Surprisingly, the benzene
compounds having an electron withdrawing group retained the fine
structure of the phosphorescence emission while those with an
electron donating group lost the fine structure on going from
nonpolar to polar solvents. These observations indicate that
intermolecular charge transfer CTTS (charge transfer to solvent)
exists with benzene compounds having electron donating groups an
intramolecular charge transfer with compounds having electron
withdrawing groups. Supported in part by NIH (grant GM 21590),

NIDA (grant 7-RO1-DAO 1893-01), and Career Development Award
1-K4-GM-9888.
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AL SUCCESSION ON SURFACED MINED AREAS OF NORTH DAKOTA. T.L.
vs and L. E. Shubert. Dept. of Biology, Univ. N. Dak., Grand
SEAT=. Dak. 58202
!otk-;(’)il samples were collected aseptically from May to Sept. of
5 and 1976 at established reclamation plots. The samples were
197 ylated in an inorganic medium and after two months the sam-
mnocwere analyzed for the presence of algal species. The various
lesdments used to enhance the reclamation process resulted in a
amefi'ety of species. The change in the algal species during the
va;wing season was compared with the several amendments tested.
siue‘green algae were the most abundant on most plots. 'Ijhe role
of nitrogen fixation by the blue-green algae and the possible
e of these organisms in enhancing soil fertility is being in-
:estigated- Field innoculations of Nostoc commune, a nitrogen
fixing species that was isolated from the study area, are planned.
Chlorosarcinopsis pseudominor, a green algae that undergoes a
igment shift possibly as a result of a nutrient deficiency, is
being investigated as a possible indicator species for soil nut-

rients.
supported by Grant # G0264001 from the USDI, Bureau of Mines

DESIGN AND ANALYSIS OF A NORTH DAKOTA ANNUAL CYCLE RESIDENTIAL
SOLAR HEATING SYSTEM. M. H. Somerville, D. V. Mathsen, and
G. Loken. Engineering Experiment Station, School of Engineering
and Mines, University of North Dakota, Grand Forks, ND 58202
The design and analysis of a prototype residential solar
heating system is discussed. The system allows an aphational
flexibility not found in most solar systems. This flexibility
allows performance tests to be conducted in two major modes of
operation, a maximum solar energy utilization mode and an annual
cycle operation mode. The system is installed in a 2300 ft
private residence located in Larimore, North Dakota. The system
consists of: two unitary heat pumps rated at 35,000 BTUH
(8820 KCal/Hr) at 42°F (5.6°C); 1050 ft2 (107 Mz) of air cooled,
parallelogram cavity, galvanized sheet metal solar collectors;
a water storage capability of 4,000 to 40,000 gal. (15,142 to
151,420 1); six inch (15.24 cm) wall construction; and triple
glaze windows. The design heat loss is 40,000 BTUH (10,080 KCal/
fr); 25,000 gal. (94,600 1) of water will be used as the start-up
storage volume. An innovative ice maker evaporator and defrost
scheme are used to replace the commercial air evaporator. The
anual coefficient of performance of the system is projected to
be 3.0 to 3.5 when operating under the annual cycle mode and 4.0
t0 4.5 when operating under the maximum utilization mode.
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THE ECONOMICS OF SOLAR SPACE HEATING AND COOLING. Carl D, Svar
M. H. Somerville, and D. V. Mathsen. Engineering Experiment J
Station, School of Engineering and Mines, University of North
Dakota, Grand Forks, ND 58202.

An economic analysis of a solar heated and cooled Private
home is developed. The basis of the analysis is an experiment,
"solar" home located at Larimore, North Dakota. This 2300 ft2
home utilizes a solar-assisted heat pump heating and cooling
system with 1050 ft2 of forced air solar collector and 4000.40000
gallons of water storage capability. The paper includes a cop.
parative study of the costs inherent with this system with those
of conventional systems (gas, fuel, electric, and heat pump-
assisted gas) for a similar sized house. Types of costs €Xamineq
include those for the heating unit, fans, water storage area,
evaporators, and pumps. Costs of conventional systems include the
heating and cooling units, fans, and system layout. Operationa)
costs of the same systems are simulated with the aid of a compyte,
model of the experimental system. An economic priority of
expenditure is developed based on the analysis and comparison of
the systems and operations.

A TRIAL OF ELEVEN SOURCES OF Picea abies IN NORTH DAKOTA AND
MINNESOTA. J. L. Van Deusen. U. S. Forest Service Shelterbelt
Lab., Bottineau, N. Dak. 58318 and Hans Nienstaedt. North
Central Forest Experiment Station, Institute of Forest Genetics
Rhinelander, Wisc. 54501

Eleven seed sources of Picea abies from eastern Europe and
Russia were tested on the Denbigh Experimental Forest in North
Dakota and Pike Bay Experimental Forest in Minnesota. Overall
survival at Pike Bay was uniformly good (94.4 percent) throughout
the first 10 years. At Denbigh, under average growing season
precipitation, survival of all sources declined to 67 percent
during the first five years. After two more years, in which the
growing season precipitation was unusually low, the overall plan-
tation survival at Denbigh averaged less than 6 percent.

Norway spruce may still be a useful conifer in North Dakota
shelterbelts, but its success will depend largely on careful
matching of seed sources with planting sites. Container-grown
stock, tested under controlled greenhouse conditions and screened
for adaptability, could form the beginning of a reservoir of
adapted plant material.
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DApTATION FOR THE CARE OF BIOLOGICAL MATERIALS IN
B NING ELECTRON MICROSCOPY. J. J. VanRybroek and D. J.
50.‘Nnenbach. Dept. of Anat., Sch. of Med., Univ. of N. Dak.,
%, N. Dak. 58201
Gran e technique of biological scanning electron microscopy
ntionally requires specimens to be elaborately fixed, dehy-
nved critical point dried, and coated with heavy metals. These
drated;res imply chemical and physical manipulation of surface
ocetureS, and potential modification of surface anatomy. Cryo-
st.:t“:ion is examined here as an alternative prepatory technique.
"(:n jnexpensive 'cold stub', modified from Macalear (1972) was
ufactured and adapted to a Cambridge Stereoscan S4 Scanning
na:ctron Microscope. Comparisons of several tissues,
aventionally prepared and cryofixed, were examined with respect
t0 preparatory procedures, resolutions and sample usefulness. The
plication of visualizing intracellular and intramembranous
a;libstx:uctures by scanning electron microscopy is also examined.
:'he potential usefulness of a cryofixation procedure as an
ancillary technique to conventional biological scanning electron
oscopy is discussed.

El

micr

DEVELOPMENT AND TESTING OF AN ICE-MAKER EVAPORATOR FOR A HEATING
ONLY HEAT PUMP. James C. Wendschlag and M. H. Somerville.
Engineering Experiment Station, School of Engineering and Mines,
University of North Dakota, Grand Forks, ND 58202.

The development of a heat pump evaporator for use in an
annual cycle heating and air-conditioning system is discussed.
The evaporator was designed for operation in an ice-making mode
throughout most of the heating season.

A commercially available flat plate ice-maker was selected
following tests of several configurations. The selection was
based primarily on its ice removal efficiency. The water pump-
ing system necessary with this selection was designed to minimize
pmping cost and maintenance.

The automatic defrost system built into the heat pump
required alteration to facilitate the ice-maker evaporator. The
dification of this system to provide for periodic ice removal
is presented.

The experimental set-up and laboratory test procedure used
for performance evaluation are given along with test results.
Acomplete performance analysis of the design selection is
“mpared with that of the conventional air evaporators.
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SAMPLING FROM OVERLAPPING FRAMES M. E. Winger. Dept. of
Coll. of Arts & Sciences, Univ. of N.Dak., Grand Forks, NDSa‘f
Statistical experiments using techniques of sampling °°Casi°20L
arise where two or more frames will better model the target“ahy
population. If there is significant overlapping of sample {
the desired randomness will be adversely affected by duPlicaut&
of selection probabilities. We indicate an unbiased eStimato:n
for the size of the overlap along with an estimate of itg
variance. Using this knowledge, the sample size may be aq
to attain the desired precision. Examples of possible yge
are exhibited. (Some results arise from work being performeq
for the N.D. Supreme Court concerning jury selection.)

Justeg

STRATIGRAPHY AND PALEONTOLOGY OF THE UPPER CRETACEOUS MORDEN Mgy-
BER (VERMILION RIVER FORMATION) IN THE OUTCROP AREA, NORTHEASTER
NORTH DAKOTA. F. Wosick. Geol. Dept., UND, Grand Forks, ND 5820
The Morden Member is the oldest exposed bedrock unit, croppin:
out in eastern Cavalier County, northeastern North Dakota. It
overlies the Greenhorn Formation and underlies the Niobrara Forr-
ation. Three principal sections were measured and sampled at 2--
intervals. The member is a uniform, dark, noncalcareous,orgaric
rich shale. Concretion zones are the basis for surface to sub-
surface correlation. The Morden-Niobrara contact is marked by :
change upward to calcareous shale and an oxidized zone. The
Morden-Greenhorn contact is unexposed. The member is 200 ft.
thick in northeastern North Dakota and thins northwestward to
less than 25 ft. in northwestern Manitoba. It strikes northwest
and dips to the southwest at about 8 ft/mile. About 50 species
of foraminiferids have been recognized. Arenaceous benthonic
forms are more abundant, but less diverse, than calcareous
benthonic and planktonic forms. Haplophragmoides is the dominar
genus. Both the Niobrara and Greenhorn Formations contain
abundant planktonic foraminiferids. Macrofossils include
ammonites, pelecypods, and gastropods. The presence of marine
fossils and the thick sequence of uniform shale indicate that

the Morden Member was deposited in a quiet water, stable or
slowly changing marine environment.
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ue METABOLISM AS A REFLECTION OF ANTICONVULSANT ACTI-
oR ™ F METHAQUALONE (MTQ). G.]. Yutrzenka, T.K. Gupta,
ary Akers. and S.S. Parmar. Dept. of Physiol. & Pharm., Sch.
T";,;ed,, Univ. of N. Dak., Grand Forks, N.Dak. 58202

d Anticonvulsant activity of 2-methyl-3-ortho-tolyl-4-quinza-
¢ (MTQ) was determined against pentylenetetrazol (90 mg/kg,
_induced convulsions in mice. The anticonvulsant activity of
:ATQ (100 mg/kg, ip) decreased with increased length of adminis-
¥ on. The degree of protection by MTQ was 100%, 80%, and

0% during pretreatment of mice for 1 hr, 2 hr, and 3 hr, respec-
jvely, priof to the administration of pentylenetetrazol. During a
4-hr pretreatment, MTQ was devoid of anticonvulsant activity.
certain metabolites (4-methoxyphenyl, 6-methoxyphenyl, and
4,5-dimethoxyphenyl substituted derivatives) of MTQ possessed
0 anticonvulsant activity. L-DOPA (200 mg/kg, ip), administer-
o 2 hr prior to MTQ, decreased protection from 40% to 20%, 80%
10 60%, and 90% to 80% with 40, 60, and 80 mg/kg of MTQ, res-
pectively . These results indicate that metabolism of MTQ may
sccount for the time-dependent decrease in its anticonvulsant
sctivity.  (Supported by USPHS Grants 5-T01-HL-05939 and I-R01-
DA-01893 and by ONR Contract N00014-76-C-0219.)

Jon
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/E;DA’S RESEARCH PROGRAM RELATING TO
LIGNITE AND OTHER LOW-RANK COALS

Gordon H. Gronhovd
Director, Grand Forks Energy Research Center
Energy Research and Development Administration
Grand Forks, North Dakota 58201

ABSTRACT

Coal is expected to play an increasingly important role in meeting the Nation’s energy
requirements in the near and mid-term as supplies of natural gas and oil continue to diminish and
pecome more expensive. The Energy Research and Development Administration (ERDA) has a coal
program designed to greatly expand the use of our most abundant fossil fuel and to do so in an
economically and environmentally acceptable manner. Huge deposits of lignite and subbituminous
coal arc located in the Northern Great Plains and these low-sulfur coals are increasingly being
utilized as the shift to coal grows. ERDA is supporting a number of research, development and
demonstration projects relating to the use of lignite and other low-rank coals. This paper identifies
these projects and the associated funding and briefly describes the ERDA Grand Forks Energy
Research Center’s activities and other ERDA-funded industrial projects relating to the use of low-
rank coals.

INTRODUCTION

President Carter’s National Energy Plan as presented to the nation on April
20, 1977, might be called a combination of ‘‘Conservation and Coal,’’ at least
for the near term. With respect to coal, he is asking that production be increased
from the present 670 million tons-per-year level to 1.1 billion tons per year by
1985. This 400 million ton-per-year increase represents a tremendous challenge
to the coal industry, and it is expected that the huge deposits of lignite and sub-
bituminous coals in the Northern Great Plains will be looked to for supplying a
substantial portion of this increase.

The increased use of coal by 1985 will be largely for new powerplants and for
conversion of existing plants from gas and oil to coal. The President’s National
Energy plan does, however, also stress the need for continuing and expanded em-
phasis on the conversion of coal to synthetic gaseous and liquid fuels.

In this paper I will briefly describe ERDA’s programs in research, develop-
ment, and demonstration which are directed, in varying degrees, toward the
utilization of lignite and other low-rank Western coals. These programs consist of
in-house work at the Grand Forks Energy Research Center (GFERC); contract
research at universities and colleges; and contract research, development, and
demonstration cooperatively with industry. In Table 1, the various projects are
listed and the approximate funding levels indicated.

In the interest of brevity, not all of the projects listed will be discussed in this
paper. The CO, Acceptor and Hy-Gas projects have been reported extensively in
the literature (1,2)' The UND project on solvent refined lignite was covered in
the 1976 North Dakota Academy of Science Proceedings and another of the ER-
DA-funded projects at UND, the Chemistry of Coal Liquefaction, will be covered
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L

IL

10.

11.

12.

118
13.

14.

alkali scrubbing

Gasification
Project Organization
Slagging fixed-bed Grand Forks Energy
Research Center
CO, Acceptor Conoco Coal
Development Co.
Hygas Inst. Gas. Tech.
Gasifier and Bureau of Mines
grate kiln and industry
Small industrial gasifier Land O’Lakes
Small industrial gasifier University of
Minnesota
Low-Btu Gasification Erie Mining Co.
demonstration plant
Comparison of liquid University of
effluents from dry ash North Dakota
gasifiers
Liquefaction
CO-Steam process Grand Forks Energy
Research Center
Solvent Refined lignite University of
North Dakota
Chemistry of lignite University of
liquefaction North Dakota
Flash Hydrocracking Brookhaven
of Lignite Nat’l Lab.
Combustion and Emissions Control
Ash fouling studies Grand Forks Energy
Research Center
SO; control by ash- Grand Forks Energy

Research Center

—_—
TABLE 1. ERDA FUNDED PROJECTS RELATING TO LIGNITE
AND OTHER LOW-RANK WESTERN COALS

Location of Work FY 77

Grand Forks, ND

Rapid City, SD

Chicago. IL

Minneapolis, MN

Perham, MN

Duluth, MN

Hoyt Lakes, MN

Grand Forks, ND

Grand Forks, ND

Grand Forks, ND

Grand Forks, ND

Upton, NY

Grand Forks, ND

Grand Forks, ND

ERDA _Funding
Total
600 K _
21MM 3 MM
28 MM 44 MM
750K 2MM
—  27MM
- 22 MM
— 23 MM
98 K 98 K
500 K —
1000K  5MM
198K 551K
— 460K
330K -
300K -



ANNUAL PROCEEDINGS 3

Fluidized bed Grand Forks Energy ~ Grand Forks. ND 200K —

15  ombustion Research Center

Flv ash control by ESP Grand Forks Energy  Grand Forks. ND 310K —

16 Research Center

17. Industrial fluidized- FluiDyne Co. & Owatonna, MN — 2 MM
hed combustion Owatonna Tool Co.

in a separate paper at this meeting. In the space available I have chosen to discuss
our in-house activities at the Grand Forks Energy Research Center and the in-
dustry cost-shared coal research, development, and demonstration activities in
this geographic area.

ERDA IN-HOUSE RESEARCH AT THE GRAND FORKS
ENERGY RESEARCH CENTER
A. Slagging fixed-bed gasification.

The proposed first generation commercial gasification plants in this country,
including those for North Dakota, plan to use the German Lurgi process. In this
process, the gasification is carried out at a nominal pressure of 400 psig with
stearn and oxygen. Coal is charged to the top of a descending bed, countercurrent
to gases produced in the gasification zone where the steam and oxygen are in-
troduced. Moisture and volatiles in the coal feed are released in the upper part of
the bed and are carried out with the product gases. In conventional Lurgi gasifiers,
shown in Figure 1, the temperature in the gasification zone must be maintained
below the melting temperature of the coal ash in order to be able to discharge the
ash with a mechanical rotating grate. In order to control this temperature, excess
quantities of steam are injected, most of which pass through the gasifier unreacted
and must be condensed at the gasifier outlet.

At GFERC we are researching a high-pressure, fixed-bed gasification method
known as slagging gasification (3). In this process the operation is somewhat
similar to a blast furnace. The gasifier, as shown in Figure 2, does not have a grate
but it has a refractory-lined hearth and a slag taphole. The quantities of steam used
are greatly reduced, as compared to the Lurgi process, and the temperature is in-
creased to the point where the ash melts and becomes a liquid slag.

During the period from about 1958 to 1964, the GFERC slagging gasifier was
developed. The following advantages over the conventional ‘‘dry ash’’ Lurgi
gasifiers were demonstrated:

1. two- to fourfold increase in gas making capacity for a given gasifier size,

2. steam consumption reduced by a factor of 5,

3. quantity of liquid effluent greatly reduced, and

4. coals having low ash fusion temperature were well suited for the process.

The most serious disadvantage shown for the process was the problem of
reliably maintaining slag flow through the taphole. This problem is aggravated by
the small size of the unit. About the same time as the GFERC work was going on,
the British Gas Corporation was conducting similar tests on a larger slagging
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Figure 1. Conventional Lurgi Dry Ash Gasifier.

gasifier, and they obtained similar results. Table 2 shows a comparison of
operating results from the GFERC slagging gasifier and a commercial dry ash
Lurgi gasifier.

In 1964 the GFERC slagging gasifier program was stopped and the pilot plant
was put in standby status. As a result of the accelerated interest in coal
gasification, it was decided to restart the gasification project again in 1975. The
major emphasis of the research program was to be on the characterization and
treatment of the liquid effluent produced in the process.

Some refurbishing of the gasification pilot plant was required, including the
installation of a new oxygen supply system and control instrumentation.
Shakedown tests were started in the spring of 1976. During the past year the new
operating crew has been trained, and the gasifier is now being operated regularly
at the full pressure of 400 psig. The coal being gasified in the current series of tests
is a lignite from the Indianhead Mine at Zap, North Dakota.

In the current program, samples of liquid effluents are being collected by
various procedures to determine their quantity and chemical and physical charac-
teristics. The objective of the effluent studies is to produce data which will help
assess the environmental impact of fixed-bed gasifiers such as those being
proposed for North Dakota. Another objective of the current program is to
evaluate various candidate refractories for use in the hearth of the gasifier. This in-
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TABLE 2. COMPARISON OF RESULTS FROM GFERC
EXPERIMENTAL SLAGGING GASIFIER WITH COMMERCIAL
DRY ASH LURGI GASIFIER
- GFERC  Westfield
Slagging Scotland
Gasifier Lurgi Gasifier

Cross Sectional Area, ft* ........... ... .. 1.5 63.6

Operating Pressure, psig . .. ............... 400 355

Fuel analysis, pct:

MOISLUTE .« + v e et et e 23 16
Ash oo 7 15

Product Gas Composition, pct:

COy o 6 25
H. 30 40
CO o 59 25
CHa. oo e 5 10
Bru/ft oo 350 314

Gas Production, scth/ft> Hearth Area. .. ... ... 26,000 9,000

Matcrial Requirements:

O, tt'/mscfGas . ............. .......... 192 155
Steam, Ib/mscf Gas . . ........ ... L 10 37
MAF Fuel, Ib/mscf Gas. . ............... 34 28

Cold Gas Efficiency:

BtuCoal/BtuGas . .................... 85 81
Est. Cost, Time After Contract
Millions Award, months
Phase of Dollars Start  Finish
[ 24  Conceptual design for a commercial 0 12
process and for demonstration
plants.
I Detailed design of demonstration 9 22
plant.
213  Construction of demonstration plant. 22 52
11 44  Operation of demonstration plant. 52 —

$281
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odifications are expected to cost about 2 million dollars and are scheduled to be
completed in about 18 months.

In October of 1975, ERDA issued a request for proposal (RFP) for design,
construction, and operation of high Btu gasification demonstration plants. The
Conoco Coal Development Company was one of the two respondents selected for
contract negotiations. It is expected that a contract will be signed with Conoco in
the ncar future. The gasification method proposed by Conoco is slagging fixed-bed
similar to the GFERC process.

Conoco is joined in the proposal by the Lurgi Company and the British Gas
Corporation. These groups have been conducting slagging gasification ex-

riments in Westfield, Scotland, for the past two years under sponsorship of a
group of about 15 North American companies, including Conoco.

The ERDA slagging fixed-bed gasification demonstration program is divided
into the following phases:

ERDA will fund 100 percent of Phase I and 50 percent of Phases II and III.
The plant is to be located in Ohio and will use a caking coal from Ohio No. 9
coalbed. The demonstration plant will use 3,757 tons per day of coal and produce
58.9 million standard cubic feet per day of gas. This is less than half the size of the
125 million SCFD dry ash Lurgi plant being planned for North Dakota. Conoco
estimates the gas cost from the demonstration plant at $4.78/million Btu. Figure
3 is a flow sheet of the proposed slagging fixed-bed gasification demonstration
plant.
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—_
B. CO-Steam liquefaction process.

The CO-Steam process shown schematically in Figure 4 is a secong.
generation coal liquefaction technology for converting low-rank coals into ey,
vironmentally acceptable liquid broiler fuel, and with additional hydrogenatiop,
into refined products, including gasoline, distillate heating oil, and chemical feeg.
stocks. Conversion occurs by reaction with carbon monoxide and water to provide
in-situ hydrogen, nominal conditions are 4000 psi and 450° C. Factors bejp
studied are yield, viscosity, and reduction of sulfur, nitrogen, and ash contents of
the product.

Work on reaction kinetics is conducted in a modified one-liter batch autoclaye
which is capable of hot reactor charging and timed sampling of both gas and liquiq
products. Kinetic data have been obtained on the rate of disappearance of carbop
monoxide and hydrogen reacting with a selected North Dakota lignite and op
simultaneous changes in the molecular weight distribution and composition of the
liquid product. Results point to the possibility of more rapid conversion by reac-
tion with carbon monoxide through moderate increase in reaction temperature
and improved use of hydrogen donor compounds that are produced in the process.

Analytical techniques used to characterize CO-Steam products include gas
chromatography, low- and high-resolution mass spectrometry with computerized
data handling, column chromatography, high pressure liquid chromatography,
non-aqueous titration, UV, IR, and A A spectroscopy, and specialized separation
and characterization procedures. Studies have focused on the relationship between
product viscosity and other parameters, including molecular weight, asphaltene
and pre-asphaltene contents, weak acid content, concentration of non-polar con-
stituents, and oxygen content. Batch autoclave studies indicate that the high
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Figure 4. Schematic of continuous process unit, CO-Steam liquefaction process.
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molecular weight products produced at temperatures under 400° C depolymerize
1o lower viscosity products slowly at 440° C but rapidly at 475° C. Major
molecular species in the product oil have been quantitatively determined up to a
molccular weight of 378. Analytical data provide important insights into the reac-
tion mechanism, the role of hydrogen donor solvent, and the role of gaseous reac-
ants.

t A definite temperature dependence has been observed in the depolymerization
during liquefaction. Figure 5 shows typical molecular weight distribution profiles
of the CO-Steam product obtained by high pressure liquid chromatography
separation on gel permeation columns. This fraction of the CO-Steam product is
not distillable at 250° C and 1 mm Hg but is soluble in tetrahydrofuran, and this
amounts to 20-40 pct of the MAF coal. The profiles show that at 460-470° C, the
quantity of material over 600 molecular weight has been greatly decreased.
Ninety pct coal-derived products made at 470° C have been found to be liquids at
room temperatures.

Studies on flow pattern and turbulent mixing to improve reactor design are to
be carried out in a continuous process unit sized to treat 3 to 5 1bs of coal /hr. This
unit, currently undergoing shakedown, has been designed to provide flexibility
for studying backmixing (residence time distribution) and turbulence through the

RELATIVE CONCENTRATION

| 1 1
Vo 1ITO 500 325 230
MOLECULAR WEIGHT
Figure 5. Typical molecular weight distribution produced at reactor
temperature of a) 4000 C, b) 440° C, and c) 470° C for 20
to 40% of the MAF coal charged in the CO-Steam process.
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use of different reactor modules and the recycle of gas and/ orm
shakedown, this unit will be used to confirm favorable trends shown by the Wo:lt
on the time-sampled batch autoclave and to establish the effect of changes i eyq..
tor design parameters. The data on reactor design and the material balanceq ob-
tained from the continuous process unit will be used to establish specifications o,
a larger process development unit and to perform an economic evaluation cop,.
paring the CO-Steam process with catalytic hydrogenation technology.
C. Combustion - Ash Fouling

Nearly all of the present lignite production is used for power generatigy
Much progress has been made in designing powerplants for efficient use of lignite -
however, some serious problems remain, the most serious of which is thé
deposition of ash on boiler steam tubes. Problem coals cause rapid ash deposition
which can force repeated unscheduled shutdowns during difficult operating
periods; the capacity of the boiler can be lowered by as much as 10 to 20 pct; the
“thermal efficiency can be reduced by 10 pct, and 1 pct of the steam generated can
be used to operate on-line cleaning devices. The number of operating days per
year can be reduced by 10 pct. The economic penalty for forced outage of a large
boiler is very severe, amounting to over $100,000 per day in lost revenue for a
500 MW unit. These costs have prompted extensive research on ash fouling, star-
ting in the 1950’s and continuing until today.

Research at GFERC has included field testing in operating boilers (5),
operation of a 75-Ib/hr test furnace (6), and studies on the mechanism of the
fouling process (7). Basic supporting studies on ash fouling at GFERC include: 1)
characterization of mineral matter in Western coals, 2) examination of the
microscopic structure and analysis of boiler deposits, 3) determination of the
microscopic melting temperatures of fly ash particles and deposit fragments, and
4) studies on volatility of mineral constituents from coal and ash. Specialized
analytical tools available to this work include X-ray fluorescence, X-ray dif-
fraction, an electron microprobe, a scanning and analyzing electron microscope, a
heated stage microscope, and a graphite furnace attached to an atomic absorption
unit.

Much of the research on ash fouling at GFERC has been performed using a
specially designed pulverized-coal-fired furnace. This furnace, shown in Figure 6,
is designed to burn about 75 lb/hr of lignite under conditions similar to those
found in commercial powerplants. Probes simulating steam tubes in large boilers
are placed in locations in the ash-laden flue gas stream where the temperatures are
from about 2000 to 1600° F. A standardized procedure has been developed for
evaluating the relative fouling characteristics of a given coal by determination of
the weight of deposit collected in a given test time. Figure 7 is a comparison of the
ash deposits from a high fouling and a low fouling North Dakota lignite.

Over 100 coals have been tested in this program, and more than 400 in-
dividual tests have been run. Most of the coals tested have been lignites and sub-
bituminous coals from the Northern Great Plains. The most consistent result ob-
tained from the program is that the rate of ash deposition is a function of the
sodium and ash contents of these coals. This effect is shown graphically in Figure
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FIGURE 7. Comparison of ash deposits from a high fouling lignite (top) with
those from a low fouling lignite (bot). Deposits produced in GFERC test furnace
during 5 hr. test.
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Most of these Western coals will require SO, removals in the stackm
40 pct to meet NSPS. The most common method of SO, removal is by use of a
stack-gas scrubber, in which lime or limestone converts the SO; to calcium sylfi
or calcium sulfate.

North Dakota lignite and other Western low-rank coals produce ashes cop.
taining substantial alkaline oxides—CaO, MgO, Na;O, and K;O. For the pas; 5
years GFERC has been working on a process which substitutes the natural a4,
alkali for the lime or limestone reagent used in scrubbing systems.

This research has been conducted using a 120-scfm laboratory-scale scrubber
at GFERC and a 5000-cfm pilot scrubber in a cooperative program with Mip.
nkota Power Cooperative, Minnesota Power and Light Company, and Copm,.
bustion Equipment Associates. The GFERC laboratory-scale wet scrubber jg
shown in Figure 9, and Figure 10 shows the 5000-scfm scrubber being tested at
the Milton R. Young Generating Station at Center, North Dakota. Typica
results from the 5000-cfm pilot scrubber are shown in Figure 11.

The results from this program (8) have demonstrated that ash alkali scrubbing
can be used successfully and at lower cost than the lime-limestone scrubbing
method. The 450 MW Unit 2 at the Milton R. Young Station will use this
process. The plant is expected to be in operation by the summer of 1977.

E. Fluidized-bed combustion.

800 . T T T T T T T T | —
o
—_—
- Ash: o lon Sodium |
a Coal exchange acetate
11.8% (dry basis) - -
O - Decker x
600 ® - Decker B
@ - Decker X
Yy - Decker 3 b3
Decker 4
a - Cmsmp} blend  x x
O - Colstrlp X

a

Ash:8.2% (dry basis)

200 ] n

PROBE DEPOSIT WEIGHT , grams

SODIUM CONTENT, percent Na,O in ash

Figure 8. Probe deposit weight versus sodium content in ash at three ash levels for
subbituminous coal. Data from GFERC 75-1b/hr furnace.
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F. Fly ash control by electrostatic precipitation.

The Federal New Source Performance Standards require that fly ash em;
must not exceed 0.1 Ib/million Btu heat input to the boiler. In order to meet 1,
standards, collection efficiencies of over 99 pct are often required. The mog; coese
mon apparatus used to attempt to achieve these efficiencies is an electrostartr']
precipitator. These devices have been available for many years; however th;ere I;E

SSiong,
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Figure 13. Measured vs. predicted resistivity at 300° F based on fly
ash cnemical composition. Fly ash produced from burning
lignite and other low-rank Western coals.
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il considerable uncertainty in the design o units for use on low-sulfur Western
f"alEFERc has for some years conducted research to better define the factors af-
ing the opqrgtion of electrostatic precipitators. If is geperally accepted that
dlectrical resistivity of the fly ash is the most important single factor affecting
precipiunor performance. For good per_fo_rn_]ange, resistivity should be in the range
of 10° 10" ohm/cm. Electrical resistivity is a function of temperature and
mnoisture content of the flue gas and of the chemistry of the fly ash. GFERC has
Jeveloped a correlation relating chemical composition to resistivity based on
measurements on ashes from various Western coals, as shown in Figure 13.(10).

GFERC has conducted in-house experi-nents using a plate-type pilot elec-
rostatic precipitator in conjunction with the ash fculing furnace. Operation of this
unit was not satisfactory until now. A new specially design=d 75-Ib/hr pulvenzed-
coalfired furnace and an associated tubular pilot electrostatic precipitator have
been installed. This unit, which is shown in Figure 1. will be used to.flre sam-
ples of coal from new mining areas and provide information which will permit
more precise design of commercial precipitators to be used with _this coal. This
equipment will also be used to study dry sorbents such as Nahcolite or trona for
50, absorption as an alternative to wet scrubbing and to study the control of
ultrafine sulfate particulates.

fect

ERDA COST-SHARED INDUSTRIAL PROGRAMS
USING LOW-RANK COALS
A. Gasifiers in industry program.

This ERDA program involves the direct use of low-Btu gas in industrial ap-
plications. Small-sized individual gasifiers are currently available and will be the
first application of synthetic gas from coal in industry. Coal will be prepared for
gasification and converted to a low-Btu fuel gas in a gasifier located at the in-
dustrial plant. The fuel gas will be purified to remove particulates and condensible
products. The program is designed to determine the factors controlling the con-
nection of gasifiers to the end user of the gas in industry.

As a result of a recent ERDA project opportunity notice, six proposals were
selected for negotiations. Two of the proposals were for installations in Minnesota
and will be tested on low-rank coals. One gasifier will be located at the Land-
O’Lakes Creamery at Perham and will be used to fire a boiler for process steam.
The other gasifer will be located at the Duluth Campus of the University of Min-
nesota and will be used to supply steam heat to the campus. It is expected that low-
sulfur Western coals will be used in both of these gasifiers. Some details of these
industrial gasifiers are given in Table 3.

ERDA is also participating with the Bureau of Mines and an industrial group
in another program relating to industrial gasifiers. The program is designed to
evaluate the use of low-BTU gas to fire a grate kiln for induration (hardening) of
taconite pellets. An existing small industrial gasifier will be relocated from the
iron range to the Bureau of Mines Twin City Metallurgy Research Center in Min-
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aeapolis- This project which will also use low-rank coals, is expected to be
Opermional by late 1977.
B. Low-Btu gasification demonstration program.

ERDA also has a program for larger-scale testing of low Btu gasifiers. As a
result of a request for proposal (RFP) issued by ERDA, 15 firms submitted

roposals for a low-Btu gasification demonstration plant. Two proposals were
selected for negotiations, one of which was a proposal by Erie Mining Company to
install a gasifier at their Hoyt Lake, Minnesota, taconite plant. The gas will be
purncd to supply heat for induration of taconite pellets. Woodall Duckham’s at-
mospheric pressure fixed-bed gasifiers will be used in the demonstration facility.
some data on the gasifier program are given in Table 3. The demonstration
facility will consist of five 12t diameter gasifiers, and they will gasify about 500
tons of coal per day. Plans are to test both a high-sulfur Illinois coal and low-sulfur
Montana subbituminous coal in the program. If the operation is successful, Erie
Mining Company plans to triple the size of the plant at a later date. The total cost
of the demonstration program is 39 million dollars and ERDA funding is 23
million dollars.

C. Fluidized-bed combustion—industrial application.

FRDA also has a program for demonstrating the applicability of atmospheric
fluidized-bed combustion to industrial applications. Four areas of industrial ap-
plication are to be investigated: 1) saturated steam boilers, 2) superheated steam
gencrator, 3) indirect fired process heater, and 4) direct fired process heater.

FRDA has negotiated a contract with the Fluidyne Company to design, con-
struct, and test a FBC for Category (3) indirect fired process heat. The unit, to be
installed at the Owatonna Coal Company, Owatonna, Minnesota, will be
desizned to burn 1-1/2 ton/hr of coal and supply flue gas to heat air for metal-
working at 900° F. Plans are to test lignite and other low-rank coals, as well as
higher sulfur coals, in this unit.

SUMMARY

FRDA’s program for coal research, development, and demonstration places
considerable emphasis on the use of lignite and other low-rank Western coals. as
well as the high sulfur Eastern bituminous coals. In the near term there will be a
great emphasis on the displacement of gas and oil by coal for power generation and
industrial use. ERDA is funding projects both in-house and by contract that are
designed to achieve increased use of low-rank Western coals in an en-
vironmentally acceptable manner.

Lignite and other low-rank fuels have distinct advantages for most conversion
processes because of their high reactivity and non-caking properties. ERDA is
funding liquefaction and gasification research relating to lignite and other low-
rank coals at various scales of operation ranging from laboratory studies to demon-
stration plants, and it is expected that the results of these programs will have a
protound influence on the fuel supply options available in the Upper Midwest in
the coming years.
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pISTRIBUTION OF HYDROPSYCHIDAE (TRICHOPTERA)
IN SANDHILL STREAMS OF
SOUTHEASTERN NORTH DAKOTA

S. C. Harris and R. B. Carlson

Department of Entomology
North Dakota State University
Fargo, North Dakota 58102

ABSTRACT

Larvae of Hydropsyche slossonae Banks, Hydropsyche betteni Ross, Hydropsyche simulans
Ross. and Cheumatopsyche pasella Ross (Hydropsychidae: Trichoptera) were found to occur in sand-
hill streams of southeastern North Dakota. In areas where the current was swift, H. slossonae was
common. Hydropsyche betteni was restricted to a riffle area immediately downstream from a stream
impoundment. Hydropsyche slossonae, H. simulans, and C. pasella were collected in the slow
moving waters of the undercut stream banks. As the Hydropsychidae are net-spinners, the presence
of H slossonae, H. simulans, and C. pasella in an area of slow moving water is unusual.

INTRODUCTION

The larvae of the Hydropsychidae generally prefer cool, swift streams with
abundant riffle areas. Members of the family spin nets, in front of retreats, to cat-
ch biota swept in by the current. This mode of feeding suggests that the
distribution patterns of hydropsychid larvae should be related to stream flow rates
(Chutter, 1969 ; Edington, 1965). This paper reports on the species distribution
of the family in springbrooks, of the sandhill region of North Dakota, where the
typical riffle habitat is absent. .

DESCRIPTION OF STUDY AREA

Two springbrooks, Iron Springs and Ransom Springs are located in the
Shevenne delta, in Richland and Ransom Counties respectively, of southeastern
North Dakota. The delta consists predominantly of fine sand and some gravel to
depths of 60 feet (Baker, 1967). Iron Springs is 3.5 km long, with an average wid-
th of 2.2 m; Ransom Springs is 1.2 km long, with an average width of 1.3 m.
Both springbrooks have fairly uniform substrates of fine sand with accumulations
of silt and detritus at the margins. The springbrooks are spring and seepage fed
over their length by the Sheyenne aquifer. Water from the aquifer is typically hard
and relatively high in dissolved solids (Baker, 1967).

MATERIALS AND METHODS

Permanent sampling stations were established at eight locations along Iron
Springs and at three locations along Ransom Springs. The numerals designating
these sampling stations increase from the spring headwaters. A detailed descrip-
tion of sampling stations is contained in Harris and Carlson (1975).

Sites within the stations were sampled monthly from March to November
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during 1974 and 1975 and also in January, 1975. Samples were obtained with a
Neil-type, cylinder sampler from sites at the stream center and at the strean
margin. The sampler enclosed 0.6 m? of substrate to a depth of 6 cm. Substrage
materials were screened (300 mm mesh) and the remainder preserved in 709,
ethyl alcohol. Specimens were removed from the substrate materials, sorted by
taxa, and stored in 70% ethyl alcohol.

The springbrooks were qualitatively sampled with an aquatic net during the
spring and summer of 1975 and 1976. Specimens were sorted in a white pan ang
transferred to 70% ethyl alcohol. Light traps of the Texas type equipped with Uy
bulbs, placed on the stream banks, were used to collect adults.

Water samples and measurements of physical parameters were taken at the
time of sampling. Water samples were analyzed with a Hach DR-EL laboratory
and the pH was determined with a Corning (Model 10) pH meter. Specific con-
ductance was determined with a Lab-Line solu-bridge (Model MC-1). Flow wag
measured with a pygmy flow meter (Scientific Instruments, Wisconsin). Stream
depth, width, and temperature were also recorded.

RESULTS AND DISCUSSION

Cheumatopsyche pasella and Hydropsyche slossonae , with the latter the most
common, were the only hydropsychids collected with the Neil sampler (Table 1).
In general, H. slossonae did not occur at the headwaters of the springbrooks
(Stations I, II, RI, RII). In both springbrooks, sampling sites at the headwaters
were characterized by low stream flow (12 cm/sec) and shallow water (6 cm).
Flow rate and depth, along with high dissolved solids (>800 mhs/cm, specific
conductance) and high iron levels (>3 mg/1), may have served to limit the oc-
currence of H. slossonae at the headwaters of Iron Springs.

TABLE 1. Hydropsychidae collected by Neil-type sampler in Iron Springs and
Ransom Springs (R) from March to November 1974 and 1975, and January
1975.

Site H. slossonae C. pasella

0

1
134
75
149
113
21
32

0
1
62
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In the downstream reaches of the springbrooks, 198 H. slossonae were collec-
ted at the stream margins and 288 at the stream center. At the stream margin,
the mean stream flow was higher at sites where H. slossonae were present (Table
2). Only 9 specimens were collected at current velocities below 11 cm/sec. This
might be expected since the mode of feeding of hydropsychids is current related
and at low flows feeding nets are not constructed (Philipson, 1953 ; Scott, 1958).
However, at the stream center occurrence of specimens did not seem to be related
to stream flow rates (Table 2). Along with suitable current velocity, the hydrop-
sychids require stable substrate for attachment of feeding nets. Sampling data
revealed that in all cases where H. slossonae were collected at the stream center,
the substrate contained detritus or gravel. It would seem then that at the stream
margins, where material suitable for attachment of nets was abundant, stream
flow governed the distribution of larvae and at the stream center, where flow rates
were suitable, the substrate composition was a determining factor. Stream depth
did not appear to influence distributional patterns of H. slossorae (Table 2).

Light traps placed on the banks along the lengths of Iron Springs and Ransom
Springs yielded four species of Hydropsychidae (Table 3). Based on numbers cap-
tured, it seemed likely that H. slossonae, H. simulans, and C. pasella would occur

TABLE 2. Mean stream flow and stream depth for specific sites and times,
within stations III-VIII and RIII, at which Hydropsyche slossonae were present
(P) or absent (A) in collections. Number of observations in parenthesis.

All Sites at Sites at
sites stream margin _stream center
®)230(79) 180 (44) 31.0 (35)
Stream Flow (cm/sec)  ay5100(238) 7.0 (111) 33.0 (127)
®)149(79) 89 (44) 233 (35)
Siream Depth (cm) (A)11.8(247)  7.3(110) 15.4 (137)

TABLE 3. Adult Hydropsychidae captured in light traps, positioned on the
banks of Iron Srpings and Ransom Springs, during the summer of 1974 in Rich-
land and Ransom Counties, North Dakota.

Species Males Females
Hydropsyche slossonae 49 40
Hydropsyche simulans 10 12
Hydropsyche piatrix 0 2

Cheumatopsyche pasella 12 42
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in the springbrooks. Since H. slossonae was the only species commonly collec d
in quantitative sampling, the habitats of the other species were apparently rnisse(ei

By qualitative sampling, the habitats of H. simulans in sandhill Springbrook,
were determined to be undercut stream banks and stickjams at the stream cemes
(Table 4). Flow rates in these undercut areas are slow, the undercutting occurrinr
due to the collapse of the unstable sand stream banks, rather than erosion by a fasy
current. Both C. pasella and H. slossonae also inhabited the slow waters of the un-
dercut stream banks. The reasons for occurrence of H. simulans and C. pasel), in
these slow moving waters are obscure. Perhaps as Hughes (1966) has suggesteq
shade may be a factor in distribution patterns. It is also possible that H. s/ossong,
has a competitive advantage in the use of the limited suitable substrates tha
occur in the areas of higher flow, thereby limiting the other two species tq
marginal habitats. Hydropsyche piatrix, though captured in light traps (Table 3)
was not collected as immatures by either sampling methods. The species probably
occurs in the nearby Sheyenne River, rather than in the springbrooks.

Another species, H. betteni was collected in a rocky riffle immediately down-
stream from a stream impoundment (Table 4). The rocky riffle, which formed

TABLE 4. Hydropsychidae collected during qualitative sampling of Iron
Springs and Ransom Springs during spring and summer of 1974 and 1976.

Undercut
Species streambank Stickjam Rocky riffle
Hydropsyche slossonae 34 51 63
Hydropsyche simulans 9 6 0
Hydropsyche betteni 0 0 16
Cheumatopsyche pasella 51 5 1

from the breakup of the impoundment dam, was the only such area in the
springbrooks. Ross (1944) has reported this species to occur in a similar habitat in
Nlinois.
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NORTH DAKOTA FLEAS. VII. SIX NEW RECOF
FROM PERIPHERAL REGIONS OF THE STATE

Omer R. Larson
Department of Biology

University of North Dakota, Grand Forks, North Dakota 58202

INTRODUCTION

This paper continues the reports of a decade of studies on the Siphonaptera of
North Dakota. Scattered collections from the past several years, an old vial of birg
fleas, and a series of specimens at the University of Minnesota yielded six species
not previously reported from North Dakota and are herewith reported. These six
additions are considered in the context of their North American and probable
North Dakota distributions. They, along with earlier check-lists and the
Genoways and Jones (1972) collections, bring the state’s known flea fauna to 42
species.

METHODS

All fleas were preserved in 70 percent ethanol prior to bleaching in 10 percent
potassium hydroxide. Whole mounts were prepared by conventional techniques
described previously (Woods and Larson, 1970). All accession numbers refer to
specimens cataloged in the University of North Dakota Parasitology Collection.

RESULTS AND DISCUSSION

Family Pulicidae
Cediopsylla simplex (Baker)
No. 891-892 from Sylvilagus floridanus similis Nelson, Cass Co., 4 February
1973, 4 females.

Cediopsylla Jordan is a common and widespread genus of North American
leporids. The 100th meridian is an approximate boundary between C. simplex to
the east, and C. inaequalis inaequalis (Baker) to the west, although the species
overlap in eastern Nebraska (Rapp and Gates, 1957). Cediopsylla i. inaequalis is
known to occur in Slope and Bowman Counties of southwestern North Dakota
(Voth and James, 1966), and from unpublished records of S. audubonii baileyi
(Merriam) in Billings County. The distribution of Cediopsylla spp. between the
Red River Valley and the North Dakota Badlands is unknown.

Family Hystrichopsyllidae
Nearctopsylla genalis hygini (Rothschild)
No. 874-876 from Blarina brevicauda brevicauda (Say), Grand Forks Co., 23 Oc-
tober 1972, 3 females.
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Two valid subspecies of N. genalis are recognized east of the Rocky Moun-
ains from shrews, moles, and their mustelid predators. One of these, N. g.
onalis (Baker), extends from Michigan eastward to the Atlantic. The other sub-
Species. N. g. hygini, occurs in the northern Great Plains, from Alberta, Saskat-
chewan and Manitoba, southward to Iowa and Nebraska. Several specimens from
the last two localities were re-identified at the British Museum of Natural History
s N. ¢ hygini (Hopkins and Rothschild, 1962). Although the University of Nor-
+h Dakota Parasitology Collection contains N. g. hygini from Minnesota (2 from
Jtasca State Park and 7 from Dakota County), the eastward distribution of this
subspecies remains unknown. Specimens from Cook County, Minnesota were not
identified to subspecies (Timm, 1975), nor were others from Bayfield County,
wisconsin (Knipping, et al. 1950), or northwestern Illinois (Verts, 1961). The
distribution of N. g. hygini in North Dakota may well reach the Missouri River.
West of that, B. b. brevicauda is absent, and shrews in general are scarce.

Family Leptopsyllidae
Ampbhipsylla sibirica pollionis (Rothschild)
No. 521 from Clethrionomys gapperi loringi (Bailey), near Lake Metigoshe in
Bottineau Co., 5 May 1961, 1 female.

Amphipsylla sibirica is a polytypic species of northern and montane areas of
the Holarctic region. In North America it is represented by two subspecies, A. s.
pollionis and A. s. washingtona Hubbard, the latter considered a full species ac-
cording to Holland (1958). Ampbipsylla s. pollionis ranges from Alaska and the
Yukon, southward along the Rocky Mountains through Alberta. Holland (op.
cit.) also reported a disjunct population from northern Labrador. The only
previous locality record from the contiguous United States is from southeastern
Idaho, where specimens were described as similar to A. s. pollionis (Allred,
1968). Its occurrence in North Dakota is the most southern, non-mountainous
record in North America, a thousand miles from the nearest known populations
in Alberta. In addition to our specimen, seven others from the same lot of fleas are
in the University of Minnesota Entomology Collection.

Family Ceratophyllidae
Ceratophyllus styx riparius (Jordan and Rothschild)
No. 559-563 from nests of Riparia riparia riparia (L.), Homme Dam site in Walsh
Co., 26 July 1949, 5 males, 5 females.

Ceratophyllus styx is also a polytypic, Holarctic parasite. It is represented
across North America by one subspecies, C. s. riparius. The true host is the bank
sbwz(zjﬂow, R. riparia, and in North Dakota the flea can be expected wherever this

ird nests.

Orchopeas howardii howardii (Baker)
No. 906-907 from Sciurus niger rufiventer E. Geoffroy St.-Hilaire, near Thom-
pson in Grand Forks Co., 15 September 1973, 2 males, 2 females.
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This is a common and widely distributed flea on gray, red, foxanTyin
squirrels east of the 100th meridian. Its true host appears to be the gray Squirre]
In eastern North Dakota and north-central Minnesota, tree-dwelling Squirre]s
may typically have Monopsyllus vison (Baker) and O. caedens (Jordan) (Woodz
and Larson, 1970; Benton, et al., 1971). The occurrence of O. 4. howarg;; in
North Dakota is unknown, but the introduction of gray squirrels into Ming
Bismarck, Valley City, Jamestown and the Killdeer Mountains (Hibbard, 195()')
over the past 75 years, may mean that the flea also occurs in those localitjes
Similar transplantation of squirrels from eastern North America has introduceg
O. b. bowardii into portions of California, England and Ireland.

Orchopeas sexdentatus agilis (Rothschild)
No. 913 from Sylvilagus audubonii baileyi (Merriam), 2 mi. w. of Medora ip
Billings Co., 29 December 1973, 1 male, 1 female.

Orchopeas sexdentatus ssp. has been collected from many species of mam-
mals, but is typically associated with woodrats (INeozoma spp.) throughout that
host’s range. Lewis (1975) listed 8 subspecies from North America, with 7 of
these occurring west of the Mississippi River. The flea’s variable morphology
makes many subspecific identifications tenuous, especially from the montane
areas of the west. However, O. s. agilis is one of the more distinctive subspecies. It
is a common flea, known to occur from the Pacific Northwest to eastern Montana
(Jellison and Senger, 1973). Examination of woodrats from the North Dakota
Badlands should yield additional records of O. s. agilis.
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A TRIAL OF ELEVEN SOURCES OF PICEA ABIES
IN NORTH DAKOTA AND MINNESOTA

James L. Van Deusen
Rocky Mountain Forest and Range Experiment Station
North Dakota State University-Bottineau Branch Campus
Bottineau, North Dakota 58318

and

Hans Nienstaedt
North Central Forest Experiment Station
Institute of Forest Genetics
Rbinelander, Wisconsin 54501

ABSTRACT

Eleven seed sources of Picea abies from eastern Europe and Russia were tested on the Denbigh
Experimental Forest in North Dakota and Pike Bay Experimental Forest in Minnesota. Overall sur
vival at Pike Bay was uniformly good (94.4 percent) throughout the first 10 years. At Denbigh, un
der average growing season precipitation, survival of all sources declined to 67 percent during the
first five years. After two more vears. in which growing season precipitation was unusually low. the
overall plantation survival averaged less than 6 percent.

Norway spruce may still be a useful conifer in North Dakota shelterbelts. but its success will
depend largely on careful matching of seed sources with planting sites. Container-grown stock. tested
under controlled greenhouse conditions and screened for adaptability. could form a reservoir of adap
ted plant material.

INTRODUCTION

Foresters and farmers have long recognized the need for coniferous trees that
will survive and grow well in the northern Great Plains. A dilemma has
developed, however, because more rapidly growing broadleaved trees are favored
over the slow growing adapted conifers.

Conifers, however, have desirable traits absent in broadleaved tress. Their
year-round foliage affords winter protection for humans, livestock, and wildlife.
They also provide an esthetically pleasing contrast to an often bleak winter lan-
dscape. In addition, once the coniferous shelterbelt reaches the desired density, it
can be maintained without frequent pruning.

The limited number of proven coniferous species we now have is not sufficient
to meet the varied needs of tree planters in the northern Great Plains. Thus, it is
important to continually search for adapted, rapidly growing conifers that can
provide evergreen shelterbelts for this region.

Norway spruce (Picea abies (L.) Karst.) is one possibility for northern Great
Plains shelterbelts. Norway spruce trees are occasionally found in old farmsteads.
undoubtedly planted from seeds carried along by early residents.

Prior to our test, the only experimental planting of Norway spruce on the
Denbigh Experimental Forest had failed. However, Hoag (1965) observed Nor-
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way spruce trees in North Dakota plantations. He contends that the Norway
spruce is adaptable to North Dakota. Similarly, Ross (1931) reported Norway
spruce as ‘‘almost hardy’’ at Indian Head, Saskatchewan, Canada.
Geographic origin often determines the difference between success and failure
for introduced plant material. Early plantings of Norway spruce in North Dakota
were probably from German and possibly Scandinavian sources. Trees from these
sources may not have been adapted to northern Plains conditions. However, other
provenances from climatically similar regions might produce trees adapted to
these sites. This hypothesis is strengthened by Logginov’s (1964) success of Nor-
way spruce establishment in shelterbelts in the Steppe of the Ukraine from seed of
“Jocal’’ sources. Similarly, Larsen (1956) also reported better results growing
Norway spruce in Denmark and southern Sweden from seed of more southerly
regions of central Europe than from sources in Finland.

Slabaugh and Rudolph (1957) tested 12 European sources of Norway spruce
in Michigan. After the first 15 years they found average heights to range from 1.2
m (3.8 feet) for a Yugoslavian source to 2.2 m (7.3 feet) for a Polish source. They
also observed significant differences in frost damage among the 15 sources.

THE STUDY

A small provenance test of Norway spruce seeds from various sources was
begun in 1957 on the Denbigh Experimental Forest near Towner, North Dakota
and the Pike Bay Experimental Forest near Cass Lake, Minnesota. At the time
the study was established, both experimental forests were under direction of the
Lakes States Forest Experiment Station. The Denbigh site was intended to test
trees under conditions representative of grassland or prairie regions, while the
Pike Bay site was more representative of the northern boreal forest.

Seed source locations for the 11 test sources are shown in Table 1. All seed
sources except 1864 originated from 6° to 16° north of the planting site, but
represented regions of relatively low rainfall and continental temperatures.
Provenances 1852 and 1863 represent climates most similar to the North Dakota
planting site; whereas, 1853 and 1862 most resemble the Minnesota site. The
European origin of 1864 is not known.

Sources 648, 649, 652, 653, and 654 were seeded in the nursery at
Rhinelander, Wisconsin in the spring of 1957, transplanted as 2-0 in 1959, and
again as 2-2 in 1961. The remaining planting stock was shipped as 3-0 stock to
Rhinelander from Petawawa Forest Experiment Station, Ontario, Canada and
grown for 2 years in a nursery 50 miles north in Michigan.

All trees were handplanted in tilled ground at Denbigh and on cleared ground
at Pike Bay. The plantation design consisted of 4-tree plots of each source, in 10
replications, planted 2.1 x 2.1 meters apart. Trees that died during the first year
were replaced in the spring of 1963.

At Denbigh, competing vegetation was subdued by mechanical cultivation
each year, with one application of Amazine during the 1966 growing season. At
Pike Bay, Amazine was used without any cultivation.
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Table 1. Location and climatic characterization of Norway spruce provenay.
ces tested on the Denbigh and Pike Bay Experimental Forests.

Mean Froy
North East annual tree
Seed lati longi temp  Preap seagon
source Provenance tude tude (O mmP (davyy
L (daysy

648 Taborinski Dist., U.S.S.R. S8 30 64 30 02 515 105

649 Ust-Vymski Dist., 62 15 50 45 1.6 500 88
Komi ASSR.

652 Zhelesnodorozhny Dist., 62 45 51 0 1.6 500 )R
Komi A.S.S.R.

653 Shkalouski Dist., U.S.S.R. 5415 30 15 5.8 6200 146

654" Upper Travdinski Dist., 58 000 65 30 1.6 500 88
US.SR.

1844 Olsztyn, Poland 53 45 20 30 73 SI& 153
1852 Bashkiria, U.S.S.R. S4 000 ST 000 25 417 130
1853 Bauske, Latvia 5630 27 45 5.3 626 132
1862 Minsk, US.S.R. 55°00°  27°00° 53 026 132
1863 Kaluga, US.SR. 54° 300 36 15 1.7 169 135
1864 Petawawa Forest Experiment 46 o0 77 30 150"

Station, Chalk River,
Ontario, Canada

Planting site, North Dakota 48 45 100 00 4. 4200 139

Planting site, Minnesota 47 300 94 45 38 675 110

V' Picea obovata

*/Based on 1 to 3 weather stations in the region of origin and must be con-
sidered approximation.

3/Based on Station Zwickau, East Germany.

4’West longitude.
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RESULTS AND DISCUSSION

After 10 years in the field, the confounding effects of nursery production of
the stock are no longer demonstrable. Significant differences among sources are
indicated for survival and height variables in most instances where performance
seemed good enough to warrant analysis, and where subsequent performance
seemed to justify it. From a practical standpoint, however, there is little or no in-
formation to be gained by such analyses. Inspection of the means reveal where the
practically important differences lie.

Survival. —On the Denbigh Experimental Forest, survival of all sources after
six field seasons was unacceptably low, and by the seventh year the plantation
average was less than six percent. Two sources had died out completely by 1968
(Table 2). At Pike Bay, in contrast, survival after 10 field seasons was remarkably
good for all sources, with a plantation average of almost 95 percent. Because trees
from all provenances were growing well at Pike Bay through 1971, their per-
formance will not be discussed in detail in this report.

Survival at Denbigh, even though lower at each successive measurement than
at Pike Bay, was averaging enough after 5 years (70 percent) to be encouraging
(Table 2). Ranking of sources was about the same from one year to another within
plantations, but survival at Pike Bay was consistently better than at Denbigh.

Tests of other spruce species at Denbigh have been comparable to the first five
years of this trial. Mean survival after five years in the field at Denbigh for seven
sources of blue spruce, Picea pungens was 62 percent (Dawson and Rudolf 1966),
while 68 percent of 15 sources of white spruce (Picea glauca) survived (Nienstaedt
1977). However, none of the critical, cyclical droughts characteristic of the Great
Plains occurred during 1962-1965 at Denbigh. It was not until the fifth growing
season that droughty conditions appeared. Growing season precipitation, and
departure from normal, at Granville, North Dakota (U.S. Weather Bureau sub-
station 10 miles west of the experimental forest) is shown in Table 3.

In midsummer 1966, precipitation was below normal, and the 1967 summer
was also unusually dry. It was not until near the end of the 1968 growing season
thar critically low soil moisture was beginning to be replenisked. The water table
at Denbigh was relatively high, but spruces were characterisitcally shallow-rooted
(Preston 1950). Seedlings in only their fourth or fifth growing season probably
were not tapping it.

In 1966 and 1967 precipitation was less than 280 mm (11.0 inches) during
April through September, and the combined growing-season precipitation for
those 2 years was 503 mm (19.8 inches). Records from nearby Granville, North
Dakota show precipitation was that scarce for two consecutive years only three
times between 1931 and 1974. It was impossible to determine how much
moisture would have been needed during the critical years of 1966 and 1967 to
prevent so many spruces from dying, but perhaps few might have survived if
irrigated periodically during 1967 while the trees were still little more than
seedlings.
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TABLE 3. Growing season precipitation (mm) at the Denbigh Experimental
Forest.'

Departure
year April May June July Aug.  Sept.  Total from normal
962 11104 75 67 56 s 318 - 6
963 69 8 135 54 28 18 38  + 62
1964 45 72 129 58 97 447 +122
1965 26 80 65 105 43 83 402 + 78
1966 30 53 65 44 72 12 276 - 48
1967 106 21 33 3 22 43 228 - 96

1968 16 61 67 43 155 58 400 + 76

'Precipitation actually recorded at Granville, North Dakota, 10 miles west of
the Denbigh Experimental Forest.

Based on 1966 data, seed sources from milder climates with long growing
seasons (the more southerly populations) survived best at Denbigh. Correlation
coefficients r = .81** and r = .62* for growing season and latitude are both
significant. In addition, the most vigorous seed sources tended to survive best: r
=.03* for 1966 survivals.

Height Growth.—Average heights of more than half the provenances after
five field seasons at Denbigh were greater than their counterparts at Pike Bay
(Table 2). The provenances which grew best at Denbigh originated from latitudes
ranging only 54° to 55° North, excepting provenance 1864 for which the
European source is not known. Heights differed significantly among sources at
Pike Bay in 1971. Only source 652 from the northernmost latitude was
significantly shorter on the average than trees from other provenances, although
geographic trends in height were not well defined.

White spruce or any other North American spruce species were not included
in the test, but white spruce seed sources were compared to the adjacent stands of
Norway spruce at Denbigh and Pike Bay. The Norway spruce heights compared
favorably with white spruce only until age five. After 15 years at Pike Bay, Nor-
way spruce averaged about half the height of the white spruce.

Winter Injury and Spring Frost Damage.—Winter injury, which results in
needle browning and subsequent needle drop, was estimated periodically in both
plantations. It has been a major cause of damage to Norway spruce planted in the
Lake States in open field conditions.

Table 2 shows the relationships between winter injury and seed origins, and
compares winter injury with other tree characteristics. Seed sources collected
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from areas with more severe, short growing seasons, generally more Norther]
regions, had the least amount of damage. Branches protected by deep winter snow
packs do not sustain winter injury. Therefore, a negative correlation betweep, tree
height and winter injury might be expected while trees were small, but it wa not
significant.

Damage from late spring frost also affects Norway spruce planted in the open
In this respect, the species was similar to native white spruce. In 1972 at pj,
Bay, trees from two of the most southerly populations showed the most severe
(24-25%) damage to new shoot growth (Table 2). Repeated spring frost injury can
materially reduce height growth and cause ultimate failure of spruce plantings, J;
may partially explain the poorer performance of Norway spruce in comparisop
with white spruce at Cass Lake, Minnesota.

CONCLUSIONS AND RECOMMENDATIONS

Even though seed sources tested at Denbigh have not done well over long time
periods thus far, they survived and grew satisfactorily under average Denbigh en-
vironmental conditions. Therefore, Norway spruce should not be entirely written
off as ill-suited to North Dakota. The tests provide some information to guide the
future search for populations adapted to the rigorous climate in the northern
Plains.

Based on survival at Denbigh and growth at both Denbigh and Cass Lake,
Minnesota, it is clear that northern populations are not adapted. The search
probably should not extend north of 55° to 56°N, the latitudes of collections
1853 and 1862.

It is likely that the search area should be limited to the south as well, but data
are not available in this respect. Climatic data from Europe and performance in
tests elsewhere suggest that the sampling be concentrated in the Polish
populations, with limited sampling in contiguous Sudeten, Czechoslovakian and
Romanian populations.

The testing program could include greenhouse screening, where new sources
are grown in containers under limited soil moisture and other environmental
stresses. Those seedlings which satisfactorily withstand the extreme conditions
likely to be encountered in the field can be vegetatively propagated and field tested
on a variety of sites.

One additional source of material would be well-established Norway spruces
growing near North Dakota homesteads. Greenhouse trials of open-of control-
pollinated progency from such trees might yield seedlings for further vegetative
propagation and testing.
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VEGETATION AND SOILS OF A GALLERY FOREST
BORDERING HOMME RESERVOIR, NORTH DAKOTA

Keith T. Killingbeck and Richard H. Bares
Department of Biology
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Grand Forks, North Dakota 58202

ABSTRACT

Plant community structure and distribution were studied in relation to edaphic and topographic
factors in a gallery forest surrounding Homme Reservoir located in northeastern North Dakota. Five
forest community types found along the reservoir shores were green ash (Fraxinus pennsylvanicq var
subintegerrima). aspen-elm (Populus tremuloides, Ulmus americana). boxelder-basswood (Aa,,'
negundo, Tilia americana), elm-boxelder and boxelder-birch (Betula papyrifera). Soil particle Size
and electrical conductivity, slope angle and slope aspect were found to be associated with wmmunit'v
distribution. Soils in the A horizon were clay loams and sandy clay loams with pH ranging from 69.
7.4 and electrical conductivity from 75 - 310 umhos/cm. Tree stratum density ranged from 1089
trees/ha in the green ash community to 125 trees/ha in the boxelder-basswood community and had
a direct relationship with soil electrical conductivity. Of all trees tallied. 93.4% were smaller than 3¢
cm DBH. Twice as many stems of young green ash (2-6 cm DBH) were found than of any other tree

species. It appears that green ash will dominate this gallery forest in the future with American elm
and boxelder being stable associates.

INTRODUCTION

Forests and woodlands occupy only a small portion of North Dakota’s lan-
dscape yet are an important renewable resource which must be maintained. These
communities, located predominantly along perennial and ephemeral water-
courses, decrease the loss of topsoil from wind and water erosion, maintain
nutrient influxes, provide diverse wildlife habitat and moderate temperatures. Of
all natural forest types found in the state, the ash-elm gallery forest is the most im-
portant with respect to total acreage and volume of wood (Warner and Chase
1956).

Only in recent years have studies been initiated to gather information on ash-
elm gallery forest structure and function. Research concerning forest vegetation
along the Sheyenne River (Nelson 1964), the Red River (Wanek 1967) and the
Forest River (Wikum and Wali 1974; Killingbeck 1976) has added to our
knowledge and should enable more efficient management of these forests.

The present study was conducted along the margin of Homme Reservoir in
northeastern North Dakota during the summer of 1974 to 1) describe the struc-
ture and distribution of the gallery forest communities, 2) quantify and relate
selected edaphic and topographic parameters to community distribution, and 3) to
obtain information for prediction of future trends in canopy composition of the
forest.

METHODS AND MATERIALS

Community structure was quantified in three forest strata. Tree stratum data
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gere collected by the point-quarter method (Cottam et. al. 1953; Phillips 1959).
sprub stratum (plants between 1 and 3 m) information was obtained from 2x2 m
quadrats placed at each of 34 randomized sampling points located along 11 tran-
sect lines. From the data collected, Importance Values (relative density + relative
dominance * relative frequency) were computed for all tree and shrub species.

The herb stratum (plants less than 1 m) coverage was documented using a .5 x
'5 m quadrat at each point. A single estimate of coverage was made for the entire
species complement. Plant identification and taxonomic nomenclature were based
on Stevens (1963).

Soil samples from the A horizon were taken along each transect. Samples were
air dried and the 2-mm fraction was taken for analysis. Soil particle size was deter-
mined by the hydrometer method (Bouyoucos 1951) and soils were assigned to
texture classes. A Radiometer Model 51 pH Meter and a Radiometer Model
CDB2e Conductivity Meter were used to measure pH and electrical conductivity
on a 1:2.5 soil: water suspension (Jackson 1958). Slope gradients were measured
at each sampling point with an Abney Level.

DESCRIPTION OF AREA

Homme Reservoir is located in Section 19, T. 157 N., R 55 W. of Walsh
County, North Dakota on the South Branch of the Park River, 6.4 km west of the
town of Park River (Fig. 1). The area is on the eastern margin of the Williston
Basin which extends into portions of South Dakota, Montana, Manitoba and
Saskatchewan (Carlson 1966). The present topography and the layer of glacial
drift covering the area are a result of glacial action during the Late Wisconsin time
of the Pleistocene Epoch (Bluemle 1973).

The Park River itself is a tributary of the Red River of the North. The drainage
basin of the South Branch of the Park River varies in elevation from 244 to 458 m
above sea level and comprises an area of over 76,900 ha (Farmer, et al. 1974).
The reservoir maintains an elevation of 329 m above sea level at maximum pool
elevation and has a surface area of 76.4 ha (U.S. Corps of Engineers 1952). A
maximum of 6.6 km of shoreline surrounds the reservoir and over 80% of this is
occupied by gallery forest.

The soils surrounding the reservoir are predominantly Buse-Barnes loams
which developed from glacial till, and Fairdale and LaPrairie soils which formed
from alluvial deposits (U.S.D.A. 1972). Both soil types are Mollisoils (U.S.D.A.
1975). The climate is continental with a mean annual precipitation of 43.9 cm, a
mean annual temperature of 4.0°C, and a growing season of 122 days (U.S. Dept.
Commerce 1965).

RESULTS

A major portion of the vegetation bordering the Park River prior to 1948,
when construction of the Homme Dam and Reservoir began (U.S. Corps
Engineers 1955), was gallery forest. Gallery forests are those which are found
along streams and rivers in regions where low precipitation and/or high
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T
evaporation would otherwise prevent successful tree growth. From analysg of
1937 air photos provided by the Production Marketing Association, U.SD 4
the area which is now the reservoir floor appears to have been occupied by galler;.
forest, pastureland and agricultural land. Although no quantitative data are
available on pre-dam vegetation, boxelder, bur oak, green ash, Americap ¢
chokecherry, wild plum, paper birch, hazel, ironwood and basswood were the
most abundant woody species (U.S. Corps Engineers 1952).

In the present study, five gallery forest community types were found along the
margin of the Homme Reservoir. A green ash community was located along the
north shore of the reservoir (Fig. 1) on alluvial deposits. The soils were all of the
Fairdale and LaPrairie types and were clay loams. The high clay content and fla
topography resulted in poor drainage which in part accounted for the relatively
high electrical conductivity (Table 2). Green ash dominated the tree stratum
(Table 1) having a density of 1,022 trees/ha which was the highest density recor-
ded for any tree species in the study. Total tree stratum density was 1089
trees/ha. Bur oak was the only other species in the tree stratum, but it was not
found in the shrub stratum. Juneberry and green ash dominated the shrub
stratum. The herb stratum coverage (61%) under the green ash canopy was the
highest recorded in the study.

Directly west of the green ash community was an aspen-elm community.
These two community types were the only ones to be found on the alluvial Fair-
dale and LaPrairie soils. A horizons were sandy clay loams with pH values slichtly

0.5 km

GREEN ASH
Ky asPeEN - ELM
[4] BOXELDER - BASSWOOD
E eLM - BOXELDER

[ BoXELDER - BIRCH

[c] NON - FOREST L

FIGURE 1. Gallery forest communities bordering the Homme Dam and Res-
ervoir.
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TABLE 1. Analysis of vegetation for the tree and shrub strata of five gallery
forest communities surrounding Homme Reservoir. (I = relative density; Il =
relative dominance; IIl = relative frequency; IV = Importance Value)

I 11 111 v

GREEN ASH COMMUNITY

Tree Stratum
Green ash (Fraxinus pennsylvanica var. subintegerrima) 93.8 559 80.0 229.7
Bur oak (Quercus macrocarpa) 6.2 44.1 20.0 70.3

Shrub Stratum

Juneberry (Amelanchier alnifolia) 56.4 34.7 28.8 919
Green ash (Fraxinus pennsylvania var. subintegerrima) 109 225 28.8 62.2
Beaked hazel (Corylus cornuta) 12.7 17.7 193 49.7
Downy arrowwood (Viburnum affine) 109 19.1 28.8 48.8
Chokecherry (Prunus virginiana) 7.3 5.3 19.3 329
Ironwood (Ostrya virginiana) 1.8 0.8 9.6 12.2

ASPEN - ELM COMMUNITY
Tree Stratum

Aspen (Populus tremuloides) 50.0 41.0 375 128.5
American elm (Ulmus americana) 313 46.6 25.0 102.9
Boxelder (Acer negundo) 125 89 25.0 46.4
Green ash (Fraxinus pennsylvanica var. subintegerrima) 6.3 3.4 12.5 22.2
Shrub Stratum
Boxelder (Acer negundo) 30.8 325 333 96.6
American elm (Ulmus americana) 15.4 41.5 16.7 73.6
Tall nettle (Urtica procera) 30.8 14.0 16.7 61.5
Juneberry (Amelanchier alnifolia) 15.4 9.2 16.7 41.3
Aspen (Populus tremuloides) 7.7 2.8 16.7 27.2

BOXELDER - BASSWOOD COMMUNITY
Tree Stratum

Boxelder (Acer negundo) 57.1 409 50.0 148.0
Basswood (Tilia americana) 28.6 39.6 25.0 93.2
Elm (Ulmus americana) 14.3 19.5 25.0 58.8

ELM - BOXELDER COMMUNITY

Tree Stratum

American elm (Ulmus americana) 34.1 47.0 38.2 119.3
Boxelder (Acer negundo) 31.8 18.1 28.8 78.7
Bur oak (Quercus macrocarpa) 20.5 26.5 189 659
Green ash (Fraxinus pennsylvanica var. subintegerrima) 13.6 8.4 14.1 36.1
Shrub Stratum
Chokecherry (Prunus virginiana) 82.7 75.2 36.4 194.3
Green ash (Fraxinus pennsylvanica var. subintegerrima) 6.7 8.6 18.2 33.6
American elm (Ulmus americana) 1.3 109 9.1 21.3
Boxelder (Acer negundo) 4.0 4.0 9.1 17.1
Buckbrush (Symphoricarpos occidentalis) 2.7 0.8 9.1 12.7
Hawthorne (Crataegus rotundifolia) 1.3 1.5 9.1 11.9
Bur oak (Quercus macrocarpa) 13 0.9 9.1 113
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—
BOXELDER - BIRCH COMMUNITY

Tree Stratum
Boxelder (Acer negundo) 26.9 19.7 20.1 66.7
Green ash (Fraxinus pennsylvanica var. subintegerrima) 21.2 15.2 20.1 56.5
American elm (Ulmus americana) 15.4 194 16.6 514
Bur oak (Quercus macrocarpa) 9.6 299 10.0 495
Ironwood (Ostrya virginiana) 135 4.7 16.6 348
Basswood (Tilia americana) 9.6 10.6 10.0 30,2
Paper birch (Betula papyrifera) 38 0.6 6.5 109

Shrub Stratum
Juneberry (Amelanchier alnifolia) 38 31.2 20.1 70,0
Green ash (Fraxinus pennsylvanica var. subintegerrima) 11.4 28.7 15.0 55.1
Ironwood (Ostrya virginiana) 129 12.2 15.0 411
Boxelder (Acer negundo) 5.7 8.4 5.0 19.1
Buckbrush (Symphoricarpos occidentalis) 7.1 5.0 5.0 17.1
Blackhaw (Viburum lentago) 8.6 3.4 5.0 17.0
Chokecherry (Prunus virginiana) 43 2.8 9.8 16.9
Paper birch (Betula papyrifera) 43 25 5.0 11.8
American elm (Ulmus americana) 1.4 2.8 5.0 9.2
Beaked hazel (Corylus cornuta) 29 1.2 5.0 9.1
Smooth wild rose (Rosa blanda) 1.4 1.2 5.0 76
Downy arrowwood (Viburnum affine) 1.4 0.5 5.0 6.9

TABLE 2. Selected soil characteristics for each community type. (SCL, sandy
clay loam; CL, clay loam)

Electrical

Conductivity Sand Silt Clay Texture
Community pH  (umhos/cm) % Class
Green ash 7.3 310 460 250 29.0 CL
Aspen-Flm 6.9 140 60.5 11.8 277 SCL
Boxelder-Basswood 7.4 75 51.5 185 300 SCL
Elm-Boxelder 7.1 88 67.7 8.0 243 SCL
Boxelder-Birch 7.3 184 569 18.6 245 SCL

lower than those of A horizons in other community types. Aspen, the dominant
in the community, had a density of 407 trees/ha. Boxelder, though less im-
portant than aspen and American elm in the tree stratum, was the most im-
portant shrub stratum species. This was the only community in which aspen ap-
peared in the shrub stratum. Herb stratum coverage was 40%.

A small area below the dam along the Park River was occupied by a boxelder-
basswood community. The Buse-Barnes soils were sandy clay loams with the
lowest electrical conductivity found in the study (Table 2). Boxelder dominated
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the tree stratum but had a density of only 71 trees/ha. The total tree stratum den-
sty (125 trees/ha) was the lowest of all community types. Basswood and
American elm made up the rest of the tree stratum. This area appears to have
peen grazed in the recent past which may account for the virtually nonexistent
shrub stratum and sparse herb stratum coverage (25%).

Much of the north shore of the reservoir and an area north of the Park River
pelow the dam was covered by an elm-boxelder community. The terrain angled up
and away from the shoreline with slope gradients reaching a maximum of 28
degrees (mean slope 14 degrees). The sandy clay loam texture of the Buse-Barnes
loams and the sloping relief resulted in well drained soils. The tree canopy was
dominated by American elm followed by boxelder and bur oak. The density of this
relatively open canopy was 473 trees/ha. The small green ash component of the
tree stratum was composed predominantly of young trees. The shrub stratum was
dominated by chokecherry and contained hawthorns, which were not found in
any other community type. The low coverage in the herb stratum (30%) was, in
part, a result of dense shrub cover.

A boxelder-birch community, the most extensive around the reservoir, oc-
cupied the whole south shoreline. The terrain was varied but steep slopes of up to
43 degrees were common. All soils were well drained Buse-Barnes loams. Seven
species were found in the tree stratum and 12 in the shrub stratum. Boxelder,
green ash, American elm and bur oak dominated the forest canopy which had an
overall density of 1085 trees/ha. The steep, north-facing slopes of this com-
munity were the only areas where paper birch occurred. The most important
shrub stratum members were Juneberry, green ash and ironwood. Of the *‘tree’’
species which were observed in the shrub stratum, green ash was by far the most
dominant. Herb stratum coverage (37%) was relatively low.

DISCUSSION

The five gallery forest communities surrounding the Homme Reservoir ap-
peared to be variants of the ash-elm forest type described by Warner and Chase
(1956). This major forest type makes up over one-third of North Dakota’s
forested area. All forest elements in the present study were deciduous with most
being representatives of the eastern deciduous forest. However, several plant
species, such as Juneberry and paper birch, were of boreal origin (Rudd 1951).

Both topographic and edaphic factors affected the distribution of the five com-
munity types in this study. The green ash community was restricted to soils with
the highest levels of dissolved salts and the highest silt + clay fraction (Table 2).
These values indicate potentially high levels of nutrient reserves in the soil since
the large clay fraction provides great numbers of exchange sites for ion adsorption.
This community had a higher tree density (1089 trees/ha) than any other. The
nutrient status of the soils may, in part, explain this high density.

In contrast to the green ash community, the higher content of sand in the soils
under the adjacent aspen-elm community provided better drainage with less ac-
cumulation of salts. Since shade intolerant aspen was the dominant species in the
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tree stratum, it is possible that a previous disturbance in this lom
eliminated most of the original trees, enabling aspen to invade the area. Althouge:,
some aspen regeneration was occurring, the soils were probably too sandy for o,
timum aspen growth (Bares 1976; Stoeckeler 1948). P
The two communities covering the largest extent of reservoir marg;

boxelder-birch and elm-boxelder, occupied opposite sides of the reservoir. Thé
elm-boxelder community was found only on the south-facing shoreline o
moderate slopes. The boxelder-birch type was located exclusively on north-facjp

slopes which were generally steeper than those on the opposite shore. Of the mog
the boxelder-birch community had soils with higher silt + clay content and elec.
trical conductivity (Table 2). These differences along with the moderating effect
on temperature and evaporation by the north-facing aspect may account for dj.
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FIGURE 2. Relationship between total tree density and A horizon soil electrical
conductivity for the five community types studied.

ferences in species diversity (Table 1) and total tree density, between the boxelder-
birch (1085 trees/ha) and elm-boxelder (473 trees/ha) communities.

A direct relationship existed between soil electrical conductivity and tree
stratum density for all communities (Fig. 2) indicating the influence of this
edaphic factor on community structure as well as community distribution. Since
soil conductivity is a measure of total dissolved salts, high tree density may be, in
part, a result of relatively high levels of nutrients. A similar relationship was
found between tree density and A horizon soil conductivity on two opposing
slopes in another North Dakota gallery forest along the Forest River (Killingbeck
1976).

Much of the vegetation surrounding the Homme Reservoir can be categorized
as young gallery forest in a state of transition. Over 93% of all trees tallied were
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FIGURE 3. DBH class distribution given for the four rr}ajor tree species as a
percentage of the total tree stems of the four major tree species.

smaller than 36 cm DBH. In all but the boxelder-birch community, green ash
comprised much of the young growth. Almost 20% of all tree stems were green
ash. Of the four major tree species stems, 24.5% were green ash (Fig. 3). Of all
ash stems, 79.4% were in the 2-6 cm DBH class indicating the predominance of
young green ash growth. Of the four communities having a shrub stratum, three
of these had green ash as the most dominant *‘tree’’ species.

Regeneration of American elm and boxelder appears to be sufficient to assure
their future presence in the forest communities. Bur oak, however, was found
only in the shrub stratum of one community and had few young stems in the tree
stratum (Fig. 3). It seems very probable, therefore, that green ash will dominate
the forest canopy in the future with American elm and boxelder being stable
associates.
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ABSTRACT

In view of the importance of revegetating the surface mined areas in the Northern Great Plaing
Coal Province, nutritional studies on the prairie plants have become essential. This study pertains to
a hydroponic experiment on slender wheatgrass (Agropyron trachycaulum (Link) Malte). Plan,
were raised for 27 and 54 days in continuously aerated Hoagland’s nutrient solution, using 1.5 [jte
plastic pots. Deficiency of N, P, K, Fe, Mn, Zn, Cu, B and Mo was induced by omitting each
nutrient singly from the solution. Control plants received all the nutrients and those for toxicity
study received Zn, Cu, B or Mo at rates 4 times higher than that in the control treatment. The stugy
was conducted in a growth-chamber maintained at 25°C (day)/15°C (night) temp., 12 hr. photo.
period and 50% rel. humidity. Growth of A. trachycaulum was severely affected by -N. -P and .k
treatments. However, the plants appeared to be most sensitive to K deficiency which caused ex-
tremely reduced shoot and root growth with progressive loss of dry matter. Except for typical
chlorosis in Fe deficient plants, and tip burning in case of B excess, deficiency or toxicity symptoms
of other micronutrients failed to appear. In the -N and -P nutrient media the shoot/root ratio was
substantially reduced. A comparison of plant growth accomplished in control, Zn deficient, and Zp
excess treatments revealed that this species has perhaps very low requirement for Zn. A mutual an-
tagonistic relationship between K and Fe was observed.

INTRODUCTION

Among the diagnostic criteria used for assessing the nature and magnitude of
nutrient disorders in plants, specific visual symptoms, and plant analysis
techniques have been used with great success (Wallace, 1961 ; Chapman, 1965).
However, the earlier notions which frequently implied a quantitative and even
qualitative uniformity in the mineral requirements of plants are undergoing a
radical change (Gerloff, 1963). It is being increasingly realized that different
species and even varieties and ecotypes differ greatly in their mineral requirements
(Bradshaw and Snaydon, 1959; Millikan, 1961; Vose, 1963; Brown et al.,
1972). The variability in plants to absorb certain nutrients at different rates from
solutions of similar concentration, has been considered important in relation to
their ecological distribution (Bollard and Butler, 1966; Loneragan, 1968). It is
also known that the specific symptoms of deficiency or excess of an element
exhibited by a certain species may greatly differ from those exhibited by another
species. Thus, in order to be able to make use of foliar -diagnostic techniques in
assessing the nutritional status of any plant, a prior knowledge of its specific
responses to the deficiency and excess of nutrient elements is essential. Exhaustive
information on such aspects is available for a large number of cultivated species.
But, as stated by Billings (1957), *‘there are all too few mineral nutrition studies
on wild plants of any kind.”’ Even twenty years after this statement, enthusiasm
for undertaking such studies on uncultivated species has been generally lacking.
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Nutritional studies on uncultivated species are essential with respect to the
revegetation of disturbed lands resulting from surface mining operations. In the
Northern Great Plains surface mining for coal has lain bare large acreages of land,
and to reclaim these areas emphasis is being given to the reintroduction of
desirable native species. Slender wheatgrass (Agropyron trachycaulum (Link)
Malte) is a native species of the Midwest prairie. It forms a significant component
of the prairie vegetation. Obviously, before its reintroduction in the surface mined
areas, which generally exhibit fertility problems of various kinds, an un-
derstanding of its responses to various nutrient stresses would be greatly useful.
With this purpose in mind, a preliminary hydroponic experiment designed to

roduce symptoms of different nutrient deficiencies and toxicities was conducted
using slender wheatgrass as the test plant.

MATERIAL AND METHODS

Seeds of slender wheatgrass were germinated and the resulting seedlings of
uniform size allowed to grow for periods of 27 and 54 days in 1.5 liter of modified
Hoagland’s nutrient solution placed in plastic pots. Four polyethylene tubes (4 cm
long and 1 cm in diameter) were passed through holes in the lid of each culture
vessel. The ends of the tubes were closed with nylon mesh to facilitate the direct
placement of seeds on the surface of nutrient solution. Eight plants were grown in
each culture vessel. Different deficiency treatments were created by following
Dutt and Bergman’s (1966) scheme of omitting singly, N, P, K, Fe, Mn, Zn,
Cu, B and Mo from the otherwise complete nutrient solution which served as the
control. In other treatments, Zn, Cu, B or Mo were supplied to plants at rates
four times higher than in the control. All the treatments were replicated twice.
The composition of stock solutions and amount of each taken to make the dilute
nutrient solution of each treatment are summarized in Tables 1 and 2. The final
concentrations of different salts in the complete nutrient medium were:

1.00 mM NH4H2P04 5.75 mM Ca (N03)2
1.45 mM CaCl, 2.00 mM MgSO,

6.00 mM KNO; 6.00 uM H;BO;

1.23 uM MnCl,.4H,0 0.20 uM ZnCl,

0.06 uM CuCl,.2H,0 0.03 uM H,Mo00..H,0

Iron at the rate of 795 ug/1 was provided as Fe-EDTA (iron complex of disodium
ethylenediaminetetraacetic acid). All solutions were prepared with distilled-
deionized water. The cultures were continuously aerated and occasional additions
of distilled-deionized water were made to each culture vessel to maintain the
initial volume. Solutions were completely renewed at biweekly intervals. The en-
tire study was conducted in an environment controlled growth chamber main-
tained at 25° C day and 15° C night temperature, 12 hour photoperiod and 50%
relative humidity.

The plants growing under different nutrient treatments were examined for the
appearance of nutrient deficiency and toxicity symptoms regularly. At the end of
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27 and 54 days plants were photographed, removed from theim
solutions, washed with distilled-deionized water and separated into root and shoot
fractions. The plant samples were dried for 36 hours at 70°C in a force-draft oyey,
and their dry weights were taken. Shoot material from each treatment was groyng
in a stainless steel mill and after drying it again wet ashed using 1 ml concentrateq
H,SO, and 0.25 ml of 30% H,O, per 50 mg sample. Total P was determined p,
chlorostannous molybdophosphoric blue method as described by Johnson ang
Ulrich (1959) using a Bausch and Lomb spectronic 21. Analysis for K, Ca, Mg
Fe and Zn was carried out on a Perkin Elmer Model 403 atomic absorption Sp8ci
trophotometer.

RESULTS AND DISCUSSION

i. Visual Symptoms: Slender wheatgrass plants growing in solutions from
which N, P, K or Fe respectively were omitted exhibited characteristic symp-
toms of each deficiency (Fig. 1). However, except for a general decrease in
growth, specific symptoms of the deficiencies of other elements failed to ap-
pear. In treatments with elevated (x4) Zn, Cu, B or Mo concentrations in the
culture solutions, the Zn-treated plants alone were reduced in size and those
receiving high B exhibited discrete tip burning on all the leaves. The charac-
teristic deficiency symptoms for N, P, K and Fe as recorded for this species
are summarized below.

TABLE 1. Stock Solutions

Chemical Amount Molarity (M)
(8/1)

A. NH.H,PO, 46 0.40

B. NH.NO; 80 1.00

D. CaCl, 58 0.58

E. MgSO,.7H,0 198 0.80

F. KH,PO. 54 0.40

G. KNO; 242 2.40

H. K,SO. 174 1.00

I. HJBOJ 144 240 X ].0-2
J. CuCl,.2H,0O 0.04 0.024x 10
K. MnCl,.4H,0 0.90 0.460 x 102
L. ZnCl, 0.12 0.088 x 1072
M. HzMOO4.HzO 0.02 0.012x107?

N. Fe EDTA (2.68 gm of disodium ethylenediaminetetraacetate were dissolved
in 500 ml of distilled water and heated and while still hot 1.98 gm of
FeSO,.7H,O were added to this and stirred vigorously).
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TABLE 3. Dry matter yield of 27 and 54 day old slender wheat grass plants as
Jffected by different nutrient deficiencies and excesses.

Treatments 27 days 54 days
Whole Whole

Shoot Root Plant Shoot Root Plant
.......... mg/10 plants
Control 90 18 108 645 106 751
N 48 37 85 34 89 123
P 57 30 87 57 70 127
K 37 3 40 10 2 12
Fe 90 48 138 283 165 448
-Mn 50 5 55 496 84 570
7n 114 31 145 902 137 1039
Cu 100 24 124 216 37 253
B 113 22 135 350 64 414
-Mo 92 13 105 444 69 513
+Zn (x4) 68 9 77 205 36 241
+Cu (x4) 90 12 102 488 84 572
+B (x4) 90 15 105 484 71 555
+Mo (x4) 62 9 71 448 70 518

TABLE 4. Chemical composition of 27 day old slender wheat grass shoots as
affected by different nutrient deficiencies and excesses.

Treatment P K Ca Mg Fe 7n
% dry wt. ppm dry wt. ——

Control 1.14 3.41 0.40 0.16 153 91
N 0.79 197 0.20 0.05 184 184
P 0.19 200 031 0.17 63 75
K 2.05 0.45 0.39 0.36 773 68
-Fe 1.53 5.00 0.33 0.17 60 213
-Mn 1.44 3.63  0.56 0.23 513 75
-Zn 1.18 4.12 039 0.17 127 37
-Cu 1.30 395 037 0.21 120 55
B 0.96 3.01 0.38 0.15 110 51
-‘Mo 1.14 3.75 0.35 0.14 109 60
+Zn (X4) 1.23 412 039 0.25 79 134
+Cu (X4) 1.22 4.10 048 0.16 111 69
1B (X4) 1.09 3.75 0.50 0.24 102 88

+Mo (X4) 110 340 038 0.3 80 70
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iii.

treatments were higher than in the control plants. Both at 27 and 54 g,
stage -N and -P plants had very low shoot/root ratio as compared to contro|
or other treatments. Initially plant growth did not seem to be adversely of.
fected in cultures from which Fe, Mn, Zn, Cu, B or Mo were omitted. In
fact the growth of plants in some of these treatments appeared to be berte,
than in the complete nutrient medium. However at the 54 day stage, the
growth of plants under all these treatments (except that in -Zn) was lowe,
than the control. In this group of treatments Cu deficiency seemed to haye
the greatest effect in decreasing dry matter yield. However, paradoxically, the
dry matter yield of plants grown in -Zn cultures was highest at both the
stages of growth. From this it was obvious that cultures which did not recejye
Zn salt contained some traces of Zn as contamination. Since the contrg
plants gave lower dry matter yield than those growing in the Zn-deficient
cultures, it is implied further that perhaps the actual requirement of slender
wheatgrass for Zn is very low and that the relatively higher amounts of Zp
provided by the complete nutrient medium may be detrimental. This in-
ference was further supported when plants supplied with 4 times higher Zn
rate were found to have very low dry matter yield. High levels of Cu, B or Mo
in the nutrient medium also decreased dry weight of plants, but the decrease
was not of the same magnitude as observed in case of Zn excess.

Chemical Composition. The changes resulting in the P, K, Ca, Mg, Fe and
Zn content of shoots of slender wheatgrass, under different nutrient deficien-
cies and excesses are presented in Table 4. Nitrogen deficient plants revealed
lower concentration of P, K, Ca and Mg, but higher concentration of Fe and
Zn. Omission of P from nutrient medium resulted in extremely low P status
of plants and also decreased their Fe content. Potassium deficient plants
revealed higher concentration of P but their Fe concentration was extremely
high. On the contrary plants grown in -Fe medium exhibited highest K and
Zn concentrations while their Fe content was only about two and a half times
lower than the control plants. Manganese deficient plants accumulated large
amounts of Fe and Ca in their shoots. Plants grown in -Zn cultures revealed
fairly adequate Zn status, which is further proof that these cultures were con-
taminated. Other treatments did not seem to have any appreciable effect on
the composition of plant tops which could be considered significantly different
from what was found for control plants.

The high concentration of Zn in N deficient plants is perhaps due to a
lack of adequate amount of proteins in the root tissues which otherwise bind
Zn in the form of certain complexes, thereby reducing its translocation to the
shoot (Ozanne, 1955). Likewise high level of Fe in the shoots of Mn deficient
plants can be explained on the basis of Epstein and Stout’s (1951) observation
that Mn application reduces the absorption and translocation of Fe. The
unusually high concentration of Fe in -K plants and that of K in -Fe plants
reflects an antagonistic relation between these two nutrients. Although high
accumulation of Fe in the nodes of corn plants as one of the first indications of
K deficiency had been observed earlier (Hoffer. 1930), a mutually an-
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ragonistic relationship between Fe and K has received little mention in the
literature.
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ABSTRACT

Volcanic ash from Linton. North Dakota was investigated for its effectiveness as adsorbent for
the removal of phosphorus (P) from wastewaters. For an influent P concentration of 10 mg/|, p
removal efficiency varied from 0 to 82% in the shaking type batch tests. Contact time longer than
half an hour did not improve P removal efficiency. Increasing volcanic ash particle size resulted in
decreasing efficiency of P removal. Continuous flow type tests indicated P removal efficiency ranged
from 0 to 13.2%, and 0 to 43.2% for the filtration column for - No. 8 to + No. 16 material. and
No. 30 to + No. 50 material, respectively.

INTRODUCTION

Excessive eutrophication in lakes and streams in the country has pointed to
the need for controlling plant nutrients in the wastewaters. Of the major nutrients
other than carbon, removal of phosphorus (P) from wastewater treatment plan ef-
fluents has been suggested as a means of effective control by several investigators
(Eberhardt, Nesbitt 1968; Sawyer 1962; Sawyer 1952). In the last 20 years
phosphorus quantity in sewage has increased almost four times due to the ex-
tensive use of synthetic detergents. The removal of P from wastewater effluents
has been a major area of research in the field of water pollution control. Processes
applicable for P removal include ion exchange, electrochemical treatment, elec-
trodialysis, reverse osmosis, biological treatment, chemical treatment and sorp-
tion (Elliassen, Tchobanoglous 1968). The most promising and most studied
methods appear to be chemical treatment, biological treatment or the com-
bination of the two. Sorption for P removal has been the least investigated method.
Culp and Ames (1970) reported that 98% P removal by activated alumina
column from secondary treated effluent was obtained in a pilot plant experiment.
Selective removal of mixed phosphate from water streams by activated alumina
also was studied by Yee (1965). Removal efficiencies up to 90% were ac-
complished without adding any salts to the water for pH adjustment.

A volcanic ash deposit in south-central North Dakota was reported by Stanton
(1917). Manz (1962) reported that this deposit lies in the Fox Hills Sandstone
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sbout 35 feet (10.67 m) above the top of the Pierre Shale. He suggested that the
material was carried a long distance in the air and deposited in the area. The
pearest probably source, according to the present knowledge of cretaceous
volcanism in the Rocky Mountains, is the Livingston region in Montana, about
500 (804 km) miles to the West of Linton, North Dakota. It was estimated that
there are over 500 million tons (453 million metric tons) of volcanic ash in this
sit. Volcanic ash is primarily mined for use as an abrasive in cleaning com-
unds, a pozzolanic admixture in concrete, component of concrete aggregate
and acoustic plaster, railroad ballast and a soil stabilizing agent in road con-
struction. According to the U.S. Bureau of Mines Minerals Yearbook (1973),
3,77 million tons (3.42 million metric tons) of pumic, pumicite, and volcanic cin-
der were sold or used by producers. Little information is-available on the
utilization of volcanic ash in the field of waste treatment. The purpose of this
study was to evaluate the effectiveness of volcanic ash from Linton, North Dakota
for use as adsorbent for P removal from domestic wastewater.

MATERIALS AND METHODS

Volcanic Ash — The sample of volcanic ash from Linton, North Dakota, was
a very fine grained, angular shaped rock of 3 to 6 inch (7.62 to 15.24 cm) least
dimension. It had a very low resistance to abrasion and was easily crushed to
smaller particle sizes. A physical analysis is presented in Table 1.

The high ratio of surface area to volume, 10,000 cm?/cm?® renders the ash an
excellent adsorbing media. Table 2 shows chemical analysis of a typical Linton
area volcanic ash. The main constituents are silicon dioxide SiO., aluminum
oxide Al,Os, iron oxide Fe,Q;, calcium oxide CaO, and magnesium oxide MgO.

PROCEDURE

The phosphate adsorption capacity of volcanic ash was evaluated by two types
of tests: (1) shaking type batch tests, and (2) continuous flow type column tests.
Synthetic wastewater containing monobasic potassium phosphate KH,PO, was
used for the study.

TABLE 1. Some Physical Characteristics of Volcanic Ash from Linton, North
Dakota.

Parameter Value
Specific gravity 2.25-250
%retained on U.S. Sieve No. 325 3-10%
Blaine fineness 10,000 cm?/cm?

Mean particle diameter 2.7 microns




60

NORTH DAKOTA ACADEMY OF SCIENCE

TABLE 2. Chemical Analysis of Linton Area Volcanic Ash

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF MINES
X-XAY FOURESCENCE ANALYSIS
Sample No.: GF 71-218 XB-22 Date: 3/19/7;
Sample Description: 70-40 Volcanic Ash - Linton
Parameter Percent
Iron oxide, Fe,O; 34
Titanium dioxide, TiO, 4
Calcium oxide, CaO 2.2
Potassium oxide, K,O 30
Sulfur trioxide, SO; 1
Phosphorus pentoxide, P,Os 1
Silicon dioxide, SiO, 66.7
Aluminum oxide, Al,O; 125
Magnesium oxide, MgO 1.1
Sodium oxide, Na,O 2.7
Ignition loss at 800° C 6.8
Total 99.0

Shaking Type Batch Tests—The volcanic ash sample was crushed to meet the
following gradations:

U.S. Sieve No. Volcanic Ash Sizes (mm)
(a) -No. 8to+No. 16 1.190 to 4.760
(b) No. 16to+No. 30 0.590 to 1.190
(c) -No. 30to+No. 50 0.297 t0 0.590
(d) -No. 50 to +No. 100 0.149 t0 0.297
(e) -No. 100 0.149

Stock solutions of KH,PO, were prepared to generate synthetic wastewater con-
taining 10 mg/1 phosphorus. Synthetic wastewater of 100 ml volume was added
to varying amounts of volcanic ash of the specified gradations in 250 ml Erlen-
meyer flasks fitted with rubber stoppers. The flasks and contents were then
agitated with a Burrell Model 75 wrist action shaker for varying lengths of time.
The agitated solutions were filtered through a No. 5 Whatman filter paper to
remove any volcanic ash from the synthetic wastewater and the filtrates analyzed
for P concentration in accordance with Standard Methods (APHA 1971), Section
223D.
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Continuous Flow Type Column Test—The volcanic ash sample was crushed
o meet gradations of -No. 8 to +No. 16 (1.19 to 4.76 mm) and -No. 30 to +No.
50 (0.297 to 0.590 mm) sieves. Stock solutions of KH,PO, were prepared to

erate synthetic wastewater containing 10.6 mg/1 and 7.4 mg/1 phosphorus for
evaluation of -No. 8 to +No. 16 and -No. 30 to +No. 50, respectively. Filtration
columns 18 inches in length were prepared by adding the desired gradation of
volcanic ash to a 100 ml buret in known quantities. Synthetic wastewater was
allowed to filter through the buret columns under gravity flow. The effluents were
collected at various intervals to determine filtration rates. Effluents were filtered
through a No. 5 Whatman filter paper and analyzed for P concentration by
procedures indicated above.

RESULTS AND DISCUSSION

Tables 3 through 4 summarize the results of the shaking type batch tests and
continuous flow column test, respectively. A complete set of laboratory data is
contained in the Independent Study report for the M.S. degree in Civil
Engineering by Gullicks (1977).

Shaking Type Batch Tests—The maximum P adsorption capacity of volcanic
ash varied from 0.0056 mg P/g volcanic ash for -No. 8 to +No. 16 sized material
to 0.0176 mg P/g volcanic ash for -No. 100 sized material. The maximum value
of 0.0176 mg P/g was achieved using a volcanic ash concentration of 125,000
mg/1 with contact time of one hour. Effect of mixing time on P removal is shown
in Figures 1 and 2 for volcanic ash size of -No. 100 (smaller than 0.149mm) and
ash concentration of 500 g/1. These indicate that P removal was virtually com-
pleted at half an hour mixing period. Further contact period did not improve P
removal. Figure 2 indicates that the weight of P removed per unit weight of ad-
sorbent (mg P/g volcanic ash) was relatively constant and was independent of
mixing period. Since extended contact time could cause a physical breakdown of
volcanic ash particles from the agitating action of the shaker, one hour of contact
time was employed for all shaking tests.

Figure 3 presents percent P removal for different volcanic ash concentrations
and sizes. The P removal efficiencies increased with increasing volcanic ash con-
centration. No more than 20% of P was removed when volcanic ash con-
centration was less than 300 g/1. The capacity of volcanic ash for P adsorption
decreased with increasing particle sizes. For volcanic ash passing through sieve
No. 100, the maximum P removal efficiency of 80% was obtained at a volcanic
ash concentration of 500 g/1. For volcanic ash with sizes larger than sieve No.
100 opening, the maximum P removal was about 60% at volcanic ash con-
centration of 1000 g/1. The volcanic ash with largest particle size, -No. 8 to +No.
16 exhibited the lowest P removal efficiency.

Figure 4 presents data of weight of P removed per unit weight of volcanic ash
versus P remaining in the wastewater. No definite trend was observed, which im-
plics that P adsorption by volcanic ash may not follow the Freundlich adsorption
isotherm. When weight of P removed per unit weight of volcanic ash was plotted
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TABLE 4. Contnuous Flow Column Test
Minus No. 8 to Plus No. 16

Volcanic Ash
Cumulative Ratio
Total Volume P Conc. Wt. Effluent
Effluent A Time Effluent %P Wt. Filter mg P
ml Min. mg/1 Removal Media Removed
0 0 — — — —
100 6 9.2 13.2 1.57 .140
200 7 10.0 5.7 3.15 .060
300 11 10.2 3.8 4.72 .040
400 12 10.2 3.8 6.30 .040
500 14 10.2 3.8 7.87 .040
600 15 10.6 0.0 9.45 .000
700 15 10.6 0.0 11.02 .000

1. Influent P concentration 10.6 mg/1
2. Weight filter media 63.5 g

against volcanic ash concentration in Figure 5, there was no linear correlation
between these two parameters.

Continuous Flow Type Column Tests—Continuous flow tests were first con-
ducted on -No. 8 to +No. 16 volcanic ash (1.19 to 4.76mm size) with an influent
P concentration of 10.6 mg/1 as listed in Table 4. The filtration run lasted 80
minutes with a computed filtration rate of 1 gpm/ft> (40.74 1/min/m?) at an
average contact time of 11.3 minutes.

Table 5 summarizes the results of continuous flow tests on -No. 30 to +No.
50 volcanic ash (0.297 to 0.590mm size) with an influent P concentration of 7.4
mg/1. This filtration run lasted 26 hours with a computed filtration rate of 0.14
gpm/ft* (5.70 1/min/m?) with an average contact time of 75 minutes. Both runs
were conducted using the same constant head feed solution tank. The filtration
rate for finer ashes (-No. 30 to +No. 50) was significantly less than that for coar-
ser ashes (-No. 8 to +No. 16). Phosphorus removal efficiency ranged from 0 to
13.2% and 0 to 43.2% for the continuous adsorption column for -No. 8 to +No.
16 material and -No. 30 to +No. 50 material, respectively. As shown in Figure 6,
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’ T
TABLE 5. Continuous Flow Column Test
Minus No. 30 to Plus No. 50
Volcanic Ash
Cumulative Ratio
Total Volume P Conc. We. Effluent.
Effluent A Time Effluent %P Wt. Filter mg P
ml Min. _mg/l Removal Media Removeq
0 0 — — — —
50 63 4.2 43.2 0.84 160
100 47 5.2 30.0 1.69 110
150 51 5.9 20.3 2.53 075
200 49 6.3 15.0 3.38 056
300 105 6.6 10.8 5.06 .040
450 165 64 13.5 7.59 150
550 115 64 13.5 9.28 .200
650 115 6.6 10.8 10.77 .080
1000 350 7.0 5.4 16.88 140
1500 500 7.4 0 25.29 .000

1. Influent P concentration 7.4 mg/1
2. Weight filter media 59.3 g

effluent P concentration increased rapidly during the first 200 ml volume of waste
treated and then gradually approached that of influent. Adsorbing media with
coarser ash particles (-No. 8 to +No. 16) showed a faster breakthrough than the
finer ash particles (-No. 30, +No. 50).

Figure 7 depicts weight of P adsorbed per unit weight of volcanic ash versus
filtration time for both continuous column runs. Finer volcanic ashes (-No. 30 to
+No. 50) had a higher P adsorption capacity per unit weight of volcanic ash than
coarser ashes (-No. 8 to +No. 16) and it took a much longer time, which was
about 18 hours, for finer ashes to exhaust its P adsorption capacity compared to
that for coarser ashes, which was about one hour. This could be artributed to the
larger surface area and slower filtration rate for the finer volcanic ashes.

Figure 8 depicts the relationship between weight of P adsorbed per unit weight
of volcanic ash and effluent P concentration. It is noted that finer ashes had a
much higher P adsorption capacity than the coarser ashes. For both finer and
coarser volcanic ashes (-No. 30 to +No. 50 and -No. 8 to +No. 16) a larger por-
tion of the adsorptive capacity was used up when effluent P concentration was ap-
proaching influent P concentration.
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FIGURE 3. Percent P Removal vs. Volcanic Ash Concentration - Batch Test
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SUMMARY

1. Using the batch adsorption test, P removal from synthetic wastewater by
volcanic ashes was virtually completed within half an hour of the mixing period.

2. In the batch adsorption test, high volcanic ash dosages were required to
achieve a significant P removal efficiency. For volcanic ash with particle sizes
smaller than 0.15 mm, dosage of 500 g/I was necessary to obtain 80% P reduc-
tion. For volcanic ashes with particle sizes larger than 0.14 mm, dosage of 1000
g/l was required to obtain 60% P reduction.

3. Based on the batch adsorption test conducted in this study, P adsorption by
volcanic ashes did not follow Freundlich adsorption isotherm.

4. Using continuous adsorption column tests, P removal efficiency varied
from 0.13.2% and O to 43.2% for the adsorption column of -No. 8 to +No. 16
material, and -No. 30 to +No. 50 material, respectively.

5. For continuous column study, adsorbing media of coarser ash particles (-
No. 8 to +No. 16) showed a faster breakthrough than the finer ash particles. Finer
volcanic ashes (-No. 30 to +No. 50) had a higher P adsorption capacity than the
coarser ashes.

6. The batch adsorption unit was capable of a much higher P removal than
the continuous adsorption column as defined by the limit of this study.

7. Based on this study the volcanic ash is recommended for use as adsorbent
for P removal from wastewaters. The ash should be ground to a size of less than
0.14 mm and a complete-mix system should be employed for effective P removal.
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DEVELOPMENT AND TESTING
OF AN ICE-MAKER EVAPORATOR
FOR A HEATING ONLY HEAT PUMP

James C. Wendschlag
and

Mason H. Somerville
The Engineering Experiment Station
University of North Dakota
Grand Forks, North Dakota 58202

ABSTRACT

The development of a heat pump evaporator for use in an annual cycle heating and air
¢ nditioning system is discussed. The evaporator was designed for operation in an ice making mode
tiroughout most of the heating season.

A commercially available flat plate ice maker was selected following tests of several con
tiourations. The selection was based primarily on its ice removal efficiency. The water pumping
wwstem necessary with this selection was designed to mimimize pumping cost and maintenance. The
automatic defrost system built into the heat pump required alteration to facilitate ice harvesting.

The apparatus and experimental procedure used for performance evaluation are given along with
test results. A complete performance analysis of the design selection is compared with that of the
conventional air evaporators indicating that an annual cycle system is presently feasible as an alter
native heating and air-conditioning system.

INTRODUCTION

New solar energy systems, along with conventional systems, are providing
several alternatives for heating and cooling residential and commercial buildings.
The conventional heating systems utilize combustion, electrical resistance
elements, or heat pumps ; while cooling requirements can be supplied by a central
air-conditioning system or a reversible heat pump. The basic requirements of a
solar heating system include a means of collecting solar energy, a means of storing
the collected energy, and a method of transferring stored energy to the con-
ditioned space.

A heat pump is a device that operates in a cycle, that requires work, and that
accomplishes the objective of transferring heat from a low temperature body
(energy storage) to a high temperature body (the conditioned space). A vapor
compression heat pump schematic is shown in Figure 1 below. The working fluid
is generally freon. Heat is transferred to the evaporator where the low pressure,
low temperature saturated liquid freon is evaporated. The gaseous freon is then
compressed. Heat is then removed in the condenser, condensing the high
pressure and temperature freon. The freon is then expanded in an isenthalpic
process (capillary tube) to a low temperature, low pressure saturated liquid com-
pleting the cycle.

The annual cycle energy system (ACES) (Fischer, 1976), a solar energy
system, is an alternative heating and air-conditioning system with significant
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potential for reducing energy consumption for space heating (Figure 2). Basically

an ACES system utilizes an ice-maker heat pump (Fischer, 1976) to remoye
energy from a water storage tank during the winter while heating the house. Thjg
is done while freezing the storage tank’s contents. The ice formed during the wig,.
ter is stored to provide the summer air-conditioning. Melting the ice during the
summer, with naturally occurring solar energy, returns the energy to the water
that was extracted the previous winter. The key to an ACES system is a suitable
evaporator system which expedites ice removal. Since ice has a low thermal cop.
ductivity, a thick layer on the evaporator severely decreases the performance of
the heat pump. The performance can be maintained by periodically removing the
ice from the evaporator surface.

The coefficient of performance (COP) of the heat pump may be expressed as:

COP = Heat Rejected to Dwelling
Electrical Input Heating + Electrical Input Defrosting

Minimizing the defrost energy maximizes the COP. This is best accomplished by
minimizing the time required to remove the ice. This paper discusses several
evaporator designs and schemes to remove (harvest) the ice.

. CONDENSER i

EXPANSION VALVE WORK

OR
%PILLARY T'JBE COMPRESSOR [ —o——

! EVAPORATOR d)

FIGURE 1. A simple heat pump cycle: (1) gaseous freon at low temperature
and low pressure, (2) gaseous freon at high temperature and high pressure. (3)
liquid freon at high temperature and high pressure, (4) liquid freon at low tem-
perature and low pressure.
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ICE Qoweui_—__’ | CE
WATER
-1 ~—+— WATER
QHEAT PUMP
(a) JANUARY (b) MAY
ICE 4__Qows+LLms
QexTeERNAL WATER
WATER |
QHEAT PUMP
(c) JuLY (d) OCTOBER

FIGURE 2. Principle of the ACES system: (A) heat pump supplies heat to
dwelling while forming ice, (B) heating season ending and air-conditioning
season beginning, (C) air-conditioning load used to melt the ice, storing summer
heat. Direct solar assist or outside air may be required to melt some of the ice,
(D) beginning of the heating season with all ice melted.

CONCEPT DEVELOPMENT

Several ice-maker evaporator designs were fabricated and tested in the
laboratory. Determination of the energy requirements for ice removal was the
primary objective of these tests. Additionally, heat pump performance was deter-
mined as a function of ice thickness during these tests.

Several designs were built and tested. All were successful in removing heat
from the storage water; however, ice harvesting was unsuccessful in all but one.
The designs unsuccessful in harvesting the ice are shown in Figure 3. The suc-
cessful design tested utilized commercially available flat plate evaporators suspen-
ded over the tank (Fischer, 1976). The experimental setup is shown in Figure 4.

The thermal conductivity of the type 304 stainless steel plates (k = 5.8
W/mK) is low enough to prevent ice formation outside of the evaporator tube
area. Manual operation of the heat pump reveals that the ratio of defrost time to
operation time for successful ice removal was approximately constant at 0.0167
for operating times between ten and ninety minutes. Since the heat pump runs at
constant power, ice harvesting requires approximately 1.7% of the energy
provided to the pumps. This has a minor impact on the overall COP. Fur-
thermore, virtually all of the energy expended during harvesting is added to the
storage water and is therefore recoverable.
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a)

——y) O

U

(2)

FIGURE 3. Preliminary evaporator designs: (1) coiled copper tube, a) plain
tube, b) finned tube, (2) copper tubing sealed between two copper plates.

DEVELOPMENT OF THE ICE MAKER EVAPORATOR

Two ice-maker evaporator plates connected in parallel proved to provide suf-
ficient area (3.2m?) to operate the donated heat pumps for more than an hour with
continuous ice formation and still supply 90% of the no-ice (0°C) heat rate, 7,000
W (24,000 Btu/hr). Two additional aspects of this setup required further
development. These are: the evaporator plate water distribution system and the
design and selection of the controls to automatically harvest the ice. )

Since the selected design required a flow of water over the plates, a pumping
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FIGURE 4. Parallel ice-maker evaporators suspended over test tank.

and water distribution system had to be developed. Several alternatives were
designed and tested in the laboratory. Emphasis was placed on minimizing the
pump power and probable maintenance requirements.

Copper tubes [1.27 cm (0.50 inch)] were placed along the top of each side of
the evaporator. Holes [0.25 mm (0.10 inch)], drilled at 1.26 cm (0.50 inch) in-
tervals along the tube, distributed 95 Ipm (25 gpm) of water uniformly over both
sides of both evaporator plates. Initial tests (uniform hole size) revealed that the
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T~
hole size had to decrease from the center of the tube to the ends in order to achieye
a uniform flow distribution (Figure 5).

Ice harvesting is effected by forcing superheated freon to bypass the condenser
and expansion device and go directly to the evaporator where it melts the ice iy,.
mediately adjacent to the plates causing the sheets of ice to fall into the storage

tank.
I 1.4 M l
le ole e ole She |
” R
! d=.254cm l d=.308cm ld=.356cn'ur d4=,305cm d=.254cm—1

FIGURE 5. Hole size specifications for water distribution tubes.

Temperature switches, pressure switches, and timers were investigated to
control the initiation and termination of ice harvesting. The sensing elements of
the switches were placed on the suction line of the heat pump. A short period of
time (90 seconds) was required for the heat pump to regain operating equilibrium
immediately following termination of defrost. During this period the suction tem-
perature and pressure dropped to levels lower than the harvest initiation set points
required for the switches. This caused a continuous on-off cycling of the defrost
system once initiated. Use of suction line conditions consequently proved
inadequate to control the harvesting of the ice.

Harvesting of the ice is never required until the water temperature reaches
0°C (32°F). This allows one to use the water temperature to initiate a controlled
time cycled defrost. A timer was selected which allows on-off adjustments from 18
seconds to 1,800 seconds (30 minutes). The timer was set to provide 30 seconds
for harvesting the ice following every 30 minutes of operation. Adjustments
allowing greater harvest time or defrost frequency can be easily made if required.
A combination timer-temperature switch was selected as the best solution (Figure
6).

NORMAL OPERATION

s

TIMER | B
DEFROST OPERATION

| TEMPERATURE
! SWITCH

|
110" acc.

FIGURE 6. Schematic of automatic ice harvest control.
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TESTING AND EVALUATION PROGRAM

An expenmental program to evaluate pump performance was carried out. The
monitoring equipment used, and parameters measured are delineated in Table 1.
Sufficient data was collected to evaluate the performance of the ice maker heat

ump as a function of ice thickness. A control panel was constructed to facilitate
testing. This included all of the switches necessary to operate the system as well as
most of the monitoring equipment. To simulate the storage tank environment, a
styrofoam enclosure was built around the tank. This caused the air temperature
surroundmg the evaporator plates to drop to 6°C (43°F). Storage air temperature
in the tank is calculated to be 1°C (34°F). The heat pump input electrical power,
the tank water temperature, the heat output from the system, and the ice
thickness were monitored.

EXPERIMENTAL RESULTS

The original testing of the design concepts concentrated primarily on the
operational characteristics of the system during ice formation. The performance
change caused by the ice formation is shown by Figure 7 for the design selection.
The upper curve is for two parallel plates and the lower for a single evaporator
plate at a freon charge of 2.1 kg (4.6 lbs). The required freon charge was
analytically determined based on that used in the manufacturer’s air evaporators.
Future experiments will be run at varying charges to determine the optimum
amount of freon for the parallel plate evaporator system.

A comparison of the system performance with the flat plate water evaporators
with that of the air evaporator system is shown in Figure 8. This reveals that the
heat output, using two parallel water evaporators, exceeds that of the air
evaporator for corresponding evaporator temperatures. Tables 2 and 3 present the

TABLE 1. Monitoring equipment used to evaluate evaporator designs.

Equipment Parameters Measured
Wattmeters Compressor, condenser fan, and water
pump power
Ammeter Compressor Current
Copper Constantan Temperature of water, suction and discharge
Thermocouples lines, and air entering and exiting the heat pump
Hot Wire Anemometer Rate of air flow over the condenser
and Vane Anemometer
Pressure Gages Suction and discharge pressures
Vernier Caliper Thickness of the ice

Stopwatch Ice harvest time
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system performance with the parallel plate evaporators. Table 2 is for opeﬁn
a non-ice-making mode using the sensible heat of the water at temperatures aboye
0°C (32°F). The results during ice formation are given in Table 3.

15,000
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FIGURE 7. Effect of ice formation on output of heat pump.

CONCLUSIONS

The results reveal that heat pumps can efficiently supply the heating
requirements of a dwelling while operating in an ice-making mode. The
evaporator system components and ice harvest controls described above make use
of commercially available equipment, allowing standard heat pumps to be readily
adapted to this application. The significant energy savings resulting from using a
heat pump in the ACES mode along with the successful laboratory tests justify the
installation of this evaporator system in a residential application for continued
development and analysis. Continued laboratory studies will involve using the ice-
maker evaporators in series with the conventional outside air evaporator in an ef-
fort to minimize water storage requirements.
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FIGURE 8. Heat pump performance vs. temperature of evaporating medium.
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ABSTRACT

An economic analysis of a solar heated and cooled private home is developed. The basis of the
analysis is an experimental ‘‘solar’’ home located at Larimore, North Dakota. This 214m?
(2,300ft?) home utilizes a solar assisted heat pump heating and cooling system with 97m? (1.050f¢?)
of forced air solar collector and 15,140-151,400 liters (4,000-40,000 gallons) of water storage
capability. This paper includes a comparative study of the costs inherent with this system with those
of conventional systems (gas, fuel, and electric) for a similar sized house. Types of costs examined in-
clude those for the heating unit, fans, water storage area, evaporators, and pumps. Costs of con-
ventional systems include the heating and cooling units, fans and systems layout. Operational costs
of the same systems are simulated with the aid of a computer model of the experimental system.

INTRODUCTION

The use of solar energy as an alternate means of space heating and cooling has
become more prominent with the realization of the limits of fossil fuel resources
and reserves. Considerable research has been conducted on the engineering and
economic feasibility of using a solar-assisted energy package to heat and cool
private homes. Such a package consists of heat pumps, solar collectors, and a ther-
mal storage medium. Previous studies have shown the need for large collector
areas and large thermal storage capacities in the northern portions of the country
(United Nations, 1964). The current high initial cost of solar collectors and
storage capacity often makes the solar-assisted alternative economically unat-
tractive when compared to conventional systems (gas, oil, electric resistance).

Fischer (1976) developed an economically feasible heating and cooling system
that is not dependent on active solar collectors but is dependent on solar energy.
His Annual Cycle Energy System (ACES) utilizes the latent heat of fusion of
water to provide the heating and air conditioning requirements of the dwelling.
This system needs only a unidirectional heat pump, heat exchangers, water
evaporators, and a large storage medium. Thus, it eliminates one of the two costly
variables in an alternate enmergy system—the collectors, replacing them by
utilizing naturally occurring solar energy during the summer months.

The economic importance of utilizing solar collectors in a residential heating
and cooling system will be examined in this paper. The basis for the study will be
an experimental ‘‘solar”” house containing a solar-assisted heat pump heating and
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cooling system. A computer model is used to predict annual operating costs for
the solar-assisted system, ACES system, and conventional heating and cooling
systems (gas, oil, electric resistance).

MATERIALS AND METHODS

Description of System.—The solar-assisted heat pump system used in this
analysis is shown schematically in Figure 1. The system utilizes unidirectional
heat pumps, forced air collectors, a water storage capacity, and air-to-water heat
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Figure 1. Single Zone solar-assisted heat pump system.

exchangers for effective heat transfer. Somerville (1977) offers a complete system
breakdown with operating modes and subsystem functions. Mathsen (1977)
describes and discusses the solar collector design and operational performance
characteristics.

System Computer Simulation.—Loken (1977) prepared a comprehensive
mathematical model of the solar-assist system to predict the operating per-
formance and economy. The computer model consists of a series of differential
equations resulting from a first law of thermodynamics analysis of the dwelling,
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L —
storage tanks, and collectors. It simulates a yearly run of the solar-assisted system_
Also analyzed are the performance and annual operating costs of conventiong]
systems operating under similar conditions as the solar-assisted heat pum
system. Design parameters and initial conditions are input at the beginning of the
program. Solar isolation on the collector surface is computed using average mop.
thly insolation levels for 48° latitude, interpolated to a daily basis. Energy storegd
in the storage water and the heating and cooling loads are calculated from syster
conditions beginning with the initial input. Program output yields the daily, mop-
thly, and yearly heat energy totals, operating performance and cost of the solar
assisted system and of the conventional systems.

Analysis Format and Assumptions.—The various systems analyzed were
examined in light of local conditions, i.e., local gas, oil, electric rates, equipment,
and labor costs. Each system was economically examined as the ‘‘installed’’
heating and cooling system of the test home. Table 1 shows the comparison of

Table 1.  Comparison of initial systems cost.

Solar-
Assisted Oil-Fired Gas-Fired Electric
Assisted  Furnace Furnace Resistance ACES

Component Heat Pump
Water Storage Tanks
Tank 1,310 2,700
Liners 1,065
Insulation/Labor 775
Solar Collectors
Material 5,065
Labor 2,500
Mechanical Equipment
Heat Pumps 2,000 2,000
Furnace 770 580 810
Water Evaporators 500 600
Exchanger Coils 1,200 200
Fans 850 425
Water Pumps 540 125
Air-Conditioner 850 850 850
Fuel Tank 250
Vent 280
Controls 200 220 200
Duct Work/Hookup 3,300 1,910 1,910 2,250
Plumbing 600 500
Insulation 440

Collector Backing
TOTALS $20,345 $4,060 $3,340 $1,880 $9,000




ANNUAL PROCEEDINGS 89

initial equipment and labor costs for each system. Annual operational costs for
each system were computed on the basis of their respective operating performance
characteristics. The total annual cost of each was computed using the initial cost,
annual operating cost, and an annual gradient included to simulate inflation and
fuel price escalation. Each system was examined for a twenty year life and under
two different interest rates. Total annual costs were calculated at 6% interest and
10% interest. The 6% analysis assumes that the owner has the choice of the extra
initial investment for the higher priced solar or ACES system. A 6% interest rate
is what he could expect had he chosen some other type of investment. The 10%
analysis assumes the owner borrowing the initial investment and attaining a mor-
tgage.

The cost of operating the solar-assisted heat pump system to supply building
heating and cooling requirements is comprised of three basic components:

1. Heat pump operating costs.

2. Solar collector operating costs.

3. House fan and pump operating costs.
The cost of operating the ACES contains the same components as the solar-assist
system without the solar collector operational costs. The cost of operating the heat
pumps is a function of the pump Coefficient of Performance (COP). The COP is
dependent on evaporator temperature which varies with the water temperature.
Heat pump performance data input into the program is used to calculate the COP
and operating cost at the various water temperatures. The solar collector
operating costs are based on collector fan and pump costs. The cost is calculated
from the house heating loads and the local graduated electric rate (NSP, 1977). A
base load of 500 kwh/month is assumed in all computations.

Table 2. Cost comparison for solar-assist heat pump system with various
collector areas.

Collector Face  Initial Salvage Operating () Annual Cost (§)
Area (m?) Cost (8)  Value (§) Costs* ($) Gradient 6% 10%

100 20,345 2,035 221 22 2,118 2,721

90 19,195 1,920 232 23 2,033 2,606

80 18,045 1,805 239 24 1,950 2,485

70 16,895 1,690 245 25 1,862 2,362

60 15,745 1,575 251 25 1,776 2,234

50 14,595 1,460 255 26 1,685 2,112

40 13,445 1,345 259 26 1,596 1,985

30 12,295 1,230 262 26 1,503 1,858

20 11,145 1,115 263 26 1,408 1,726

10 9,995 1,000 266 27 1,317 1,598

0 8,250 825 270 27 1,178 1,321

*Includes winter heating and summer cooling.
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The solar-assist system’s economic performance is examined on tmf
solar collector area. The price of solar collectors is assumed to be $107.64/m
($10/ft*) which includes the price of fans, pumps, and extra ductwork. The sy,
tem with varying collector area is examined with respect to initial cost, Salvage
value, annual operating disbursements, a 6% inflation and 4% fuel escalatioq
gradient, and total annual costs. The results are tabulated in Table 2.

The cost of delivering heat to the experimental home by means of an oil-fireq
furnace with an annual efficiency of 65% is computed on the basis of an assumeq
fuel cost of .113¢/liter (43¢ /gallon). The fuel has an assumed higher heating
value of 45,140 J/gr (19,420 Btu/Ib) and a volume density of 0.87533 gr/cnp
(7.305 1b/gallon). The summer cooling load is calculated assuming a central ajr-
conditioning system with a system COP of 2.2.

In this analysis the price of natural gas is determined under the local gas rate
structure (NSP, 1977). Unique to regions along the United States-Canadian bor-
der is an additional Purchase Gas Adjustment (PGA) for imported natural gas.
The PGA assumed in this analysis is 5.91¢/m? ($1.675/1,000ft®). This is an ad-
ditional rate above the basic rate structure set by local distributors. Because of the
uncertainty of the PGA in this region, the annual cost calculation assumes an an-
nual gradient of 20% of the first year operating costs instead of the 10% gradient
assumed by the other systems examined. The gas system gradient consists of 14%
gas escalation and 6% inflation. The heating value for natural gas is assumed to
have a value of 27.53J/cm? (1,000 Btu/ft*). The gas-fired furnace has a seasonal
efficiency of 65% and the summer cooling load costs are calculated assuming a
central air-conditioner with a system COP of 2.2.

The all electric-resistance heating system is analyzed with the assumption that
all space heating requirements are obtained from electric base board heaters with

efficiencies of 97%. Cooling requirements are provided by air-conditioning units
with COP’s of 2.2.

RESULTS

Table 2 shows the cost comparison for the solar assisted system with varying
collector area. As collector area is reduced, the fraction of the heat load provided
by the heat pump increases. Therefore, operating costs increase. However, it is
interesting to note that the fotal annual cost decreases as collector area decreases
for both the 6% and 10% case studies.

Table 3 shows the cost comparison for the various systems examined. Though
the conventional systems have a much lower initial cost than the solar-assisted or
ACES systems, their annual operating costs are twice those of the ACES system.
In total annual costs (on a twenty year basis), ACES system and solar-assisted
systems both seem economically competitive to the conventional systems, with
ACES being the more attractive. The high annual cost of the natural gas system
can be attributed to the PGA of imported gas. At 10% interest, ACES, oil-fired,
and electric resistance all appear competitive, while solar-assisted and natural gas
have a much higher annual cost.
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Table 3. Cost comparison for various heating and cooling systems.

Initial Annual Total Annual Cost ($)
System Cost (8) Operating Cost ($) i=6% i=10%

Oil-fired Furnace 4,060 515 1,254 1,323
Gas-fired Furnace 3,340 592 1,779 1,753
Electric Resistance 1,880 643 1,294 1,280
Solar- Assist Heat Pump

Maximum 20,345 221 2,118 2,721

Minimum 9,995 266 1,317 1,598
ACES 9,000 270 1,241 1,400

CONCLUSIONS

The ACES, oil-fired, and electric resistance systems are economically com-
petitive on a twenty year basis and the assumptions of this study e.g., local energy
rates, equipment and construction costs and adequate water storage capacity for
the ACES system. The future energy rates, lower future costs of solar collectors
and/or changes in construction rates could alter this conclusion. The economics
of the solar assist and ACES systems and their overall resource impact (potential
doubling of resource life) make them look very attractive for future residential
heating application.
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P.O. Box 8103
Grand Forks, North Dakota 58202

ABSTRACT

‘The design of an experimental residential solar heating system situated in North Dakota is
discussed and described. The system described has been built and provides all of the energy required
to hcat and, under certain operational modes. air-condition the residence. The system presented is
flexible: five different operational modes are examined for the system described. It is unique in the
Nation and has value as an experimental tool to evaluate the actual characteristics of different solar
systems while eliminating the major variable of the residence.

" “The results indicate that the annual cycle energy system operational mode is the most economic

while reducing procured energy by 61 percent over a conventional system. The maximum energy
conservation mode reduced the procured energy base by 72 percent but required over twice the
capital investment of the annual cycle system.

INTRODUCTION

The designer of a residential solar based heating and air-conditioning system
faces a plethora of decisions which must be addressed. The first is to choose be-
tween designing a supplementary solar system (one that supplements a con-
ventional heating and air-conditioning system) or a complete system providing all
of the heating and air-conditioning requirements. Only complete systems will be
discussed here.

Figure 1 shows that the minimum solar insolation occurs during the winter
months while the maximum occurs during the summer months. Maximum heat
load occurs during the winter and is shown as the mean degree days curve. Con-
sequently, a system that collected solar energy during the summer would
probably require less capital investment per unit energy collected that a system
built to operate during the winter months. The time of solar energy collection is
the conceptual design difference between an active solar collection system
(SCS—winter collection) and a passive solar annual cycle energy system
(ACES—summer collection). The system described, located north of Larimore,
North Dakota, has the capability of being operated as either an SCS or ACES
system. As such, it is an experimental system and is unique in the Nation.

Another design problem is to make the total cost (capital, operational, and
maintenance) of the installed system economically competitive. There are also
strong incentives, from a business viewpoint, to minimize the capital investment
cost in favor of increased operational costs. The latter point is one of the principal
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Figure 1. Monthly Solar Insolation, Mean Degree Days, and Average Temper-
ature, Grand Forks, North Dakota, Source: Ashrae 1972.

reasons that solar systems are not widely used today. The system described ad-
dresses this capital minimization problem.

Over a thousand solar energy systems exist in the United States today (ERDA
76-144, 1976, 76-1, 1976, 76-127, 1976, 76-128, 1976). Many of these are
sponsored by the Energy Research and Development Administration (ERDA).
Only nine (ERDA 76-145, 1976) of these are located in a climate approximating
that of Grand Forks, North Dakota. None of these are similar to the system
described, which the authors believe to be unique to the region and perhaps to the
Nation.

The system described has several unique characteristics; which will be
discussed here and by Mathsen (1977) and Wendschlag (1977). These charac-
teristics include multiple modes of operation, air-cooled, semi-selective non-black



ANNUAL PROCEEDINGS 95

collector elements, ice-making unitary heat pumps, a flexible but large (15,000 to
150.000 1) water storage volume, and a capability to utilize either or both the sen-
sible and latent heat of fusion storage mechanisms.

The ACES concept was partially developed by Fischer (1976). The ACES
system withdraws energy from storage throughout the winter gradually con-
verting the storage liquid (water) to a solid. During the following summer the
storage energy is restored by melting solid (ice) formed the preceeding winter.
The key to the ACES system is to harvest ice from the evaporator of the system’s
heat pump at a low or negligible energy cost. Utilization of the sensible and latent
heat of fusion effectively increases the thermal storage capacity of a water storage
tank by a factor of 2.0 to 2.6 over that of the sensible heat. This has a pronounced
peneficial impact on the economics of the system. It also allows the solar collector
area to be minimized and, in some cases, allows the solar collector to be com-
pletely eliminated.

Institutional constraints represent another area of major concern that the
designer faces. Institutional constraints include items such as: solar rights,
existing service personnel structure, commercial availability of equipment,
unique regional problems, local codes, local utility rate structures, local utility
peaking and demand needs, packability of the unit(s), architectural freedom, and
retrofit needs. A properly designed solar heating system (SCS or ACES) must ad-
dress and satisfy most of the instructional constraints listed above.

DESIGN OBJECTIVES

The objectives that are listed below were partially set out at the beginning of
the project. Their development continued throughout the project as the design
team became more knowledgeable of the problems that had to be addressed.

The design objectives were:

1)  The solar heating system was to provide all of the heating and cooling
(including dehumidification).
2)  The system was to be at least as reliable as a conventional system.
3 ) The system was to be unique, in an experimental sense, to allow collec-
tion of much needed design data.
4)  The system was to meet the following institutional constraints:
a.  Conventional house thermostat control was to be used.
b.  The system was to be equivalent to or better than a conventional
heating system in regard to utility peaking problems.
c.  The system was to be installed by local contractors.
d.  The system was to be maintained by a local heating and air con-
tractor.
e.  The unit was to have a design life of 20 years.

An economic objective was included in the original objectives. The owner of
the system was informed at the beginning of the project that the system would
probably not be economically competitive.



96 NoORTH DAKOTA ACADEMY OF SCIENCE
DESIGN PROCEDURE S

The design procedure consisted of two phases: an approximate design phase
and a detailed design phase. Approximately four man-months were devoted the
first phase while forty-eight man-months were expended on the second.

The approximate design phase consisted of four major tasks which were cop,.
pleted for several conceptual designs:

1) Determination of the hourly and seasonal heating and cooling (in-
cluding dehumidification) loads utilizing standard procedures.

2) Determination of the thermal energy spectrum (energy as a function of
collector and environmental temperature) available with differen,
collector designs.

3 ) Determination of the required storage volumes and evaporator needs
for the available heat pumps.

4 ) Completion of preliminary economic and institutional constraint
analyses.

The product of this phase is shown in Figure 2 except that simple coiled cop-
per tubes were to be used as evaporators.
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Figure 2. Simplified Schematic of the Solar Energy Heating and Air-Condition-
ing System.
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The detailed design was completed by carrying out several design efforts
gmultaneously. The following design steps were completed:

1) A detailed research, design, development, and testing program of an
air-cooled, semi-selective, non-black collector was completed and is
reported by Mathsen (1977).

2) Two mathematical transient models, one of the collector and one of the
entire system (collector, storage, heat pumps, ambient conditions, and
residence) were written. Algorithms approximating these models were
written and the numerical simulations completed. This phase of the
work is reported by Loken (1977).

3) A commercially available heating-only heat pump was modified (Wen-
dschlag 1977) to accept ice-maker evaporator plates so that the system
could be operated in an ACES mode.

4) A complete economic analysis comparing the SCS and ACES systems
with conventional systems was completed by Svard (1977).

5)  Commercially available equipment was searched for components that
fitted the needs of the system.

The above steps were coordinated and their objectives continually modified so
that a practical, economic, flexible heating system would result. The results of
this design effort are presented.

DESIGN RESULTS

The major equipment selected and installed in the system (Figure 2) is listed
in Table 1 with the manufacturer’s specifications. The design specifications of the
major items are given in Table 2. These specifications were determined after ex-
perimental data for the heat pump and solar collector unit had been gathered and
analyzed. The storage volume dimensions are shown in Figure 3; the tanks are
2.6 M (8.5 ft) deep. The choice of two tanks was made on the basis of economic
and operational flexibility considerations. The concrete walls shown replaced in-
terior wooden frame structural walls called for by the original design.

The system components key to providing a large degree of flexibility are: two
storage tanks, two ice-making heat pumps, the solar collectors, and exchanger
number 2. Although not shown in Figure 2, the right storage tank can be
mechanically cooled. These items arranged in the manner shown, allow the
system to be operated in at least five operation modes.

The objectives of the five operation modes selected for study are listed in Table
3. These modes were selected so that the impact upon energy conservation of dif-
ferent component selection (capital investment) could be determined. The detailed
operation of each mode is discussed below. Table 4 summarizes the key
operational parameters in the system.

Mode 1.—The first mode of operation was intended to maximize winter
energy savings. This is accomplished by operating the solar collector throughout
the entire heating season. The collector is turned on September 1, and operates
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Table 1. List of mechanical equipment installed in Larimore, North Dakot,
experimental solar heating system.

Manufacturer’s
Item Manufacturer Specifications Quantity
Solar Collector Fan TRANE 220V, 1 hp, 587 1

RPM, 3,000 cfm @
0.82 in. of H,0, 18FC,
type M, #8, ccw, up
blast

House Fan TRANE 220V, 1 hp, 600 1
RPM, 2,400 cfm @
67 in. of H,0, 16FC,
type M, #7, ccw, Bot-
tom Horizontal

Heat Pumps JANITROL #04G03, 35,000 2
BTUH at 42°F, 38-
39 WATT-SAVER
Evaporator Pumps PEABODY Y3 hp, SSC27, 25 2
BARNES GPM at 15 ft. head
Heat Exchanger PEABODY SPS, v2 hp, 25 GPM 2
Pumps BARNES at 70 ft. head
Mechanical Cooling CENTREX REX 12T, 850 cfm at 1

2.5 in H,0, ¥ hp,
1,140 RPM, in line

Solar Heat TRANE type D, 4 row, series 1
Exchanger 15 with turbulaters,

24 x 60
House Heat TRANE type W, 2 row, series 1
Exchanger 15 with turbulators,

24x 60

until May 1. As a result of this, the temperature of the water storage tank at the
beginning of the cooling season will still be very high. This reduces the prac-
ticality of air-conditioning with the solar system. The tank wili have to be
mechanically cooled throughout the entire summer. This mode of operation may
increase the energy required to air-condition above that of conventional central
air-conditioners. The system, however, maintains the advantage of using off-peak
energy for air-conditioning which influences the economics.

Mode 2.—The second mode of operation is a modification of the first with the
intent of reducing the amount of mechanical cooling required for air-conditioning.
In this mode, the solar collector is turned on September 1. The shut-off point,
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Table 2. Design specifications of the major solar heating system components.

Capacity
Metric Units English Units
Heat Pumps (each) 6.45 KW at 22 MBTUH
28.3 M?*/min at 1,000 CFM
solar Heat Exchanger 58.6 KW at 200 MBTUH at
EAT of 77°C EAT of 170°F and
EWT of 32°C EWT of 90°F
House Heat Exchanger 8.8 KW at 30MBH
EAT of 21°C EAT of 70°F
EWT of 35°C EWT of 95°F
Storage:
High 151,4201 40,000 Gal
Startup 94,6401 25,000 Gal
Low 15,1421 4,000 Gal
Solar Fan 85 M?/min 3,000 SCFM
@ 2.3 cm of H,O @ 0.9 in of H,O
House Fan 56 M;/min 2,000 SCFM
@ 1.5 cm of H,O @ 0.6 in of H,0O
Evaporator Pumps (each) 94.6 1/min 25GPMat 15 ft
at 4.5 M of H,0O of H,O
Heat Exchanger 94.6 1/min 25 GPM at 40 ft
Pumps (ea.) (self priming) at 12 M of H,O of H,O
Solar Collector Area 97.55 M? 1,050 ft?
Effective
Covered Roof 111 M2 1,200 ft?

however, is selected early enough so that the remaining heating requirements will
drop the storage water temperature to nearly freezing (32°F) by the start of the
air-conditioning season (June 1). This will allow much of the total cooling load to
be met before mechanical cooling of the tank is required.

Mode 3.—This mode is significantly different from the first and second mode.
In this mode, the system is operated as an annual cycle energy system (ACES) and
does not require solar collectors. The distinguishing feature of this system is that
the storage water becomes a thermal capacitor of sufficient size to cyclically
release and absorb a portion of the seasonal heating load and all of the seasonal
cooling loads of the dwelling. This is accomplished by utilizing an ice-maker heat
pump to remove energy from the water storage tank while heating the house
during the winter. This causes the water in the storage tank to freeze. The ice for-
med during the winter is stored to provide the summer air-conditioning. Melting
the ice during the summer returns the energy to the water that was extracted the
previous winter. The amount of ice formed exceeds that required for air-
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Table 3. Design objectives and equipment arrangement for selected Operationg)
modes.

Solar Single or Dual (Spliy)
Collectors Ice Storage Tank
Mode Objective Used Formed Arrangement

Winter Sum
———— —Mmer

1  Maximize winter Yes No Single Dual
energy savings

2 Maximize winter Yes No Single Single
energy savings consis- (If properly
tent with summer con- designed)
ditioning but without ice
formation

3 Operate system as an No Yes Single Single
annual cycle energy
system (ACES)

4 Operate system as a Yes Yes Single Single
series ACES-SCS system

5  Operate the system as a Yes Yes Dual Dual

parallel ACES-SCS system

conditioning by a factor of 3 to 4. This excess ice is melted using ambient air (solar
energy) as the heat source.

Mode 4.—Operating Mode 4 is a combination of the ACES mode and the
direct solar energy operating Mode 2. In this mode, the solar collector is turned
on September 1 and shut-off in midwinter. The shutoff point is selected so that the
ice formed during the heating cycle will supply the cooling load. This reduces the
need to melt excess ice or mechanically cool the storage tanks during summer.
Consequently, summer energy requirements are minimized.

Mode 5.—Mode 5, a variation of Mode 4, uses the two tanks as entirely
separate systems. One storage tank is used solely in an ACES mode while the
other tank is operated in an active solar mode similar to Mode 1. The solar tank is
used exclusively for heating when its temperature is above 35°C. The ACES tank
is used exclusively for air-conditioning. Mechanical cooling to maintain air-
conditioning may or may not be required, depending on the amount of ice
generated in the ACES tank. The solar tank is initialized at 43°C in this mode to
take into account the solar energy which would be added in August.

SIMULATION RESULTS

Each of the above modes were numerically simulated utilizing Loken’s (1977)
model. Five yearly simulations initiated at the beginning of heating season, Sep-
tember 1, were completed. Tank temperatures were initialized to 10°C in all
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Figure 3. Construction Plans of Basement Storage Tanks.

modes except 5 where it was set to 43°C. The house maintained at 22°C
throughout the year. Steady state operation was assumed.

The projected energy usage for each mode is shown in Table 5. The ‘‘Energy
Furnished’” columns represent the total energy supplied to the dwelling on a
seasonal or annual basis. The average seasonal heating load for the structure
analyzed is 30,540 KW-HR ; the average seasonal cooling load is 2,630 KW-HR.
The coefficient of performance (COP) is defined as the ratio of the energy fur-
nished to energy procured (electrical input). The seasonal and annual coefficient
of performances are also reported in Table 4 with the capital investment required
by each mode. Wendschlag (1977) has developed detailed storage tank tem-
perature profiles for each of the simulated operation modes presented.

DISCUSSION

All, except one, of the design objectives have been met or exceeded. The
system described provides all of the heating requirements and can provide the
required air-conditioning. The reliability of the system is greater than a con-
ventional system’s. This is due to the heat pump-storage tank operation. The
system is unique in the nation in that it can be operated in several modes which
span the entire design range of solar heating systems. The system meets four of
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the five institutional constraints set out as design objectives. The projected life of
he system is twenty years; however, it is the authors’ opinion that the collector’s
quter convective shield may have a ten to fifteen year life.

The energy data presented (Table 5) indicates that the optimum conservation
operation mode is Mode 5 which is a parallel SCS-ACES system. The economic
data (Table 4) indicates that the optimum economic operation mode may be Mode
3, This result is substantiated by the work of Svard (1977) which indicates that
Mode 3 is economically competitive with conventional systems on a twenty year
life basis. The differential percentage energy savings between Modes 3 and 5 are
small. Mode 3 saves 61 percent [ (1-%2.59)* 100] of the energy that would have
peen procurred by a conventional heating and air-conditioning system. Mode 5,
the maximum energy conservation mode, saves 72 percent. Although not all of
the possible operation modes have been examined, it is unlikely that an energy
savings greater than 80 percent can be achieved. To obtain 80 percent, the
storage volume (94, 353 1) would be reduced to a somewhat lower volume (ap-
proximately 37,400 1) and air-conditioning would be eliminated. However, the
system operated in this manner, would become a utility peaking unit. This forces
the utility to charge a higher electric rate and would make the system even less
economically attractive than it is currently.

The ACES operation mode appears to be a very reasonable compromise bet-
ween energy savings and capital investment for the North Dakota environment.
The ACES system concept is likely to be developed before large SCS systems
because of its inherrent advantages of high energy savings at a significantly lower
capital cost. The experimental system described that has been built and will
provide experimental system data needed in the solar heating and air-conditioning
field.
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ABSTRACT

\ computer model to simulate the yearly performance of a solar assisted heat pump domestic
residence heating system in Larimore. North Dakota. is presented. The house modeled is a two-story
tructure and has 97m? (1.050 ft?) of solar collector. two water tanks. and two 36.9 M]/hr (35.000
Bruhy heat pumps. Differential equations describing the collectors, house. and storage were
numerically solved using a Hammings predictor-corrector routine with a Runge-Kutta startup.
Other routines were used but were not successful. Local weather records providing hourly tem-
perature and insolation conditions were used to provide the physical boundary conditions. The model
provides yearly operating costs for the solar heated residence as a function of equipment and en-
vironmental parameters which will assist in selection of the most desirable operating mode and will
allow optimization of future designs.

INTRODUCTION

Recent energy shortages have prompted increased interest in developing alter-
native energy sources to replace or supplement dwindling resources. One of the
‘most abundant and uniformly available sources of energy is sunlight; however,
exploitation of solar energy has been frustrated by the diffuse and intermittant
nature of solare radiation at the earth’s surface. Although these properties con-
stitute serious technical and economic roadblocks to solar development, there are
some potentially feasible applications. A case in point is heating ventilating and
air-conditioning (HVAC) of structures for human comfort. The potential impact
of solar heating systems on United States energy consumption is significant.
Reynolds, (1974: 15) indicates that 25 percent of the United States gross energy
consumption is used for domestic and commercial space heating. This study is
concerned specifically with the space heating application of solar energy to single
family domestic residences.

Design of solar HVAC systems which are both functionally and economically
competitive with conventional systems represent a challenge to the designer
because it is very difficult to reliably predict how well a given system will perform
under actual operating conditions. Much research has been devoted to devising
analytical techniques and mathematical models to evaluate and simulate the per-
formance of solar HVAC systems. These efforts have been directed to five major
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areas: (1) prediction of solar radiation (Liu and Jordan, 1963), (2) SOlalmr
analysis (Klein, et al., 1973), (3) thermal storage analysis (Telks, 1974), 4
structure heating and cooling load analysis ASHRAE, 1972), and (5) overy|
system analysis (Freemont, et al., 1975). The references cited above comprige
only a partial list of the literature available with the number of publications i, .
creasing each year.

This study addresses the overall system analysis approach to solar HVAC
design by integrating suitable mathematical models of physical processes together.
A numerical algorithm written for the digital computer provides solutions to the
system model as a function of time throughout the year. The remainder of the
paper describes the overall system simulation model and its utility beginning with
a description of the dwelling and the solar heating system followed by develop-
ment of the mathematical model, verification of the model, and results of the
analysis of two system design variations.

The house used for the purpose of this study, located in Larimore, North
Dakota, is a two-story wood structure with 213m? (2,300 ft2) of floor space and a
full basement. Energy conservation features include six inch wall construction
with fiberglass insulation, twelve inch attic insulation, and triple pane windows.
Design heating and cooling loads are 42.2 and 27.4 M]/hr (40,000 and 26,000
Btuh) respectively. A conventional forced air distribution system with standard
thermostat controls maintains indoor climate conditions. Two storage tanks, each
with a capacity of 68m? (2,400 ft*), are located in the basement and 97.5m?
(2,050 ft?) of solar collector is located on the south roof, tilted 63.4° from
horizontal.

The heating system can best be described as a ‘‘solar assisted heat pump
system (Jordan and Threlkeld, 1954).”” Solar heating systems are usually com-
prised of the following basic units: solar collector, thermal storage, backup
system, energy transfer equipment, and controls. Figure 1 schematically
illustrates the system considered in this study. No backup system is shown
because it is not needed. A flat plate solar collector using air as the working fluid
transfers heat to the thermal storage medium (water) with an air-water heat ex-
changer. Two Janitrol heating-only (unitary) heat pumps, each with a condenser
capacity of 28.2 MJ/hr at 0°C (32°F) evaporator temperature (Janitrol, 1976),
are used to remove heat from storage for house heating when storage temperature
is less than 35°C (95°F). If storage temperature drops to freezing, the heat pump
evaporators utilize the latent heat of fusion of water by forming ice. At storage
temperatures above 35°C, the house is heated directly with hot water via heat ex-
changer X,. The house is cooled during the summer by purposely chilling the
storage water with the heat pumps (condenser load is dumped to ambient) and cir-
culating the water through exchanger X,.

An important variation of the solar assisted heat pump system is the annual
cycle energy system (ACES) (Fischer, 1976). The discerning feature of this
system is that the storage medium becomes a thermal capacitor of sufficient size to
cyclically release and adsorb the seasonal heating and cooling load of the dwelling.
During the heating season, heat pumps extract heat from thhe storage water
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FIGURE 1. Solar Heating and Cooling System for the Larimore House.

making ice in the process which is stored until needed for summer cooling.
Amounts of ice in excess of cooling needs will be formed in geographic locations
where the heating load exceeds the cooling load. The extra ice may be melted
with ambient air or simple solar collectors in the summer. Inexpensive solar
collectors may also be used in the heating season to melt ice and thus reduce
storage volume requirements.

This study developed a mathematical model of the system described above
which simulates yearly performance. The differential equations resulting from a
First Law of Thermodynamics analysis of the solar collector, thermal storage
medium, and dwelling form the basis for the mathematical model developed. The
physical (not mathematical) boundary conditions as a function of time are
provided and account for transient solar radiation and environmental temperature
phenomena. Numerical solution of the differential equations is accomplished
with Hamming’s modified predictor-corrector method with a Runge-Kutta
startup allgorithm (IBM, 1970: 337-341).

The model provides system performance data in the form of temperatures,
heat balances, and operating costs. From this information it is possible to
evaluate different combinations of design parameters and operating modes.
Operating costs for conventional types of space heating are also calculated for
comparison purposes.
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MATHEMATICAL MODELS

A brief discussion of the mathematical models devised or adapted for thg
study will be presented. The models can be catagorized into three general groups.
(1) solar collector, (2) thermal storage and dwelling, and (3) physical bounda
conditions. Each of these models and the major assumptions are discussed beloy

Solar Collector —This analysis treats the solar collector as a closed systen
which exchanges energy with the surroundings by means of conduction, cop.
vection, and radiation at its boundaries (Brown, 1976). The First Law of Ther.
modynamics, written for various collector components, reduces to the following
system of differential equations:

n dOwi =mi(Ti) " Cu(T:) dTii=1,p )
T dt dt
k=1
Subject to the initial conditions:
T(ta) = Ta (2)

Where mass and specific heat may or may not be functions of temperature. These
equations, subject to physical boundary conditions of solar insolation and en-
vironmental temperature, govern the transient interchange of energy between the
collector coverplates, absorber plates, and working fluid.

In the course of the study it became apparent that solution of equations (1)
would be impractical because the thermal time constants are small. As a
result, the differential equation solver must choose small timesteps to insure
numerical accuracy and stability which leads to excessive computer usage.
The problem was overcome by neglecting transient effects. Although ther-
mal capacitance losses are not accounted for, (Klein, et al. 1973) suggests
that zero capacitance solar collector models will give performance predictions
comparable to transient models.

Transient effects were ignored by making the right hand sides of (1) zero
which reduces the set of simultaneous differential equations to a set of
simultaneous nonlinear algebraic equations. Collector efficiency as a function of
all combinations of solar insolation, environmental temperatures, and thermal
storage temperatures was then calculated by a computer program (Brown, 1976)
and reduced to simple equation form for the overall system simulation model.

Overall System.—The governing differential equations for the overall system
model are derived from a First Law of Thermodynamics analysis of the dwelling
and storage units. Both are assumed to be single node lumped capacitance closed
systems which exchange heat with the surroundings at system boundaries. This
system of equations takes the same form as equations (1) with boundary con-
ditions of solar insolation and environmental temperature. Heat transfer rate ter-



ANNUAL PROCEEDINGS 109

ms follow from the house heating/cooling load analysis (ASHRAE, 1972), heat
ump manufacturer data (Janitrol, 1976), and elementary con-
duction/convention heat transfer analysis.

Boundary Condition-Solar Insolation.—The hourly direct, diffuse, and reflec-
ted solar radiation is calculated as a function of time throughout the year by the
method of Liu and Jordan (Liu and Jordan, 1963). It is a comprehensive

rocedure which uses H, the long-term monthly average daily total radiation on a
horizontal surface, and K, the fraction of extraterrestrial radiation transmitted
through the atmosphere, to predict the long-term hourly average total solar
radiation on a tilted surface. H was determined from (Hammon, et al.,
1954: 145, Figure 5), and K; was determined from Saint Cloud, Minnesota
weather data. Saint Cloud was chosen because it is a nearby weather recording
point that measurers K.

A computer algorithm was written which generates a one year data set of
long-term hourly average total solar insolation for input to the overall simulation
model (Brown, 1976). Figure 2 shows the daily total solar insolation on a flat sur-
face tilted 60° from horizontal to the south, plotted as a function of time, as
calculated by the simulation program for the Grand Forks area.

/’“\

22[‘30

2025

DAILY TOTAL INCIDENT SOLAR
INSOLATION
(COLLECTOR TILT. 60°)

AVERAGE MAXIMUM
ENVIRONMENTAL
TEMPERATURE

-——— AVERAGE MINIMUM
ENVIRONMENTAL TEMPERATURE

SOLAR ENERGY INCIDENT ON COLLECTOR (GJ/DAY-M?)
TEMPERATURE (°C)

244 274 308 334 364 29 s7 (14 ur a7 344 207 237
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FIGURE 2. Yearly Average Maximum and Minimum Environmental Temper-
ature Distribution and the Total Daily Solar Radiation Incident on a Flat Sur-
face Tilted 60° from Horizontal to the South.
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Boundary Condition-Environmental Temperature.—The long—m
hourly variation of environmental temperature is calculated based upon ayer, ¢
maximum and minimum daily temperatures and the daily variation of ¢ ¢
perature. Local weather records with a 74 year data base were used to provige th>
daily average maximum and minimum temperatures (Figure 2) (Computer Sume,
mary, 1976). The variation of temperature for any day in a specific month j
based upon the actual temperature variation for one day in that month. In gthe,
words, one representative day was chosen from each of twelve consecutive mgqy,.
ths (June 1974 - May 1975) and the actual temperature distributions for the,
days were plotted in a nondimensional manner. As the simulation progresses
through each day, the environmental temperature varies between the average
maximum and minimum temperatures recorded for that day according to the
daily temperature distribution for the appropriate month. This model accounts fo,
both long-term average environmental temperature and the seasonal variations i
daily temperature distribution.

COMPUTER PROGRAM

A numerical computer algorithm utilizes each of the mathematical models
discussed above to formulate an overall solar heating system computer simulation
model. The algorithm consists of a main program, the numerical integration
subroutine, and several other subroutines. The algorithm can accommodate both
the solar and ACES versions of the system with either single or dual storage tanks.
Execution time (CPU) is about thirteen minutes for a one year (8,760 hour)
simulation run.

Detailed verification of the model is not possible because of the lack of sup-
porting experimental data; however, it is appropriate to compare the heating and
cooling loads calculated by the model with the rule-of-thumb estimates used by
local HVAC engineers and the degree-hour method. Figure 3 shows the
cumulative heating and cooling loads for the dwelling as calculated by the
simulation algorithm, and Table 1 lists the seasonal heating and cooling loads
calculated by the model, the degree-hour method, and by rule-of-thumb. The
model underpredicts the degree-hour heat load calculation by 4 percent and over-
predicts the rule-of-thumb heat load calculation by 38 percent. Cooling load un-
dershoots the degree-hour method by 10 percent and undershoots the rule-of-
thumb method by 44 percent. Because many factors which influence the HVAC
energy consumption are variable from dwelling to dwelling and even from family
to family, the verification and calibration of the model will have to await receipt of
actual operating data. Although sophisticated computer software is available for
heating/cooling load analysis (Kusudu, 1976), moderate refinement and
calibration of the simple model used in this study will probably give performance
predictions within acceptable limits of actual operating data with less expenditure
of computer storage and run times.

RESULTS

The results of two computer runs, one for a solar operating mode and one for
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FIGURE 3. Cumulative Heating and Cooling Loads and Cumulative Energy
Consumption for Solar, ACES, Fossil, Fuel, and Resistance Electric Heating
Systems.

an ACES mode are presented. The following paragraphs briefly outline the
operating modes and results. Figure 4, the yearly storage tank temperature
distributions presents some of the numerical results of the study and is discussed
in detail in the Discussion.

Solar Operating Mode.—In the solar mode, two storage tanks with 49,500
Kg water capacity each are operated independently of each other. Tank 1 is heated
by the solar collector throughout most of the year and tank 2 is used for cooling.
During the heating season the house may either be heated by hot water if tank 1
temperature is above 35°C (95°F) or by the heat pumps if tank 1 temperature is
below 35°C. The storage tanks each have one heat pump; therefore, heat pump
operation removes energy from both tanks, but at different rates because heat
pump performance depends upon tank temperature. At the beginning of summer
(June 1) the collector is turned off allowing tank 1 to cool, and tank 2 is main-
tained at or below 12.8°C (55°F) by the heat pump for summer cooling. Near the
middle of August the solar collector is reactiviated to heat tank 1 in preparation
for winter.

ACES Operating Mode.—There are two variations of this mode which
assumes one storage tank of 99,000 Kg water capacity and no solar collectors.
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FIGURE 4. Ice Formation and Thermal Storage Temperature Distribution
Curves for Solar and ACES Systems.

The first melts ice made during the winter by circulating ambient air through heat
exchanger X, during the summer and fall. A second variation utilizes heat pumps
with an ice maker evaporator and an air evaporator. At environmental tem-
peratures above a given set point, say 4.4°C, the heat pumps use ambient air as
their low side heat source, and at temperatures below the set point the storage
water is used.

Figure 4 indicates that ACES ice formation peaks at 117,000 Kg which would
require about 46 percent more storage volume than initially specified if it is
assumed that 80 percent of the storage water is frozen. The second scheme
described above helps to ease the demand on storage by up to 50 percent depen-
ding upon the set point temperature chosen. Other alternatives to building very
large storage systems include inexpensive solar collectors and sewage waste heat
utilization.

The cumulative energy consumption for each of the systems analyzed is plot-
ted in Figure 3. It is evident that less energy was purchased for solar and ACES
operation than was needed to heat and cool the dwelling. This observation 1S
quantified by the coefficient of performance (COP), defined as the ratio of useful
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TABLE 1. Heating and Cooling Loads for the Larimore House as Calculated
py Computer Simulation, Degree-Hour, and Rule-of-Thumb Methods.

Heating Load Cooling Load
(GD) (G))
simulation Model 109 9
Degree-Hour Method 114 10
Rule-of- Thumb Method 68 16
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FIGURE 5. Cumulative Operating Costs for Solar, ACES, Fossil Fuel, and
Resistance Electric Heating Systems.

energy obtained to energy purchased. For the fossil fuel system, the COP becomes
less than unity and is termed efficiency.

Figure 5 shows the cumulative operating costs for resistance electric, fossil
fuel (average of local natural gas and fuel oil) ACES, and solar heating systems.
Electricity costs reflect the rate structure of a local utility with a 500 Kw-hr base
load. The operating cost advantage of solar and ACES heating systems over con-
ventional heating systems is obvious, but operating costs alone do not
economically justify one system over another. Capital Costs, equipment life, in-
flation and other factors must also be considered in an economic analysis. Using
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. . . . .\
the simulation program and the Larimore house heating system design as dyy,

bases, (Svard, 1977) has analyzed the economics of solar and ACES heating in
North Dakota.

DISCUSSION

It is sometimes desirable to estimate the primary resource energy cop-
sumption of a particular system in order to establish a common reference datum_
If electrical energy consumption is divided by the national average electricy]
generation efficiency of 30.8 percent (Reynolds, 1974: 15), the result is the fossj]
fuel consumption of the power plant. The resource energy consumption for ACES
and solar closely parallels the dwelling load (resource COP is near unity) while
electric resistance heat exceeds fossil fuel systems in resource energy con-
sumption.

In order to more effectively interpret the data presented in Figure 4. events
denoted by encircled numbers on the figure and the processes occurring between
events are described below.

Event 1: initial temperature of tank 1 in the solar operating mode. Process 1-
2: temperature increases because solar heat gain exceeds tank heat losses to earth
and dwelling.

Event 2: collector has been switched off by tank thermostat on the high tem-
perature setpoint. Process 2-3: temperature decreases because collector is off and
heat loss from tank to earth and dwelling remains.

Event 3: collector switched on by tank thermostat on the low temperature
setpoint. Process 3-4: temperature increases because solar heat gain exceeds tank
heat loss.

Event 4: solar heat gain becomes equal to tank heat loss. Process 4-
5: temperature decreases because of decreasing solar radiation and increasing
load on the tank from the dwelling heating requirements.

Event 5: switchover from direct hot water to heat pumps at 35°C tank tem-
perature. Process 5-6: curve flattens because heat pump removes less heat from
the tank than the heat exchanger. Temperature continues downward as solar
radiation and environmental temperature decrease.

Event 6: solar heat gain becomes equal to the tank heat load as solar radiation
and environmental temperature bottom out. Process 6-7: temperature increases
with increasing solar radiation and environmental temperature.

Event 7: switchover from heat pumps to direct heating with the heat ex-
changer. Process 7-8: solar heat gain exceeds heat load on tank.

Event 8: collector switched off by tank thermostat on high temperature set-
point and is left off for the summer. Process 8-9: temperature decreases because
collector is off and tank transfers heat to the earth and dwelling through its walls.

Event 9: collector is turned on to heat tank in preparation for winter. Process
9-10: temperature increases because solar heat gain exceeds tank heat loss.

Event 10: termination of the simulation run.

Event 11: initial temperature of tank 2 in the solar operating mode. Process
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11-12: temperature increases because heat gain from dwelling through the tank
walls exceeds heat loss to the earth.

Fvent 12: switchover from direct hot water heating by tank 1 exclusively to
peating from both tanks by the heat pumps. Process 12-13: heat pump
evaporator load on tank exceeds heat gain from earth and dwelling.

Event 13: temperature levels out and remains constant because of ice for-
mation. Process 13-14: temperature constant as ice is formed and melted.

Event 14: temperature begins to rise because ice has melted. Process 14-
159: temperature increases because heat pump is no longer operating and
dwelling begins to require cooling.

Event 15: heat pump begins operating to mechanically cool tank for summer
cooling. Process 15-16: temperature maintained at summer cooling setpoint.

Event 16: termination of the simulation run.

Event 17: initial tank temperature for ACES operating mode. Process 17-
18: temperature increasing because ambient heat gain via Xy exceeds tank heat
loss.

Event 18: ambient heat gain becomes equal to tank heat loss. Process 18-
19: temperature decreases as environmental heat load on dwelling causes in-
creased heat load on tank.

Event 19: temperature levels out because of ice formation. Process 19-
20: temperature remains constant as ice is formed and melted.

Event 20: Exchanger X, is allowed to begin melting ice using ambient air.
Process 20-21: temperature constant as ice is melted.

Event 21: temperature begins to rise when ice is gone. Process 21-
22: temperature increases because tank is being heated by ambient air. the ear-
th. and the dwelling.

Event 22: termination of the simulation run.

CONCLUSIONS AND RECOMMENDATIONS

A mathematical model of a solar assisted heat pump HVAC system has been
presented. The model is incorporated into a digital computer algorithm and the
ahility of the model to predict annual system performance is indicated. Although
not precise in an absolute sense, the model allows quantitative comparison of dif-
ferent design alternatives.

Further development of the simulation model should include refinement and
calibration of the mathematical models, and extension of program capability to ac-
commodate a variety of system configurations and operating schemes. Finally, the
computer program should be made user oriented to permit efficient use by ap-
plication oriented engineers.
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C. constant volume specific heat

dr._ differential rate of temperature change
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%%*' differential rate of heat transfer

Kr fraction of extraterrestrial radiation transmitted through the atmosphere
H long-term monthly average daily total radiation on a horizontal surface
m. mass of component i

n number of heat transfer terms

p number of differential equations

T, temperature of component i

Q.. heat transfer term k for component i

t time
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SELECTED PARAMETERS FROM A BASELINE
WATER QUALITY STUDY FOR A
PROPOSED COAL GASIFICATION PLANT SITE

Yung-Tse Hung, Guilford O. Fossum, and Earl S. Mason
Department of Civil Engineering

University of North Dakota, Grand Forks, North Dakota 58202
ABSTRACT

A water quality study was conducted from April to October 1975 in Dunn County, Non,
Dakota to provide baseline water quality information for a proposed coal gasification plant site. Sam.
pling stations consisted of ten surface water and six groundwater sampling stations. Watcr analys;g
included pH, specific conductance, alkalinity, turbidity, dissolved oxygen (DO), chemical oxygen
demand, biochemical oxygen demand, fotal suspended solids, total dissolved solids, total hardness.
Ca, Mg, Na, K, SO.. ClI, SiO,, NO,, PO,, coliforms, and others. Major water quality parameters
listed in the North Dakota Water Quality Standard were investigated for their seasonal and spatial
variabilities and their interrelationships.

Correlation analysis revealed that streamflow was negatively correlated to TDS and specific con-
ductance, and specific conductance was positively correlated to TDS, Na, and total hardness. High
concentration of TSS, low concentration of TDS, and high DO concentration were observed in river
waters during the spring runoff period. Lowest DO concentration occurred in July’s sampling run.
During the study groundwaters sampled from farm wells were found to contain high concentrations
of TDS. Water parameters exceeding North Dakota State surface water quality standards included
turbidity, TDS and fecal coliforms.

INTRODUCTION

At the present time there are proposals to construct coal gasification plants in
the western part of North Dakota to help solve the energy shortage problem in
this country. One of the main concerns shared by the residents in western North
Dakota is the possible water quality deterioration in the area due to the con-
struction and operation of coal gasification facilities. A water quality study was
conducted from April to October 1975 in Dunn County, North Dakota to
provide baseline water quality information for the proposed coal gasification plant
by the Natural Gas Pipeline Company of America. Future water quality measured
in the area could be compared to the baseline data to determine if there is any
degradation of either surface or groundwater quality. The complete report of
water quality study and surface water hydrology is available in the ‘‘Enrivon-
mental Assessment of a 250 MMSCFD Dry Ash Lurgi Coal Gasification Facility
in Dunn County, North Dakota,’’ Volume 3, ‘“Water Quality’’ (Fossum and
Hung, 1976) and Volume 4, ‘‘Surface Water Hydrology’’ (Mason, 1976). This
paper is limited to the study of selected water quality parameters, which are of im-
portance in the North Dakota Water Quality Standard (North Dakota State
Department of Health, 1973) for the proposed plant site.

MATERIALS AND METHODS

Sampling locations — Four important surface water systems in the develop-
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qent area include: (1) the Knife River, (2) the Spring Creek, (3) the Little
Missouri River, and (4) the Little Missouri Arm of Lake Sakakawea. The first two
gystems are recipients of possible pollutants from the coal conversion process. The
Jast twO Systems are possible sources of water supply for the gasification process
water. The proposed project area is largely in the drainage basin of Spring Creek
which is a tributary of the Knife River, with a portion within direct drainage of
the Knife River itself. The drainage areas are 2,507 and 600 square miles for the
Knife River and the Spring Creek, respectively.

The locations of groundwater and surface water sampling stations were
crefully selected after consultation with the U.S. Geological Survey and the N.D.
Geological Survey engineers. As depicted in Figure 1, a total of ten surface water
aampling stations including two stations on the Knife River, three stations on
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Figure 1. Sampling station locations: surface sites.
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Spring Creek and three stations on the Little Missouri River and Lakm
were selected as described below:

Station
Site No. 1

2

10

€a,

Description

USGS station on Knife River near Manning at bridge on Nog,
Dakota Highway #22 about %2 mile north of Manning.

Spring Creek near Werner. Old bridge on east-west county roaq
Y4 mile west of Werner, on section line between section 24 ang
25, T145N,R93W.

Spring Creek near Halliday. Bridge on north-south road about 13,
miles west and 2 mile north of Halliday by the Neil L. Ferebee
farm on section line between sections 22 and 23, T 145 N, R 92
w

USGS station on Knife River at Marshall. At bridge on North
Dakota highway #8.

Spring Creek near Lake Ilo spillway, at road culvert immediately
below the Lake Ilo spillway, S 27, T145N,R94 W.

Inflow from Murphy’s Slough to Lake Ilo. Temporary station sam-
pled only once due to impassable roads to permanent site #8.
USGS station on Little Missouri River near Watford City. At
bridge over Little Missouri River on U.S. highway #85, about
17%2 miles south of Watford City.

Ditch connecting marshland southeast of Lake Ilo to Lake Ilo at
culvert with gates on marshland side, S 33, T 145N, R 94 W.
Little Missouri arm of Lake Sakakawea near proposed intake site
approximately 100 feet from south shore opposite old American
Oil pipeline, NW V4, SE ¥4,S 29, T 147N, R93 W.

Little Missouri arm of Lake Sakakawea near alternate intake site
approximately %2 mile east of site #9.

Six sampling runs were conducted from April to October 1975 to collect
water samples from the surface water sampling sites. Groundwater samples were
collected at six wells, which were located in, or very near, the proposed mine area
and were farm wells currently in use. These wells were the sampling wells of Nor-
th Dakota Geological Survey for groundwater study in the project area. Well
locations are shown in Figure 2 with the following descriptions:

Station
Well No. 1

2

Description
Edwin Rhode farm well, brown water to house, ahead of
basement tank; 210 feet deep; S 23, T 144 N,R93 W.

Bernard Trampe farm well, tap on south side of house; 105 feet
deep; S34, T144N,R94W.
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3  G. E. Lynch farm, flowing stock well to stock tank; 1¢
deep; S21, T145N,R93 W.

4 lverson Brothers farm well, well with pump jack about 5¢ feet
west of house; 60 feet deep; S04, T 144N, R94W.

5  Rueben Mjolhus farm well at stock watering tank about 3( feet
southeast of barn; about 70 feet deep; S12, T 144N, R 94 w

6  G.E. Schmidt farm, subermersible pump well at northwest co.r~

ner of stock corral located northwest of buildings; 60 feet deep §
10,T144N,R94W.

0 feey

Well No. 3 is an artesian well while the other wells are gravity wells. There
were three sampling runs for well water sample collection from June to October
1975.

Procedures — In deep water, such as Lake Sakakawea, samples were collected
by means of a home-made integrating sampling device which permitted sample
collection from surface to bottom (Fossum and Hung, 1976). In shallow water,
such as Spring Creek, samples were collected by a series of dippings withoy
stirring up the stream bottoms. For well water sampling all wells except the ar-
tesian well were pumped by mechanical pumps for a duration of time long enough
to clear the stagnant water from the well pipings before well samples were collec-
ted. Since all wells were used daily for human and stock consumptions, the pum-
ping time required for these wells for draining the stagnant water is shorter than
that required for wells not used daily. Immediately after surface and groundwater
sample collection, some of the parameters such as pH, temperature and con-
ductance were determined at the site. Portions of samples used for alkalinity and
DO (dissolved oxygen) determinations received preliminary treatment to fix the
sample as described in the Standard Methods (APHA, 1971); they were then
transported back to the field water quality trailer for completion of titrations. Still
others were stabilized at once with preservatives as described in the EPA report
(USEPA, 1974) for transportation to either the University of North Dakota
laboratory or to the commercial laboratories for analysis. The commercial
laboratories were LFE Environmental Analysis Laboratories, Richmond, Califor-
nia, and Twin City Testing and Engineering Laboratory, St. Paul, Minnesota.
Water analysis included pH, conductance, alkalinity, turbidity, DO, COD,
(chemical oxygen demand), BOD (biochemical oxygen demand), TSS (total
suspended solids, TDS (total dissolved solids), TH (total hardness), calcium,
magnesium, sodium, potassium, sulfate, chloride, silicon dioxide, nitrate,
phosphate, coliforms, trace elements and radioactivity. Analytical procedures
were in accordance with Standard Methods.

Suspended sediment was also determined for surface water samples taken at
Werner and Halliday on Spring Creek, and at Manning and Marshall on the
Knife River. At low flows, a depth integrating hand-held sampler US DH-48 was
used (USGS 1970). For deeper flows and deep lake sampling, a cable and reel dep-
th integrating sampler, US DH-49 was used (USGS 1970). Since the streams
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ampled are relatively narrow, a single vertical sampling system was used (USGS
1970). During the period from April 29 to June 27 when daily values were being
raken, single bottle samples were used. During the latter part of the season from

une 28 to October 26 when stream flow changes were slight, weekly samples of
wwo bottles were taken. Correlations between daily values or between values of
two-bottle samples were good. In addition, a complete cross section of 10 bottles
(verticals) were run at the Knife River sites to check the distribution of sediment
concentration across the stream. Means from these cross sections were close to
values measured near the center of the cross section. Laboratory analysis of
suspended sediment was done with a vacuum filter (USGS 1969). Bottom samples
from Halliday reservoir were analyzed for size using sieve and hydrometer
methods (ASTM 1974). -

RESULTS AND DISCUSSION

Surface water quality data are summarized in Tables 1 through 6 for the six
sampling runs conducted from April to October 1975. High stream flow occurred
in the April sampling run while low stream flow occurred in the August sampling
run.
Spring Creek — The quality of Spring Creek water remained relatively con-
stant from Werner, Site No. 2, to Halliday, Site No. 3. Generally the con-
centrations of minerals at the beginning of Spring Creek below the Lake Ilo
spillway, Site No. 5, were considerably less than the corresponding values at Wer-
ner. The increase in mineral concentration might be from the runoff over the
drainage area. The pickup of minerals by Spring Creek is virtually completed by
the time flow reaches Wemer and water quality remains relatively constant
thereafter. Alkalinity, dissolved solids, sodium and sulfate all were well below the
concentrations shown in the Knife River about 15 miles to the south. TDS vs
sampling stations are depicted in Figure 3. Spring Creek is less affected by groun-
dwater than the other surface streams in the proposed mine area. Also, Spring
Creek did not show an increase in potassium with high flows such as the case with
the other surface streams. The surface water of the marshland to the southeast of
Lake Ilo, Site No. 8, is very similar to the beginning of Spring Creek, Site No. 5.
During late summer considerable algae growth takes place in the marshland and
TSS were increased. On the other hand, flow from Lake Ilo into Spring Creek at
this time was only by means of siphoning over the spillway or be seepage around
the dam and TSS in the Spring Creek were very low. Figure 4 shows TSS vs sam-
pling stations. DO vs sampling stations on Spring Creek is presented in Figure 5.
There was an increase in DO concentration from Lake Ilo spillway to Halliday for
all sampling runs from April to October 1975 except for July 1975 sampling run
where the DO remained constant from Lake Ilo spillway to Werner and decreased
to less than 5 mg/1 at Halliday. The lowest DO observed during the study was
0.9 mg/1 at Lake Ilo spillway in the October 1975 sampling run when there was
no flow over the spillway. During the study period, the COD content was from 16
to 103 mg/1 where the BOD content varied from 1.7 to 7.5 mg/1 in the Spring
Creek waters.
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TABLE 1 SURFACE WATER QUALITY -SPRING CREEK
AT LAKE ILO, SITE NO. 5

Sampling Date

Parameter® 4-26-75 5-27-75 7-8-75 8-5-75 9-16-75 10-7.75
flow (cfs) 480 17 6.5 — — —
temp (°C) 4 17 26 24 16 14
pH 78 76 8.4 8.1 73 75
conductance (umhos/cm) 800 450 610 740 827 916
Total alkalinity 280 148 184 231 265 297
turbidity (NTU) 64 130 33 22 27 13
DO 103 7.7 7.5 4.1 4.8 09
TSS 257 21 9 23 2 17
TDS 440 539 487 549 590 751
TH 128 94 114 144 212 276
Ca 29 29 38 45 66 110
Mg 14 5.3 4.4 78 11 78
Na 159 99 115 130 150 161
K 106 106 106 102 95 109
sulfate 115 50 163 250 105 230
Cl 23 0 0.3 5.5 4.5 0
silicon dioxide — 12 3 26 9 33
nitrate nitrogen — 027 027 004 O 0.03
organic nitrogen — 131 1.09 152 170 199
total phosphate — 033 012 017 022 030
COD 57 57 31 42 30 103
BOD — 4.6 1.7 3.4 56 >30
total coliform (per 100 ml) — 40 50 — <10 20
fecal coliform (per 100 ml) — 30 20 — <10 20

*Units are in mg/1, if not shown in table.

Knife River — There was considerable increase in the flow of the Knife River
between Manning, Site No. 1, and Marshall, Site No. 4, during the period from
April to October 1975. The average monthly flow during the period was 2,501
and 5,989 cfs at Manning and Marshall, respectively. Also there was generally an
increase in the mineral content of the Knife River between Manning and Marshall
during the higher flow period from May to July 1975 when the contribution of
minerals from surface runoff is significant. The mineral concentration changed
very little during the dry weather flow period from August to October 1975. TDS
concentration at sampling stations on the Knife River is shown in Figure 6. TDS
increased significantly between Manning and Marshall as the summer progressed
until they leveled off in the vicinity of 1400-1500 mg/l. In general, the Knife
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piver at both Manning and Marshall was moderately hard and quite high in
Jkalinity, TDS, sodium, and sulfate but low in chlorides. The values obtained at
Marshall for conductance and TDS during dry weather flow are quite similar but
Jightly lower than the same parameters for the farm wells in the proposed mine
urea. Figure 7 depicts TSS at different sampling stations on the Knife River. The
highest TSS concentration of 689 and 734 mg/l for Manning and Marshall,
respectively, was observed during the spring runoff period in April 1975. During
the dry weather flow period TSS concentration was low along the Knife River as
qream flow was maintained by groundwater discharges. The lowest TSS con-
centration was 2 and 24 mg/1 during the September 1975 sampling run at Man-
ning and Marshall respectively. DO content in the Knife River water during the
study period was from 5.5 to 9.9 mg/1. Generally, there was an increase in DO
content from Manning to Marshall, as shown in Figure 8, due to atmospheric

TABLE 2 SURFACE WATER QUALITY - SPRING CREEK
NEAR WERNER, SITE NO. 2

Sampling Date

Parameter 4-26-75 5-27-75 7-8-75 8-5-75 9-16-75 10-7-75
flow (cfs) 155 16 5.3 3.0 15 14
temp (°C) 6 17 25 23 17 14
pH 82 76 8.4 8.5 7.8 8.2
conductance (umhos/cm) 490 1150 1300 1580 1708 1617
total alkalinity 158 257 347 428 387 434
turbidity (NTU) 93 60 2 23 18 20
DO 98 7.7 7.2 6.9 8.9 9.8
TSS 155 88 49 42 1 3
DS 362 834 937 1231 1251 1283
TH 104 288 314 420 512 420
Ca 26 55 106 139 197 96
Mg 9.7 36 12 17 5 43
Na 87 197 208 265 258 265
K 9.2 100 10.6 10.4 11.6 9.8
sulfate 75 310 346 476 530 570
ol 08 18 1.5 33 3.0 5.0
silicon dioxide — 16 14 35 21 14
nitrate nitrogen — 031 003 O 0.01 0.01
organic nitrogen — 1.8 119 108 086 0.75
total phosphate — 0.13 005 0.17 021 0.10
COD 57 44 33 42 16 28
BOD — 29 3.8 6.7 2.4 2.5
total coliform (per 100 ml) — 80 140 — 500 80

fecal coliform (per 100 ml) — 80 30 — 50 60
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reaeration. COD values ranged from 21 to 74 mg/1 and from 12 to 68 mg/|
Manning and Marshall, respectively. BOD content was generally less thap ;
mg/] and ranged from 2.3 to 5.4 mg/1in the Knife River waters.

Correlations between water quality parameters were performed usip

regressional analysis. The resulting equations with correlation coefficients r are
listed below:

Spring Creek: Na=18.371 + 0.149 (sp.cond.), r = 0.982
SO, =103.636+ 0.372 (sp.cond.), r = 0.964
T.H.=54.745+0.313 (sp.cond.), r = 0.973
TDS = 24.174 + 0.769 (sp.cond.), r = 0.974

Knife River: Na = 13.206 + 0.199 (sp.cond.), r = 0.992

SO, =76.617 +0.321 (sp. cond.), r = 0.969
T.H.=45.627 =0.163 (sp.cond.), r = 0.871
TDS = 234.33 + 0.612 (sp.cond.), r = 0.972

" TABLE 3 SURFACE WATER QUALITY - SPRING CREEK
NEAR HALLIDAY, SITE NO. 3

Sampling Date

Parameter 4-26-75 5-27-75 7-8-75 8-5-75 9-16-75 10-7-75
flow (cfs) 365 242 15 19 50 48
temp (°C) 6 18 25 24 195 14
pH 82 8.0 7.7 8.5 83 8.4
conductance (umhos/cm) 375 1300 710 1530 1441 1617
total alkalinity 107 312 199 426 379 430
turbidity (NTU) 91 41 17 28 20 18
DO 95 90 4.8 7.6 9.7 104
TSS 171 69 106 84 11 71
TDS 281 987 452 1159 961 12006
TH 108 360 188 406 416 512
Ca 26 79 62 131 153 143
Mg 11 39 83 19 82 37
Na 58 211 95 255 211 262
K 82 96 106 9.9 9.7 108
sulfate 54 380 224 476 390 510
Cl 1.8 3.0 0 4.3 2.5 5.0
silicon dioxide — 16 15 35 17 12
nitrate nitrogen — 0.18 019 0 001 001
organic nitrogen — 072 135 113 084 067
total phosphate — 0.14 015 017 024 009
COD 56 46 41 30 7 25
BOD — 29 29 75 33 2]
total coliform (per 100 ml) — 150 1100 — 1000 700
fecal coliform (per 100 ml) — 100 1100 — 550 260
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Among the water quality parameters measured in the Spring Creek and Knife
River waters, sodium, sulfate, total hardness, total dissolved solids were found to
be closely correlated to specific conductance, while there was little correlation bet-
ween total dissolved solids and stream flow, and between specific conductance and
strearn flow.

TABLE 4 SURFACE WATER QUALITY - KNIFE RIVER
AT MANNING, SITE NO. 1

Sampling Date

Parameter 4-26-75 5-27-75 7-8-75 8-5-75 9-16-75 10-7-75
flow (cfs) 420 10 2.8 2.0 3.6 12.4
temp (°C) 7 14 23 19 175 12
pH 80 8.1 8.1 8.2 8.3 8.3
conductance (umhos/cm) 315 1625 1150 1785 2134 2075
total alkalinity 103 482 332 558 653 661
turbidity (NTU) 290 27 55 32 7 15
DO 93 86 5.5 6.3 8.7 73
TSS 689 88 95 52 2 37
TDS 649 1161 810 1349 1524 1581
TH 108 326 212 354 448 516
Ca 29 72 70 104 74 149
Mg 8.7 36 87 23 64 35
Na 55 307 194 335 400 415
K 128 88 9.8 9.2 9.0 106
sulfate 58 390 242 470 630 690
Cl 23 40 0 25 5.5 5.5
silicon dioxide — 16 14 32 9 5
nitrate nitrogen — 0 024 0 0 0
organic nitrogen — 034 109 118 090 097
total phosphate 0 006 010 014 019 0.13
COD 74 49 43 25 21 44
BOD — 4.0 2.3 5.0 2.7 33
total coliform (per 100 ml) — <1000 2000 — 600 400
fecal coliform (per 100 ml) — 2000 700 — 280 190

Little Missouri River and Lake Sakakawea — The average values of water
quality data of six sampling runs from April to October 1975 for the Little
Missouri River near Watford City, Site No. 7, and proposed intake and alternate
intatke on Lake Sakakawea, Sites No. 9 and 10, are listed in Table 6. Lake
Sakakawea waters were of better quality than that of the Little Missouri River. DO
of lake waters was above 9.0 mg/l compared to 8.5 mg/1 at Little Missouri River.
TSS of lake waters averaged 15 mg/l compared to 1030 mg/l at the Little
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TABLE 5 SURFACE WATER QUALITY - KNIFE RIVER

AT MARSHALL, SITE NO. 4

Sampling Date

Parameter 4-26-75 5-27-75 7-8-75 8-5-75 9-16-75 10-7.75
flow (cfs) 1000 61 27 13 34 79
temp (°C) 7 18 26 22 175 15
pH 79 83 8.3 8.6 8.3 85
conductance (umhos/cm) 340 2100 1930 1770 2001 1941
total alkalinity 109 522 501 525 603 606
turbidity (NTU) 275 32 24 35 24 25
DO 88 99 9.6 7.1 8.1 97
TSS 734 82 69 61 24 38
TDS 297 1539 1382 1326 1445 1482
TH 116 406 304 292 286 294
Ca 29 94 113 86 99 72
Mg 11 42 53 19 92 28
Na 56 386 347 365 392 395
K 126 108 119 106 91 108
sulfate 59 680 520 450 510 540
Cl 13 40 0.8 35 35 48
silicon dioxide — 16 14 35 10 14
nitrate nitrogen — 0 001 O 001 o0
organic nitrogen — 0.9 131 170 079 087
total phosphate — 008 004 011 008 008
COD 68 54 42 32 12 41
BOD — 5.4 4.2 3.0 3.0 29
total coliform (per 100 ml) — 30 500 — 20 70
fecal coliform (per 100 ml) — <10 650 — 50 30

Missouri. TDS of the Little Missouri was 2175 mg/1 which was three times that
of the lake waters. The Little Missouri River waters also had higher total hardness
than the lake waters. COD values for the Little Missouri and Lake Sakakawea
were 59 and 18 mg/1 respectively. BOD content for the Little Missouri water was
2.8 mg/1 compared to 0.85 mg/1 for lake waters. Most water quality parameters
in Lake Sakakawea met the recommended standard for public water supplies.
Parameters exceeding standards included TDS and sulfate. It should be noted that
in spite of relatively good water quality in Lake Sakakawea, each acre-foot of water
used in processing would transport approximately one ton of dissolved solids, in-
cluding one-half ton of sulfates, to the plant site. The fate of these dissolved solids
would warrant in-depth study.
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Figure 3. TDS vs. sampling stations - Spring Creek.



ANNUAL PROCEEDINGS 131
100
| 10-7-75
D
50 | _— T
/
o Pp— — — __ N -
J
100
T 9-16-75
50 |_ _
" R
0 N dy
100
I 8-5-75_ _
50 _— — i
I~ _ ____O,_’
0 § |
a 100 T ——Q
~ e
'Y —_—
£ s0 L o .
-
) — — 7-8-75
(& 0 ( — 1
100 B - oL
—_— - = — pE—
50 | - -
/ .-
5-27-75
i | ]
300
T 4-26-75
250 e .
~
200 | ~ ~ -
150 | \o__ —_— -
100 | i
50 | .
0 1
Lake Ilo Werner talliday

Figure 4. TSS vs

. sampling stations - Spring Creek.



132 NORTH DAKOTA ACADEMY OF SCIENCE

15 .

-
10-7-75

10 | /O — 9

o— A

15

9-16-75
10+ O — — — 0

8-5-75

(mg/1)
R I

D.O.

15

T
5-27-75
10
-
]

O
7T

15

10 ®

O

5+

0 1
Lake Ilo Werner Halliday

Figure 5. D.O. vs. sampling stations - Spring Creek.




ANNUAL PROCEEDINGS 133

2000

1500 —m—o —0nw —
- T —

1000 |

500
10-7-75

1500

1000

500
9-16-75

1500

1000

500
8-5-75

1500

1000 _

IDS (me/1)

500

1500 — 7]

1000

500 |

5-27-75

1500

4-26-75
1000

ol —_—
—_——

0 9

Manning Marshall

Figure 6. TDS vs. sampling stations - Knife River.



134

NORTH DAKOTA ACADEMY OF SCIENCE

100

50

100

50

100

50

100

50

TSS (mg/1)

100

50

800

600

400

200

9-16-75

5-27-75

4-26-75

Manning

Marshall

Figure 7. TSS vs. sampling stations - Knife River.



ANNUAL PROCEEDINGS 135

15
10-7-75
10 | —
s Oo—
0
15
9-16-75
10 |
O—
5 L
0 i
15
8-5-75
10 | ~
—)
; O— h
0
- 15
an 7-8-75
~ 10
-
S e —— —
2 so— — T .
0 N
15
5-27-75
10
= - - f)
O—
5 | -
0
15
4-26-75
10 -
O )
5 | -
0
Manning Marshall

Figure 8. D.O. vs. sampling stations - Knife River.



136 NORTH DAKOTA ACADEMY OF SCIENCE

T
Comparison to North Dakota Water Quality Standard — In “‘Standards
Surface Water Quality for State of North Dakota’’ (North Dakota State Depqyy.
ment of Health 1973) streams are classified as Class 1, 1-A, 2, and 3 with Clasg |
having the most restrictive standards and Class 3 the least restrictive. In g.
cordance with these classifications, Lake Sakakawea is in Class 1, Spring Creek jg
in Class 1-A, and the Little Missouri and Knife Rivers are both in Class 2. Bageq
on the average values of water quality data taken during the sampling period fropm,
April to October 1975, water quality parameters which exceeded State wate,
quality standards included turbidity, phosphate and fecal coliform for Spring
Creek waters; turbidity, TDS and fecal coliform for Knife River waters; turbidity
and TDS for Lake Sakakawea waters. Fecal coliforms could originate from either
human or animal source.

Selected Wells — Average values of water quality parameters based on three
sampling runs from June to October 1975 for six selected wells in the proposed
mine area are listed in Table 7. TDS were high for all welis, other major con-
stituents varied widely. The six wells varied in depth from 60 feet for Wells No. 4
and 6, to 210 feet for Well No. 1. All wells were currently being used for either
human or animal consumption. The highest nitrate value was found to be 10.5
mg/1 for Well No. 5 located near a barn and used for filling the stock watering
tank. Total hardness for Wells No. 1 to 3 was less than 100 mg/1 while for Wells
No. 4 to 6 it varied from 690 to 1112 mg/1. Sulfate was found to range from 138
to 918 mg/1 with an average of 573 mg/I which exceeded the 250 mg/1 recom-
mended for drinking water standards.

Sediment Transport — Sediment transport study was conducted for four sam-
pling stations on Spring Creek and Knife River from April to October 1975. Table
8 presents sediment transport data with equations relating sediment transport to
stream flow at different sampling stations. It was observed that sediment transport
was the highest during the high flow period in April 1975 while at the dry
weather flow period from June to October 1975 the sediment transport was
significantly less. On Spring Creek sediment production was 47 tons/square mile
at Werner and 48 tons/square mile at Halliday over the entire study period. The
net increase between the two stations amounted to 51 tons/square mile based on
drainage area of 195 and 271 square miles at Werner and Halliday, respectively.
The low rates were due in part to the large areas in the small watershed that do
not flow directly into the stream but end up flowing through Lake llo or one of the
many swampy areas and thus lose their sediment loads. On the Knife River
sediment production rates were higher, 208 tons/square mile at Manning and
137 tons/square mile at Marshall, with a net contribution of 109 tons/square
mile for the area between which was based on a drainage area of 205 and 722
square miles at Manning and Marshall, respectively.

CONCLUSIONS

Based on the water quality study conducted during the period from April to
October 1975, the following conclusions are presented.
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—
1. Spring Creek and Knife River waters had a lower TDS content during high
stream flow period and higher TDS content during dry weather flow period,
whereas TSS and DO content showed the opposite trend. Minimum DO in
stream waters occurred during low stream flow period in July and August 1975.

2. Correlation analysis revealed that stream flow was negatively correlated to
TDS and specific conductance, and specific conductance was positively correlated
to TDS, Na, and total hardness.

3. Based on the average values of water quality data from six sampling runs
conducted from April to October 1975 water quality parameters exceeding North
Dakota State Water Quality Standards included turbidity, phosphate, and fecal
coliform for Spring Creek waters; turbitidity, TDS, and fecal coliform for Knife
River waters ; turbidity and TDS for Little Missouri River waters; TDS for Lake
Sakakawea waters.

4. Six wells selected in the proposed development area were found to contain
high concentrations of TDS, which varied from 291 to 1221 mg/l with an
average of 627 mg/1 and contained high concentrations of sulfate, which ranged
from 138 to 918 mg/l with an average of 573 mg/l compared to 250 mg/1
recommended for drinking water standards.

5. The stream sediment production in the Knife River was significantly
higher than in Spring Creek. Observed values for Spring Creek were 47 and 48
tons/square mile at Werner and Halliday, respectively, while the corresponding
figures on the Knife River were 208 and 137 tons/square mile at Manning and
Marshall, respectively.

6. The baseline water quality data collected in the vicinity of the coal
gasification plant site during the study will serve as useful background information
to determine if there is any deterioration in water quality in the future resulting
from gasification plant operation. The methodology developed in the study will
help coal gasification companies in the preparation of their environmental impact
statement reports and in the selection of plant sites.
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REAP LAND COVER ANALYSIS OF NORTH DAKOTA
USING COMPUTER-PROCESSED LANDSAT IMAGERY

Jobn R. Reid and A. William Jobnson
North Dakota Regional Environmental Assessment Program
State Capitol
Bismarck, North Dakota 58505

ABSTRACT

One of the projects completed under the sponsorship of the North Dakota Regional En-
«ironmental Assessment Program (REAP) is a detailed land cover analysis of the entire State of Nor-
{h Dakota utilizing computerized interpretation of LANDSAT imagery, most of which was collected
in 1975. This is the first instance of a complete analysis by this method for an entire state. Nineteen
LANDSAT scenes were analyzed utilizing the Bendix Aerospace Systems Division multi-spectral
data analysis system (MDAS) together with ground truthing provided through a subcontract with
the Institute for Remote Sensing at the University of North Dakota (UNDIRS). The products of this
analysis include a geometrically corrected map for each of the 53 counties in the state (1:126,720 -
wo miles to the inch), a map of the entire state (1: 500,000 - approximately eight miles to the inch),
adigital tape file for 40-acre cells arranged by township, and area cover tabulations for the state, each
of the 53 counties, and the 2,055 townships. The 10 categories of land cover, represented by
separate colors on the maps are built-up land, cropland, fallow land, exposed subsoil or saline seep,
rangeland, mixed rangeland and pasture, forest, water, wetland, and barren land. The digital data
file records land cover data for each pixel (1.12 acres) selected from as many as 36 possible land cover
categories. The land cover data will be used in conjunction with other areal data in a computer-based
composite geodata analysis system being established by REAP.

INTRODUCTION

The North Dakota Regional Environmental Assessment Program (REAP)
was created by the 1975 North Dakota Legislative Assembly as a result of a
recognized need for a comprehensive and coordinated source of natural resource-
related information. The immediate impetus for such a program was current and
prospective large-scale coal development in southwestern North Dakota. House
Bill 1004 (Session Law, 1975) directed REAP to carry out studies and research
related to natural resources and to develop a comprehensive information and
analysis system for the storage, retrieval, and analysis of such information. Fur-
thermore, REAP was especially directed to develop the capability of forecasting
the impact of natural resource development alternatives which may be considered
by the state.

In order to meet its responsibilities, REAP has undertaken four specific
tasks: (1) the collection of existing baseline data, together with a major effort to
fill recognized data gaps; (2) the design, development, and installation of a com-
puter-based information system capable of storage, retrieval, representation, and
analysis of appropriate data; (3) development of a variety of capabilities, including
models, for assessing the impacts of proposed natural resource development; (4)
the establishment of a means for the regular monitoring and updating of data so
the information system will remain current and the analyses relevant.
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With the assistance of 11 technical task forces organized in the fall of 1975
REAP conducted an exhaustive study of the relevant data sources in universitje,
federal agencies, state agencies, and private industry. One of the final activities
the technical task forces was to identify all information necessary for the conducy
of overall environmental assessment, but which was as yet unavailable. Thrqy,
this effort, it was recognized that there was not comprehensive land cover jp,.
ventory for the state of North Dakota. Accordingly, REAP identified the cop,.
pletion of such an inventory as a major task requiring early attention (Regiong]
Environmental Assessment Program, 1975).

Several different technologies were considered for inventorying the land cover
of the entire state of North Dakota, approximately 180,000 sq. km. (70,665 5q.
mi.) in area. The technology chosen was imagery obtained from the LANDSAT
satellites launched by the National Aeronautics and Space Administration
(NASA) in July 1972 and January 1975. The advantages of LANDSAT imagery
include the fact that the entire state of North Dakota is covered every nine days,
and therefore repetitive comparative imagery is available. This technology
therefore provides a mechanism for conducting a baseline land cover analysis for
the state and for monitoring how that land cover changes over time. Since a near-
permanent platform for imaging is available at no cost to the state, it is more
economical to use such a system than to undertake complete aerial photographic
coverage of the state, and to propose frequent repetition of the coverage for
monitoring purposes. Another distinct advantage is the large areal coverage for
any given image which permits discerning gross land features often not per-
ceivable with aerial photography. LANDSAT imagery is particularly amenable to
computer analysis, whereas such techniques have not been well developed for
photographic imagery. A disadvantage of utilizing LANDSAT imagery is that a
high degree of detail, particularly in urban-type areas, is usually not available.
Thus, it is generally not feasible o attempt to obtain a full level II land cover
analysis utilizing LANDSAT imagery (Anderson, et al., 1976).

MATERIALS AND METHODS

Satellite characteristics.—Each LANDSAT satellite circles the Earth once
every 103 minutes at a height of 918 km. (570 mi.) in a path approximately 13
degrees off true north (DeNoyer, 1976). Because of this path each satellite makes
one pass per day over the state for six consecutive days, and passes over a given
point in North Dakota at the same local time every 18 days. With two satellitesin
orbit, a given point in North Dakota was viewed from space every nine days. (Asa
result of an orbit adjustment completed in January 1977, LANDSAT-I will now
follow LANDSAT-II by six days, and LANDSAT-II will follow 12 days later.)
Each pass over North Dakota is approximately 100 km. (60 mi.) farther west than
the previous pass 24 hours earlier. As the satellite passes over the state, light
reflected from the Earth’s surface is collected by the satellite’s multi-spectral scan-
ner. Reflected light is dispersed into four wave lengths on board the satellite. Two
of the bands are of visible light (0.5-0.6 micrometers, green; 0.6:07
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micrometers, red) and two are in the near infrared (0.7-0.8 micrometers, 0.8-1.1
micrometers). The combination of the four bands provides maximum dif-
ferentiation of individual land cover types; the green band, for example, is par-
ticularly sensitive to water. The smallest element of resolution, the ‘*pixel’’ (pic-
ture element) is 1.12 acres, and the spatial resolution is 80 meters. The satellite
registers data for a path 190 km. (115 mi.) wide as it passes over the state. Each
LANDSAT scene includes the pixels present in an area 190 km. on a side.
Nineteen scenes were required to cover all of North Dakota (Figure 1).
LANDSAT scene selection.—The LANDSAT scenes chosen for the REAP
Jand cover analysis were selected by REAP staff, Bendix personnel, and UNDIRS

~

~~ ~~_J

FIGURE 1. Coverage of LANDSAT Scenes Processed tor North Dakota Land
Cover Analysis. Each scene is individually labelled (e.g. 1A); a single path
includes at least three scenes (e.g. 1A, 1B, 1C). See Table 1.

personnel in a joint session at the EROS Data Center, Sioux Falls, South Dakota,
after examination of the library of scenes available. The major criteria utilized in
the scene selection were as follows:

1. The imagery had to be as recent as possible, preferably from 1975.

2. The imagery should have been collected during the major North Dakota
growing season (late June to late July).

3. The image had to be very high in quality.

4. The amount of cloud cover had to be less than 10 percent, and zero per-
cent if at all possible.

5. All four wavelengths had to be recorded.

6. The scene had to be as representative as possible, and therefore imagery of
the Red River Valley recorded in July 1975, during and shortly after the Red
River flood, had to be excluded if at all possible.

Atotal of 115 images acquired prior to 1976 was inspected. The final selection in-
duded data that had a seasonal range of 47 days (June 20 to August 6), a yearly
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range of four years (1973 to 1976), and only two small areas of Scm
cover in one scene totaling approximately 200 sq. km. A very small portion of ex
treme southwestern North Dakota was covered by a part of the 1973 scene, ang
the 1976 scenes were utilized only after NASA reported the 1972 scene
originally requested were of unsuitable quality and therefore not deliverable, Table
1 details the scenes chosen and Figure 1 illustrates the scene coverage of the State
of North Dakota.

The limitations imposed by the scene selection are twofold. First, the 1973
scene is considerably earlier than would have been desired, but it covers a very
small portion of the state. Second, because of persistent cloud cover in the Ramsey
County region, all imagery through 1975 was found unacceptable. Fortunately
imagery recorded on August 6, 1976, was of extremely high quality and was
therefore utilized for the entire path from Cavalier County to Emmons County,
However, because 1976 was a relatively dry year, considerable harvesting had
already occurred by that time, and satellite discrimination between stubble fields
and rangeland may be less than satisfactory.

TABLE 1. LANDSAT Scenes used in REAP Land Cover Analysis.

Scene Date Number
1A 06 Aug 1974 1744-16392
1B 06 Aug 1974 1744-16394
1C 10 Aug 1975 2200-16365
2A 15 July 1975 5087-16301
2B 15 July 1975
2C 15 July 1975 5087-16310
3A 06 Aug 1976 2562-16402
3B 06 Aug 1976 2562-16405
3C 06 Aug 1976 2562-16411
4A 22 July 1974 1729-16570
4B1 22 July 1974 1729-16573
4B2 20 June 1975 2149-16543
4C 26 July 1975 2185-16453
SA 27 July 1975 2186-16592
SB 27 July 1975 2186-16545
5C 27 July 1975 2186-17001
6A 10 July 1975 2169-17053
6B 24 July 1974 2169-17085
6C 23 June 1973 1335-17180
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Ground truth.—The land cover analysis depended upon relating information
on the actual ground cover in a number of given locations throughout the state of
North Dakota to the reflectance properties exhibited by the same piece of land as
recorded by the satellite multi-spectral scanner. Such information is called
«“ground truth information.”” This information was acquired under contract by
the staff of the Institute of Remote Sensing at the University of North Dakota

DIRS), Dr. Roland D. Mower, principal investigator. Known key areas on
the ground, at least 10 acres in size, were selected from throughout the state as
peing representative of specific categories of land cover, such as fallow land. These
key areas, known as ‘‘training sets,”” were visually inspected by the ground truth
team, and 302 such sets were utilized in conjunction with the 19 LANDSAT
scenes (Table 2). The UNDIRS team collected information on 500 training sets
using on-site observations in the summer of 1976, 470 35mm slides from aerial
and ground surveys made in 1975 and 1976, 212 orthophoto and photoquad
maps of the western half of the state prepared from aerial photography conducted
in August 1974 and 1975, and had available a wide variety of other aerial
photography and map information. With the ground truth information thus
available, the ground truth team and Bendix personnel jointly participated in
categorizing the LANDSAT data, a process of ‘training’’ the MDAS computer
to recognize areas having the same or similar reflectance properties.

One of the problems associated with the ground truth process is that the on-
site information was obtained during visits to the training sets in 1976, whereas
the satellite imagery was obtained over the period from 1973 to 1976. Ac-
cordingly, it was necessary to relate current land cover information obtained by
visual inspection to what the land cover actually was at the time of the satellite
overflight.

Preliminary copies of the land cover maps of three western counties, Dunn,
Stark, and Hettinger, were subjected to independent ground truth checking in the
field by three REAP teams in September 1976. It was concluded that the general
categorization results were excellent, but a number of problems were identified
and subsequently addressed by the categorization team at Bendix.

Categorization.—Computer processing of the LANDSAT data from computer
tapes as received from the EROS Data Center was performed by the Bendix
Aerospace Systems Division using a Bendix datagrid digitizer system and the Ben-
dix multi-spectral data analysis system (MDAS) (Rogers, et al., 1975). The
process involved identifying an area on a computer display terminal which coin-
cided with the exact shape and location of a given training set. The computer was
then coded to identify all areas in that particular scene with a similar reflectance.
Finally, a color was assigned to indicate all such areas. In a follow-up process,
color-coded areas of a particular category were checked against the available
ground truth information to ensure that the computer search for similar cover was
complete. This process was repeated for each of the land cover categories. The
final result was a categorized’’ tape.

The MDAS system is capable of reacting to various spectral ranges of reflec-
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ity for categorization. With a very narrow range there will be a residue of un-
categOfiZEd areas in which the reflectance signature does not precisely meet those
glected for any of the land cover categories. On the other hand, a wider range
results ina diminished amount of uncategorized areas, but leads to the probability
of miscategorized areas. For the REAP land cover analysis program the MDAS
system was operated to permit no more than two percent uncategorized cover.

As a result of categorization of the 19 LANDSAT scenes, as few as 12 and as
many as 36 different categories were determined. For example, in two different
scenes up to 14 different categories of water were identified; as many as nine dif-
ferent categories of cropland were detected but there were only three different
wetland categories. All categories identified through this process have been
retained on the categorized tapes. However, for purposes of displaying the results
of this land cover analysis on colored maps, an extensive merging of categories
was undertaken.

Ten different land cover categories were selected for display on maps and a
color was assigned for each category (Table 3). The colors assigned for a given
land cover were chosen after a consideration of the following criteria: user
preferences, the desire to permit a ready association of color to actual land cover
color, standard colors for specific features (uswally as adopted by national

TABLE 3. REAP Land Cover Categories and Colors.

Category Color

Built Up Land Magenta
Agricultural Land

Cropland Green

Fallow Land Brown

Exposed Subsoil Grey
Rangeland

Rangeland Yellow

Pasture, Mixed Agriculture Orange
Forest Red
Water Dark Blue
Wetland Light Blue
Barren Land White

Uncategorized Black
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organizations), the desire to more clearly distinguish certain categories, ang
tempt to present the most attractive possible combinations.

The 10 categories selected for map display include all seven applicable Level |
categories suggested by the U.S. Geological Survey (Anderson, et al., 1976), ang
five Level II and Level III sub-categories. Modifications were made in the U’SGS_
recommended colors for Level I in order to be able to portray all 10 REg AP
categories.

Geometric correction.—As satellite imagery is obtained from the EROS Dy,
Center, the only undistorted portion of each scene is the center of the scene
Imagery closer to the edge of the scene is subject to increasingly greater mm
distortion. Correction of this distortion is accomplished by selecting a large nyg,.
ber of ground control points (GCP’s from topographic maps and merging such jp.
formation with that displayed on MDAS from the LANDSAT scenes. The
precise coordinates (latitude and longitude) of each GCP were tied to each featyre
on the MDAS display terminal, and a computer correction program brought the
LANDSAT imagery into conformity with the GCP information.

The most reliable GCP’s are those which combine small size with high detec-
tability, and these include such features as sharp bends in rivers, points of lang
jutting into a water body, unusually shaped inlets, and the intersections of major
railroads and/or highways. The data source for such geographic information nor-
mally is USGS topographic maps, but the process was complicated by the fact that
such coverage of the state of North Dakota is incomplete. Nonetheless, a ran-
domly selected sample of 417 of the 1,250 available 7%2-minute (1:24,000)
USGS topographic maps was obtained. Of these, 139 yielded a total of 508 usable
GCP’s, for an average of 1 GCP for every 360 sq. km.

In order to assure that each of the approximately 40,000,000 pixels
categorized was properly registered to a given section and township in the state,
arrangements were made with the Computer Research Corporation of Arvada,
Colorado, to digitize a large-scale map of the state of North Dakota, recording the
precise latitude and longitude of every section and township corner within the
state. The resulting registration tape was read against the categorized tape in order
to identify those pixels which lay within the bounds of each section and township.

an at.

RESULTS

North Dakota is the first state for which detailed land cover analysis has been
completed utilizing computer processing of digital LANDSAT imagery.
Preliminary reports of some of this work have been presented by McKeon et d/.,
and by Mower and Heinrich. The results of this land cover analysis have been in-
corporated in several different products which will be available for public purchase
and technical use. Each of these products will be described in some detail below.

The first product of the land cover analysis is a color-coded map for each of the
53 North Dakota counties at a scale of 1:126,720 (exactly two miles to the inch).
On each map, a color is used to designate each of the 10 different land cover
categories as indicated in Table 3. Each county map contains information on the
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e, the color legend, the name of the county, a small map of the state with the
county darkened, and an outline of the county containing the date(s) of the LAN-
pSAT imagery used for the analysis. To produce these maps Bendix developed a
rechnique to create a high quality color negative merging the land cover and the
pase map data. The land cover data was produced by the computer processing
discussed above, and the map was a ‘‘scrubbed’’ version of the detailed county
highway maps. These scrubbed versions, which were purchased from TPI, Inc. of
ismarck, contained only section, township, and county boundaries, and town
names and locations. Preparation of the scrubbed versions of the highway maps
involved removing all of the irrelevant information normally appearing on such
maps, including water bodies, transportation networks, topographic features, etc.
The land cover data map was first registered to the detailed county highway map,
and then registered to the scrubbed version of the county highway map. A black
and white reduced version of a typical county land cover map is shown in Figure

The second product of this analysis is an area tabulation for each township,
county, and the state. For each of these geographic units, a table was prepared in-
dicating the acreage covered by each of the 10 land cover analysis categories. The
area tabulations were prepared by reading a digital tape file and summing the land
cover to the appropriate geographic area. The area tabulation for the entire state is
shown in Table 4.

The third product of the land cover analysis is a map of the entire state of
North Dakota at a 1: 500,000 scale (approximately eight miles to the inch) which
contains the land cover illustrated by the appropriate color, the same as used on
the county maps, and the county boundaries. The state map is a photomosaic of
the 53 county maps. Accompanying each state map which is distributed will be a
tabulation of the area of each land cover category for the entire state.

The final product of the land cover analysis is a digital tape file of land cover
data prepared in a specified cell format. The objective of this effort was to prepare
land cover information aggregated to 40-acre cells. The approach taken was to
identify cells, starting at the southeast corner of each section, which are exactly
one-fourth of a mile on each edge. Each such cell is typically referred to as a quar-
ter-quarter section. Thus, all pixels with center points lying within the given
quarter-quarter section were tabulated and grouped by land cover category. The
total number of pixels counted for each cell is typically 34-36.

In the preparation of the digital tape file, it could not be assumed that every
section was exactly one mile square nor that each township was precisely six miles
square. Of the 2,055 townships in the state, 57 are irregular. Thus, as described
earlier in this article, REAP obtained a digital file of the state of North Dakota
containing 124,866 latitude and longitude points which describe the precise
boundaries of both regular and irregular townships and sections. From this tape,
quarter-quarter sections were identified starting at the southeast corner of each
section. By this process, any irregularly shaped quarter-quarter section appeared
on the westernmost and northernmost border of each section. The digitized
registration tape was read against the land cover categorized tape in order to iden-
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TABLE 4. North Dakota Land Cover by Category.

— Percent
Land Cover Category Acres of Total
guilt-Up Land 19,777 0.04
Cropland 15,956,690 35.24
Fallow Land 6,189,168 13.67
Exposed Subsoil or
siline Seep 100,952 0.22
Rangeland 11,889,387 26.26
Mixed Range, Agriculture,
and Pasture 7,630,329 16.85
Forest 386,823 0.85
Water 1,265,812 2.80
Wetland 780,284 1.72
Barren Land 975,863 2.16
Uncategorized 80,787 0.18
TOTAL 45,275,872 99.99

tify those pixels which fell in each quarter-quarter section. On the digital tape, up
to 36 individual land cover categories were recorded for each quarter-quarter sec-
tion in the state. A header record on the tape provides the township and range
number, the LANDSAT scene code, an identification number, and the date of
acquisition of the information. This information is grouped into townships and
stored on standard-length 800 BPI tape, and will be utilized in the REAP com-
puter system for subsequent analysis and for comparison with other
geographically referenced information.

DISCUSSION

This land cover analysis project represents the first time a computerized
analysis of LANDSAT imagery has been conducted for an entire state. The fact
that this analysis involved 19 different LANDSAT scenes introduced a number of
unique problems and difficulties which have not appeared when such analyses
have been limited to one scene, or when interpretation of LANDSAT imagery
has been conducted manually. Further, it should be recognized that computer
analysis of LANDSAT imagery is still a relatively new technique. Thus, while
this particular analysis has provided significant information for use in the total
REAP system, and has provided an unique analysis of the land cover of the state
of North Dakota, it is recognized that there is considerable opportunity for im-
provement and further analysis of the results of this project. In this section a num-
ircof the problems identified in the course of this analysis will be presented and

iscussed.
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. . \

There are a number of variables which are uncontrollable and yet have
significant affect on the consistency of the imagery used in the analysis. The
that scenes covered a range of years from 1973 through 1976 led ¢ auclt
consistencies. There was considerable difference in the degree of ‘‘wetness’ 0}
those years, with the early part of 1975 being especially wet, and 1976 being on
of the driest years in history in the state of North Dakota. This problem i:
especially apparent in comparing the analysis of Kidder County with that o
Burleigh County adjacent to it. The Burleigh County imagery was recordeq in
1975 and the water bodies are relatively full. However, the 1976 imagery shows ,
considerable amount of barren land that is dried up lake and slough areas. Long
Lake, in the southern part of both counties, therefore, appears rather full of
water in Burleigh County, but appears almost dry in Kidder County. Th;g
problem is understandable when the difference follows county lines, but in the
case of McKenzie County, the demarcation between the two scenes splits the
county on a northeast to southwest line, and is not aesthetically pleasing.

The range in days of scene coverage, from June 20th to August 6th, alsg
created special problems because the vegetative cover significantly changes
throughout that period. A particular problem was noted with scenes 3A, 3B, and
3C, recorded on August 6, 1976. That year was an especially dry year, and har-
vesting of small grains commenced earlier than usual. Accordingly, at the time of
the overflight, much of the cropland was already in the form of stubble fields, the
reflectance of which is readily confused with rangeland. Therefore, it is apparent
that in the acreage tabulations for areas covered by scenes 3A, 3B, and 3C
cropland is underrepresented, while rangeland probably is exaggerated. Fur-
thermore, the acreage of wetland probably is considerably understated.

Another limitation is forced by the fact that the minimum period for entire
satellite coverage of the state of North Dakota involves one pass per day for six
consecutive days, each pass being 100 km. (60 mi.) farther west than the previous
pass. It is possible for the moisture conditions of the soil to change from day to
day, for example from isolated rains, and therefore provide different reflectance for
a similar area from one day to the next. Further, it is almost impossible to find a
period of six consecutive days in which the atmospheric conditions are ideal for
obtaining top quality imagery.

An important limitation in such an analysis is the amount of information
available from other sources on the actual ground cover (i.e. ground truth). The
extent of ground truth probably is the key limiting factor for even more detail and
accuracy in the categorization. The ground truth information for this project was
acquired in 1976, whereas the imagery utilized was from 1973 through 1976.
Thus, a number of assumptions were made about what the ground cover actually
was for up to three years earlier. In most instances this was not difficult when one
understands that North Dakota farming practices usually involve rotating
cropland with fallow land.

Another problem is the ‘‘averaging’’ of reflectance. For example, whereas
cropland, rangeland, and forest cover each has its own unique reflectance, it ap-
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s that where there is some forest cover on rangeland the reflectance appears
the same as cropland. This problem was detected particularly along the borders of
Lake Sakakawea and in the Killdeer Mountain areas. Both of these areas show too

ge an amount of cropland, contrary to that determined from on-site inspection.
Wooded draws in rangeland areas of western North Dakota also gave a reflectance
characteristic of cropland. A similar problem appears along the border of strip-
farmed fields, in western North Dakota particularly. Strip farming typically in-
volves alternating rows of cropland and fallow land. The imagery identified the
cropland and the fallow land, but very often perceived rangeland between the two.
This is probably due to the pixels recorded along the edge between crop and fallow
showing an average reflectivity which happens to be characteristic of rangeland.

It must be kept in mind that the resolution of the satellite is approximately 80
meters. Therefore, many features, such as some highways, railroads, narrow
reservoirs, narrow shelterbelts, and narrow wooded draws normally were beyond
detection. With the resolution on subsequent LANDSAT satellites to be reduced
to approximately 30 meters, the detection of some of these features should be
much better. The limited resolution of LANDSAT I and II resulted in poor detec-
tion of wooded draws in western North Dakota and shelterbelts in eastern North
Dakota. However, in Burleigh and Oliver counties a much larger proportion of
forested area was discerned compared to that detected in the remainder of the
state. The reason for this is not clear.

There was also considerable difficulty in obtaining a representative and con-
sistent signature for built-up areas (i.e., cities) in the state. Contrary to the per-
spective we obtain on the ground, indicating that cities are little more than con-
crete, rooftops, and buildings, from a remote sensor high above, cities appear as a
mixture of concrete, asphalt, and rooftops, together with lawns and trees. In some
areas where new development was occuring, such as around Dickinson and
Bismarck, the area under development appears to be barren land (where the top-
soil has been removed) or fallow land (where only the vegetation has been
removed). In most cities, however, the typical reflectance is the same as for a mix-
ture of cropland, rangeland, and forest land.

The search for an unique signature for built-up land in western North Dakota
led to a serendipitous discovery. The reflected signature for downtown Minot, a
rather concentrated built-up area, was found to be the same as for numerous areas
appearing in the center of fallow fields, particularly in Stark and Hettinger coun-
ties. Subsequent field studies revealed that these were areas where the topsoil had
been removed by wind and water erosion, exposing the subsoil. Other areas were
sites of saline seepage. It was decided to retain this identification of saline seeps and
exposed subsoil because of the potential analytical value of such information. This
particular problem revealed one of the unique capabilities of LANDSAT analysis,
but also clearly indicates the limitations of such analysis for urban-related studies.
It would appear that land cover analyses of urban areas should be reserved to
much lower altitude or higher resolution imagery.
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SUMMARY -

The first complete land cover analysis of the state of North Dakota h,
conducted utilizing computerized analysis of LANDSAT imagery. The p
of the analysis are color-coded maps of each of the 53 counties in the state anq
state map. Tables of area coverage of each land cover category are also availap N
The digital information for each pixel in the state is recorded on computer tape f:r'

subsequent utilization in the REAP computer system.

This analysis has revealed a number of unique capabilities of the LANDS AT
imagery process, but has also revealed a number of problems in analyzing s,
large areas, those utilizing more than a single LANDSAT scene. The products of
this analysis are already being used in corridor analysis for transmission lines
resource analysis, water management problems, non-point source pollution
studies, and regional environmental analysis. The results provide an essential dat,
base for the REAP system and will serve as the basis for monitoring changes in
land cover in the state of North Dakota.

as beep
roducts
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(PALEOCENE-EOCENE), NORTH DAKOTA
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ABSTRACT

Mineralogic. stratigraphic and paleoclimatologic evidence indicates that the kaolinite rich zone
of the lower member (Bear Den) of the Golden Valley Formation may have an authigenic origin and
is part of a paleosol. X-ray diffraction data show that kaolinite increases in crystallinity toward the top
of the kaolinite-rich zone as expected in a soil. Scanning electron microscopy confirms the presence
of kaolinite crystals but has not yet provided evidence regarding their origin. The suggested paleoso)
sequence consists of an upper carbonaceous silty or clayey zone with organic content decreasing
downward and underlain by a massive. kaolinite-rich zone containing numerous ferruginous con
cretions. The lowermost unit of the Bear Den Member consists of unweathered sandstones, i)y
stones and interbedded clays. The known paleoclimatology at the time of formation would have
allowed kaolinite formation in the lowlands of the late Paleocene-early Eocene Great Plains. The
kaolinite formation may be correlated with late Cretaceous-early Cenozoic tectonic stability and the
development of an extensive erosion surface as presently recognized in the south-central Rocky
Mountains. ’

INTRODUCTION

Recent work by Hickey (1977) summarizes the stratigraphy and paleobotany
of the Golden Valley Formation (Paleocene-Eocene) in western North Dakota.
About 887 km? of the Golden Valley is exposed in a total outcrop area of about
33,200 km?. The lower member (Bear Den) typically ranges from about 6 to 11
m in thickness and consists of kaolinitic, sandy, silty and clayey beds containing
limonitic spherules and thin carbonaceous beds. A light colored, kaolinite-rich
unit 4-5 m thick is an easily identifiable, laterally consistent unit in the middle of
the member. Kaolinite is also present in adjacent silty and sandy units. Freas
(1962) and Hickey (1977) have summarized work on the mineralogy and
petrography of the Bear Den. In this paper, a preliminary statement in summary
form is given of stratigraphic and paleoclimatologic evidence which we believe in-
dicates that the kaolinite may have an authigenic origin and that the Bear Denisa
paleosol.

GENERAL GEOLOGIC RELATIONSHIPS

The Bear Den Member conformably overlies olive drab or brown sediments of
the upper part (Sentinel Butte) of the Fort Union Formation ; the contact is at the
base of either the lowest light gray or purplish silt bed or light gray clayey sands
(Freas, 1962). The contact with the upper member (Camels Butte) is placed above
a carbonaceous zone which is normally capped by the Alamo Bluff lignite or
Taylor bed (Hickey, in press). The Bear Den is recognized by its gray to whitish
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cay color with characteristic orange staining. Hickey (1977) divided the Bear
Den into three zones: a lower gray zone averaging about 2 m in thickness and
consisting of kaolinite-bearing siltstone, sandstone and mudstone; a distinctive
orange zone about 4-5 m thick consisting of kaolinite-rich silty clay or siltstone
with common limonite spherules; and an upper carbonaceous zone about 1 m
thick consisting of dark gray kaolinitic shale, mudstone, siltstone and lignite.

Hickey (1977) described a megaflora of 41 species in the Bear Den Member
which closely resembles the late Paleocene portion of the Fort Union flora.
Lowland forest vegetation is characteristic of the lower zones with swamp and
aquatic vegetation more abundant and better distributed upward through the car-
ponaceous zone. Hickey (1977) concluded that the Bear Den is Late Paleocene in
age and that fossil plant, vertebrate, and invertebrate evidence indicates a warm,
remperate climate with an estimated mean annual temperature of 15°C changing
10 a subtropical climate with a mean annual temperature of 18.5°C during
deposition of the Camels Butte Member in the Early Eocene. On the basis of
sedimentary characteristics, Hickey also concluded that the Bear Den was
deposited in a fluvial environment rather than a lacustrine environment as
suggested most recently by Freas (1962).

The authors have examined the Golden Valley in the field observing textural,
structural and compositional characteristics to verify our use of the data presented
by Freas (1962) and Hickey (1977). We have also examined Golden Valley sam-
ples in the laboratory utilizing polarized light microscopy, x-ray diffraction and
scanning electron microscopy to verify our use of analytical data by Freas (1962)
and also to test our hypothesis of the paleosol origin of the Golden Valley.

FORMATION OF KAOLINITE

General conditions facilitiating the formation of kaolinite are summarized by
DeSegonzac (1970) and included: (1) hot, humid climate; (2) relatively stable
land surface ; (3) presence of unweathered silicates and/or clay minerals; (4) low
pH: and (5) a leaching environment.

Specific modes of accumulation of kaolinite include: (1) formation in a soil
profile (DeSegonzac, 1970); (2) formation beneath acid bogs or peaty soils
(Herath, 1963); (3) diagenetic transformation of clayey sediment by acid groun-
dwater (DeSegonzac, 1970); and (4) reworking, transportation and redeposition
of previously formed kaolinite (DeSegonzac, 1970).

EVIDENCE THAT THE BEAR DEN IS A PALEOSOL

~ Asaresult of study of the literature and an initial field and laboratory study we
interpret the Bear Den Member of the Golden Valley Formation to be a kaolinitic
soil developed on Late Paleocene, Sentinel Butte sediments in a low, swampy area
under subtropical climatic conditions during an Early Eocene period of tectonic
quicscence in the Rocky Mountain area of western North America as evidenced
by recent studies in the southern Rockies (Epis and Chapin, 1975).
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In initial testing of our interpretation we have examined the Bear De
field in the area south of Dickinson, North Dakota where we have measure g
tions and sampled the member. Our laboratory work has included x-ray diﬁfacti(;c'
examination of samples primarily from a location 3 mi. south of Goldep, Valle,n
Mercer Co. N.D., Sec. 2, NW V4, NE ¥4, R. 90 W., T. 43 N. The results agree
with those of others (Freas, 1962, Hickey, 1977) regarding general mineraloee,
of the unit and particularly clay mineral variation as noted below. Scanning elec)»
tron micrographs confirm the presence of kaolinite. Thin section study shows
evidence of partial kaolinitization as noted below.

The following are suggested as major lines of evidence for our interpretatjoy,
and as subjects for future detailed study. (1) The tripartite division of the Bear Den
into an upper carbonaceous, kaolinitic zone, a middle orange kaolinitic zone, anq
a lower gray, kaolinitic, silty and sandy zone is compatible with a soil profile
developed on a Sentinel Butte fluvial sequence. (2) The abundance of kaolinite i
creases upward in the member as montmorillonite and illite decrease (Freas
1962). We have confirmed this observation with our own x-ray diffraction work
and have also noted that the crystallinity of kaolinite, as evidenced by peak height
to width ratios, increases upward. The underlying Sentinel Butte and overlying
Camels Butte member are montmorillonitic and illitic. (3) Abundant kaolinite
and limonite spherules in the orange zone suggest acid, oxidizing conditions
which may account for all or most of the mineralogical differences between the
orange zone and lithologically similar Sentinel Butte units. (4) Our thin section
study shows that kaolinitization of detrital feldspar, mica and other grains appears
to be incomplete and is restricted to the margins of some grains, many of which
are angular. Kaolinitization of clay matrix appears to be spatially related to
limonite-stained fractures. (5) The Alamo Bluff lignite and the correlative
silicified Taylor Bed mark the top of the Bear Den and are the key to recon-
structing the geologic and geochemical conditions of formation of the kaolinitic
paleosol. (6) Separating the deposition of the Bear Den sediments and the
kaolinitization facilitates interpretation of the environment of deposition and the
source of the kaolinite, montmorillonite and illite in the Bear Den and associated
sediments. (7; Climatic and tectonic conditions in western North America in-
dicate the more or less coincident culmination of a warming trend and a change in
tectonics producing an Early Eocene lowland in western North Dakota which
received little sediment for a relatively long period of time.

1 in the
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ABSTRACT

Preliminary reconnaissance existing graded strip-mine spoils in western North Dakota indicates
that various engineering problems exist within these materials. These include differential subsidence
of the surface of the spoil, slope instability, and piping failures. Major variations in texture, com
position, and packing, within the spoil, appear to be the primary factors which control spoil stability
These are, in turn, directly related to the original nature of the stripped materials, the methods of
stripping, transportation, and emplacement, and the time of year during which these operations oc-
cur. Localized movement of groundwater through recontoured spoils is very common in some set
tings. Permeability of the graded spoils and therefore the rates and directions of groundwater
movement are, in part, determined by the method of emplacement and the physical characteristics of
the sediments. In addition. the time of year during which emplacement occurs can have a very strong
influence on the permeability characteristics of the spoils. Recontouring during the winter months
often results in the concentration and burial of large frozen blocks of spoil within the regarded
materials. Initially the zones of blocky materials are characterized by a high percentage of void space
and corresponding high permeability. Areas of spoil underlain by blocky zones are often highly
susceptible to settling. Fractures, resulting from settling, allow surface water to migrate down
through the spoils. If sufficient water is available, piping and associated collapse features will result.

INTRODUCTION

The proposed increased development of lignite resources in western North
Dakota will lead to large tracts of land, as much as several tens of square milesina
single location, being strip mined and subsequently reclaimed. One of the prin-
cipal concerns associated with large-scale strip mining in western North Dakota is
the return of the mined area to an acceptable level of agricultural productivity.
The stated reclamation goal for the state 1s a return to a level of productivity equal
to or greater than that which existed prior to mining. To achieve this goal ex-
tensive research has been undertaken to determine the optimum methods of
reclamation. The emphasis of most reclamation research, as well as reclamation
laws, has been focused almost entirely on that portion of the landscape included
within the soil zone. Subsequent agricultural use of a major percentage of the
reclaimed areas requires that the replaced material not only maintain a given level
of productivity, but also maintain a stable configuration. )

Preliminary reconnaissance of existing graded spoils indicates that various
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engineering problems exist within these areas. These include differential sub-
gdence of the surface of the spoil, slope instability, and piping failures. For
reclamation to be truly meaningful, an entirely new equilibrium landscape must
pe designed. The landscape includes not only the soils on the surface of the distur-
hed area, but also the sediments beneath the surface. A complete inventory of this
pody of materials, including an understanding of the equilibrium of the pre-
mining landscape is essential to proper reclamation design. The concept of land-
scape design reclamation has been discussed in more detail by Moran and others

(1975)-

MATERIALS AND METHODS
Existing Contoured Site

Preliminary observation of graded spoils began in November, 1974, as part of
aproject designed to determine the hydraulic characteristics of spoils. The initial
area of study involved a 16 hectare site at the Indian Head Mine near Zap, North
Dakota. The study site had been contoured in the fall and winter of 1973. Final
contouring was completed in the spring of 1974. It was not possible to observe
contouring activities at this site. However, it is known that all contouring was
done with bulldozers.

Observation of Stripping and Contouring Procedures

It was assumed that surface instability was dependent upon the subsurface
characteristics of the materials. In order to gain a better understanding of the fac-
tors that determine the internal character of spoils, stripping and contouring
procedures at the Indian Head Mine were monitored in detail. Detailed ob-
servations of dragline stripping methods and their relationship to spoil charac-
teristics were made. The relationships of thickness of overburden, curvature of
cut, and original nature of the overburden to morphology of spoil piles and
segregation of materials within the spoils were noted. In this way we have been
able to identify a number of potentially significant variables related to stripping
procedures.

A second 16 hectare study site, adjacent to the first, was monitored during
the contouring phase. Contouring of the rugged spoils was initiated in September,
1975. Contouring continued through the winter and was completed in the sum-
mer of 1976.

The first part of the study involved detailed topographic and materials map-
ping of the area. Distribution of spoil, character of spgjl, position of highwalls and
cuts. description of undisturbed materials in highwalls, description of interfaces
between spoils and undisturbed materials, and locations of ponds and flooded pits
were noted in the initial survey.

The second part involved field observation and mapping of contouring
procedures. Variations resulting from seasonal effects were noted as were
variations in the type of equipment used. After contouring was completed a
second topographic survey of the area was made. The site is presently being
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monitored periodically. All instability phenomena are being noted and o,
to the baseline data for the area. In this way it is possible to correlate
phenomena with variations in the character of the spoil and congq
procedures.

pared
these
Uring

RESULTS AND DISCUSSION

The first indications of differential movement in the spoils at the existing cop-
toured site became evident in the late fall of 1974. Severe subsidence was obseryeg
on a 1 hectare test plot designed to monitor surface water runoff. In one instance
340 cubic metres of material were required to bring the plot back to original slopé
and gradient. Although the test plot required several surface repairs, similar plots
on either side of the one in question showed very little subsidence, indicating the
localized nature of the phenomenon.

Figure 1 shows a similar situation at the same site. The photograph shows twg
of the piezometers which were installed to monitor subsurface water movement.
The piezometer in the foreground is 10 cm in diameter, the small piezometer s
2.5 cm in diameter. Both are constructed of plastic pipe. The bottom of the larger
pipe is approximately 20 metres below the surface in the basal portion of the
spoils. The bottom of the smaller pipe is approximately 35 metres below the sur-
face in unmined bedrock below the spoils.

Both installations were periodically monitored during the winter of 1974-
1975. In May, 1975, the cement seal around the larger pipe, originally designed
to keep surface water from flowing down the annulus, was observed to be about
0.3 metre above ground surface (figure 1). In addition, the smaller pipe was
noticeably rotated from its former vertical position (slightly evident in the photo)
and was obstructed at about eight metres below land surface. The toe of a slump
block was noted about 20 metres down slope from this site. The piezometers in
figure 1 are located on the highest position in the study site area. Subsequently,
two other piezometers located elsewhere in the study area (both 2.5 cm in
diameter) have broken in the subsurface. These are also located in topographically
high positions.

The breakage of the piezometers is apparently the result of shearing related to
slumping and associated rotational movements in the spoils. In all three cases, the
bottom of the pipe is in unmined bedrock below the spoil. In the case of the larger
pipe in figure 1, the slumping did not shear the pipe, but resulted in lowering of
the ground surface around the pipe. The increased strength of the larger pipe may
have prevented its destruction. Also, the fact that this pipe is totally within the
poorly consolidated spoils may have allowed the pipe to move, at least to some ex-
tent, with the spoil materials thus reducing some of the shear stresses.

Surface collapse structures are the other type of instability feature commonly
found in the study area. These structures ranged in size from small openings a few
centimetres in diameter to much larger features several metres in diameter. These
features initially occurred as a very small crack or opening at the surface of the
spoils. With time and precipitation the opening gradually became larger (figures 2
and 3). In one case a tractor being used to seed the spoils fell into a collapse struc-
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st-contouring observation of the second study site are preliminary in nature.
’This site will be monitored periodically for another two years. Monitoring of strip-
ping and contouring operations has enabled us to relate the concentration of
plocky materials to a group of mining, material, and reclamation variables.
Significant variables include (1) the original nature of the overburden, (2)
methods of stripping and resulting spoil morphology, (3) time of year during
which stripping and contouring occurs, and (4) method of emplacement of the

materials during contouring operations.

Original Nature of the Overburden

The bedrock at the study site is interbedded sand, silt, clay,.-and lignite of the
sentinel Butte Formation. The Sentinel Butte Formation was deposited in an
alluvial floodplain environment (Cherven, 1973; Johnson, 1973). The over-
purden in the area of the two study sites is predominantly fine-grained silt and
clay. typical of natural levee and flood basin settings. Observation of mining
techniques at the Indian Head Mine and elsewhere indicate that fine-grained
materials of this type have a greater tendency to remain in large blocks than do
sandyv materials.

Methods of Stripping and Resulting Spoil Morphology

Variations in the methods of stripping by dragline can result in considerable
variability in spoil pile morphology. Observation of stripping techniques indicate
that blocky materials tend to concentrate in the basal portion of the spoils as well
as in the lows between spoil ridges (Winczewski, 1977). These concentrations
result from the tendency of large, rounded blocks to roll to the bottom
of the spoil bank slope. Concentration of blocky materials between ridges can
result in linear areas within the spoils which are potentially susceptible to dif-
ferential subsidence. The more rugged the topography of the original spoils, the
greater the possibility for concentration of blocky materials. The contouring phase
of the operation can potentially add to the problem by placing additional blocky
matcrials, if available, between the spoil ridges.

Time of Year During Which Stripping and Contouring Occurs

Observation at the study site indicates that the time of year during which the
contouring occurs plays a very significant role in determining subsurface spoil
characteristics. If contouring occurs during the winter months frozen blocks of
spoil concentrate between ridges. This phenomenon has also been noted by
Omodt and others (1975).

Figure 4 shows the area between two spoil ridges. The ridge on the left was
contoured in the summer while the ridge on the right was contoured in the win-
ter. Monitoring of the area immediately overlying the frozen materials shown in
figure 4 indicates that significant differential subsidence is occurring. The large
blocks in the photograph are over 1.5 metres in diameter. The materials con-
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sdence features are evident throughout the area contoured with a bulldozer.
However, compaction by the scraper will affect essentially only the spoil materials
pandicd by the scraper. If large blocks of material resulting from the stripping
operation lie below the compacted zone then the area may still be highly suscep-
tible to subsidence.

Regardless of the initial reason for the blocky materials, it seems likely that
with time the voids between the blocks will begin to fill and settling will occur.
Fractures, resulting from the settling, allow surface water to migrate down
through the spoils. If sufficient water is available, piping and associated collapse or
slumping will result. It is hoped that as research continues, we will find ways to
avoid these problems and thereby come closer to a truly well designed reclamation

landscape.
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A COMPARATIVE STUDY OF THE NUCLEI
AND MEMBRANE SYSTEMS OF THE BLASTODERM
EMBRYOS OF INSECTS WITH SCANNING
ELECTRON MICROSCOPY

S. G. Sears
Metabolism and Radiation Research Laboratory
Agricultural Research Service
U.S. Department of Agriculture
Fargo, North Dakota 58102

ABSTRACT

A scanning electron microscopy study was done to examine the cytological features of early
blastoderm membrane systems in two species of insects. Oncopeltus fasciatus (Dallas) and Pec-
tinophora gossypiella (Saunders). Fertilized eggs were fixed in glutaraldehyde saturated heptane
and/or 4% glutaraldehyde and then postfixed in 1% osmium tetroxide. Two tissue fracture methods
were used: (1) a modified ethanol cryofracture (CF), and (2) a room temperature ethanol fracture
(RF). The CF method produced fractures through nuclei. whole cells. and certain other embryonic
structures: the RF method produced cleavage around cells and yolk granules, giving a three-
dimensional view of the cell surfaces. Fractured nuclei containing chromosomes were secn. as were
whole cells with small finger-like cytoplasmic projections that connected the cells to cach other and
to the yolk-rich interior of the embryo. Both species of insect embryos studied were similar in general
appearance; however, differences were noted in the size and type of surface structures of cvtoplasmic
projections, etc. Smaller cellular structures such as ribosomes. centrioles. etc., were not identified in
these preparations.

INTRODUCTION

To date, the majority of investigations in the field of insect embryology have
dealt with the events occurring after blastoderm formation. In these studies,
researchers have utilized light and transmission electron microscopes (TEM) to
elucidate the structure and functions of the embryo and to identify the cells,
nuclei, chromosomes, yolk granules, and membrane systems existing in the em-
bryo at certain stages of development (Counce and Waddington, 1972, pp. 166-
242). However, recent studies of early embryology in Oncopeltus fasciatus
(Dallas) (Gassner and Sears, 1976, pp. 39-51) and Pectinophora gossypiella
(Saunders) (Berg, 1976, pp. 85-87) have demonstrated that some of the more
conventional ideas about nuclear division are not valid until some time during or
after the blastoderm. In fact, transmission electron micrographs indicate that in
the preblastoderm embryo, the directional flow of the nucleoplasm and the
nuclear envelope appear to play a role in chromosome separation and that nuclear
divisions occur in the absence of spindle-fiber apparatus.

The present scanning electron microscopy (SEM) study was undertaken to ob-
serve membrane systems in the early insect blastoderm embryo, particularly the
cellular and nuclear membranes, and to help visualize the three-dimensional
structure of objects previously observed only by TEM.
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MATERIALS AND METHODS

Fertilized eggs from the large milkweek bug, Oncopeltus fasciatus, and the
pink bollworm, Pectinophora gossypiella, were collected within %2 hr after
o\1posmon and allowed to mature to the early blastoderm stage of development
(6-8 hr for the bollworm and 18 hr for the milkweed bug). The eggs were then
dechorionated in diluted chlorine bleach solution (Gassner and Sears, 1976, p.
40) and washed with a .1 M phosphate buffer, pH 7.3. The eggs were then treated
in either of two ways: (1) emersion in a glutaraldehyde saturated heptane
solution (Limbourg and Zalokar, 1973, p. 383) for 1 min. followed by fixation
overnight in 0.05 M phosphate buffered 4% glutaraldehyde; or (2) fixation over-
night in 0.05 M phosphate buffered 4% glutaraldehyde containing 2% acrolein.
The eggs were postfixed overnight in 0.05 M phosphate buffered 1% osmium
tetroxide, washed well with distilled water, and dehydrated in a graded series of
ethanols. The tissue was then either cryofractured in solid ethanol with a razor
blade (Humphreys, Spurlock, and Johnson, 1975, p. 120) or fractured in ethanol
at room temperature (Turner and Mahowald, 1976, p. 96) with a fine needle. All
fractured eggs were then dehydrated in 100% ethanol and were critical-point
dried by using carbon dioxide as transition fluid (Flechon et a/., 1975, p. 326).
Finally, the dried embryos were mounted on stubs with silver adhesive paint and
gold coated before they were viewed in a JEOL JSM-35 scanning electron
microscope operated at 10-40 kV.

RESULTS

The blastoderm embryos of pink bollworms and milkweed bugs viewed with
the SEM were similar in general appearance (Figures 1 and 2). Both had an outer
membranous covering, the chorion, and an inner vitelline membrane between the
chorion and the embryo itself. In both species the vitelline membrane was strongly
attached to the layer of dividing embryonic cells that surrounded the yolk-rich in-
terior.

The two techniques used to fracture the embryos, cryofracture and room tem-
perature fracture, together yielded a more complete picture of the embryo than
either method yielded alone. The cryofracture method (Figure 2) showed planar
fractures through the cytoplasm with a number of protruding yolk granules,
which gave a ‘‘peanut brittle’’ appearance to the fracture surface. The vitelline
membrane appeared to have a flakey texture. The internal structure of cells,
nuclei, and numerousyolk granules was revealed by cleaving. The cleaved nuclei
(Figures 3 and 4) showed a nuclear membrane and masses of chromatin located
centrally or peripherally in the nucleus. The cleaved yolk granules revealed
several different internal morphologies. Undigested granules were of a homogen-
eous nature and were probably bounded by a membrane (Figure 5). The
filamentous remnants of yolk (Figure 6) that were sometimes attached to the
surrounding tissue.

The room temperature fractured embryos yielded a three-dimensional picture
that showed fractures around cells and yolk granules instead of through them
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(Figure 7). Thus, when a whole embryo was viewed (Figure 8), the individual
cells of the blastoderm layer were seen in their spatial relationship to each other
and to the yolk-filled interior. This particular bollworm embryo was one cell layer
thick, with the cell layer and the yolk area separated by a membrane. Finger-like
Projections (microvilli) (Figure 9) were seen connecting the cells to the mem-
pranous covering of the yolk interior. Other microvilli connected the cells (Figure
10) to each other and possibly connected the cells to the vitelline membrane,
which had been removed from this embryo. In the milkweed bug embryo (Figure
11). the blastoderm cells appeared similar in shape to those of the bollworm.
However, the milkweek bug embryo was not az developed as the bollworm em-
brvo, and the cells were still rounded. Also, fewer microvilli were present over
the cell surfaces (Figure 12), and the individual cells had a more wrinkled ap-
pearance. There was also a venous network that ran along the side of the cells and
appeared to connect the cells, and this differed from the finger-like connections
petween bollworm cells. Small protruberances were also observed in the cell mem-
pranes of the milkweed bug embryos, and numerous small spheres, possibly
mitochondria, were seen attached to the cells. A large, oblong yolk granule cap-
ped by a multi-branched membranous structure appeared near the cell layer
(Figure 13) in another milkweek bug preparation. The nature of this membrane
“‘cap’’ is open to conjecture.

A comparison was also made between the average cell size and the largest yolk
granule size for the pink bollworm and milkweed bug (this study) and for
Drosophila  (Turner and Mahowald, 1976, p. 99). Sizes were as
follows: Drosophila yolk size, 5.3 um; bollworm yolk size, 6um; milkweed bug
yolk size, 6.4um; Drosophila cell size, 12.6 um; bollworm cell size, 14.5 um;:
milkweed bug cell size, 13.5 um.

DISCUSSION

In any SEM study there is a question of how well the fixed tissue actually
represents living tissue. In the present study, several methods of tissue fixation
and fracture were used with varying results. The fixation procedure, including
dechorionation, emersion in heptane to permeabilize the vitelline membrane, and
fixation in glutaralde or glutaraldehyde/acrolein, sometimes damaged the eggs.
The bleach also stripped away cytoplasm as well as chorion, and the heptane ren-
dered the eggs extremely sensitive to changes in osmotic pressures. There ap-
peared to be little difference in fixation quality with or without heptane in the eggs
observed; however, the heptane emersion has been used with good success in the
fixation of Drosophila embryos (Limbourg and Zalokar, 1973, p. 383).

The cryofracture method yielded mainly two-dimensional views of embryonic
cells, some appearing quite like TEM pictures. The room temperature fractures
gave three-dimensional data on whole cells, microvilli, and cellular protruberan-
ces.

The presence of microvilli has been noted in vertebrate preimplantation em-
bryos (Flechon et al., 1976, p. 249; Calarco, 1975, p. 312) as well as in in-
vertebrate blastoderm embryos (Turner and Mahowald, 1976, p. 99). However,
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BLOOD ALCOHOL CONCENTRATIONS IN DRIVERS
APPREHENDED FOR DRIVING WHILE UNDER
THE INFLUENCE OF INTOXICATING LIQUOR

IN NORTH DAKOTA, 1972-1976

N. G. S. Rao and Alphonse Poklis
Office of the State Toxicologist
State University Station
Fargo, North Dakota 58102

ABSTRACT

The distribution of blood alcohol concentrations (BAC) from drivers apprehended in North
Dakota during the past five years for the violation of ‘‘Driving While Under the Influence of In-
toxicating Liquor’’ is presented. BAC’s were determined by gas chromatographic analysis of blood
samples and by analysis of alveolar air samples by the ‘‘Breathalyzer®’". From 1972 through 1976,
21,090 blood alcohol determinations were concluded in North Dakota. The statutory restriction for
operating a motor vehicle in North Dakota is a BAC of 0.10% or greater. The average BAC of the
apprehended drivers was substantially higher than the legal limit, being 0.18% for breath test and
0.22% for blood test. Fewer than one per cent of the samples analyzed had a BAC below 0.05%,
while more than thirty-five percent were in excess of 0.20%.

INTRODUCTION

Ninety-five million Americans engage in social drinking and 9-10 million
Americans are chronic alcoholics. Both social drinkers and alcoholics have ad-
verse effects on society. Chief among these is the loss of life, limb and property due
to the operation of a motor vehicle while under the influence of alcohol (ethanol,
ethyl alcohol).

In 1959, the North Dakota legislature, to ensure the public safety, enacted
chemical test and implied consent laws. The law states ‘*. . . No person shall drive
or be in actual physical control of any vehicle upon a highway in this state if he is
under the influence of intoxicating liquor . . .”> (NDCC-39-08-01, 1959). Ac-
cording to state law ‘* ‘Intoxicating liquor’ shall mean and include any beverage
containing alcohol . . .”> (NDCC-39-01-01, 1959). The law further states, **. . .
any person who operates a motor vehicle upon the public highways of this state
will be deemed to have given consent—to chemical test, or tests, of his blood,
breath, saliva or urine for the purpose of determining the alcohol content of his
blood. . .>’, (NDCC-39-20-01, 1959). Numerous studies (American Medical
Association, 1968), have established the relationship between the concentration
of alcohol in a person’s blood and his physiological status, Table 1. Using such
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sudies as a basis, the law states that a person having a blood alcohol con-
centration (BAC) of less than 0.05% (w/v) is presumed not to be under the in-
fluence of intoxicating liquor. A person having a BAC of more than 0.05% and
Jess than 0.10% could be intoxicated, but the BAC value shall not be given as

rma facie evidence of intoxication. A person having a BAC of 0.10%, or
greater, shall be presumed to be under the influence of intoxicating liquor, (ND-
(CC-39-20-07, 1959). To obtain a BAC of 0.10%, a 150 Ib man would have to
drink approximately five to seven ounces of 80 proof whiskey.

The type of specimen collected for analysis is determined by the arresting of-
ficer. Almost all specimens analyzed in North Dakota are either blood or breath.
Blood samples from apprehended drivers are drawn at local hospitals or clinics and
then submitted to the Office of the State Toxicologist for analysis. Breath samples
are analyzed at various law enforcement centers throughout the state by
“‘chemical test operators’’ who are trained and certified by the State Toxicologist.
A commercially available instrument, the Breathalyzer® (Smith & Wesson Elec-
tronics, Springfield, Mass.), is used to determine the BAC by the analysis of
breath.

This communication presents the blood alcohol concentrations of persons
charged in North Dakota with driving while under the influence of intoxicating
liquor (DWI) over the five-year period of 1972 to 1976.

MATERIALS AND METHODS

Analysis of Blood Samples: The blood alcohol concentrations were deter-
mined by gas chromatography. The procedure for each sample involved the
analysis of the blood sample, a distilled water blank and a standard solution of
0.150% (w/v) ethanol. Two 1.0-ml of aliquots of the sample were diluted with
3.0 ml of an internal standard of 0.120% (w/v) #-propanol in distilled water. The
blank and standard solution were diluted in the same manner. Three 1-ul in-
jections of the prepared solutions were chromatographed on a Hewlett-Packard
Model 5711 a gas chromatograph containing a 1/8”’ id x 6’ stainless steel column
filled with 50-80 mesh Porapak Q and equipped with a flae ionization detector.
The temperatures of the column, injection port and detector were 180°C, 250°C
and 250°C, respectively. The flow rates of the air, hydrogen and nitrogen gas
were set at 220, 40 and 30 ml/min., respectively. The concentration of the alcohol was
determined by comparing peak height ratios of ethanol to that of 7z-propanol. A
response factor of the standard was calculated as the ratio of the ethanol to 7-
propanol peak heights divided by the concentration of the ethanol. The response
factor was linear throughout the range of 0.01 to 0.70% (w/v) ethanol.

Analysis of Breath Samples: Analysis of breath alcohol in order to determine
the BAC depends upon the fundamental principles that the distribution of alcohol
between circulating pulmonary blood and alveolar air occurs by simple diffusion
and, like that of other volatile substances, obeys Henry’s Law. Henry’s Law
states ‘“The mass of a gas dissolved by a given volume of solvent, at constant tem-
perature, is proportional to the pressure of gas with which it is equilibrium.’” This
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. . . \
means the concentration of alcohol in alveolar air at body temperature is direcy)
proportional to the concentration of alcohol in pulmonary blood. The mean Valui
of the Ostwald partition ratio of the BAC to the alveolar air concentration at the
average temperature of exhaled air, 34°C, is 2,100to 1.

Breath analysis in North Dakota is performed on the Breathalyzer®. The in-
strument in the **Take’” position traps a known volume of the gaseous sampje
submitted for analysis. In the ‘‘Analyze’’ position the trapped gas passes through
a 3-ml solution of 0.025% potassium dichromate and 0.025% silver nitrate in
50% sulfuric acid. The oxidation of alcohol by the reagent causes a color change
in the solution. The resulting color change is photometrically determined and the
BAC is read directly from the instrument. The approved procedure includes i
sequence, the testing of, a room air sample, the subject’s breath and a vapor of 3
standard solution which simulates an equivalent of 0.11% BAC. A complete
analysis requires approximately 20 min.

RESULTS AND DISCUSSION

The number of blood and breath tests conducted on drivers in North Dakota
charged for ‘‘driving while under the influence of intoxicating liquor’’ (DWI), for
each year from 1972 to 1976, are presented in Table 2. A total of 21,090 cases
occurred over the five-year period of the study. Approximately 75% of the tests
performed each year were on breath samples. A slight increase in the number of
blood analyses occurred in a six-month period from late 1974 to early 1975, due
to rulings of the North Dakota Supreme Court in State vs Ghylin (1974), State vs
Fuchs (1974) and State vs Salhus (1974). Breath analysis is generally preferred by
law enforcement officials, as the results are readily available and the procedure
precludes problems of sample handling, preservation and transportation.

The distribution of the blood alcohol concentrations (BAC) in blood and
breath tests for each of the years from 1972 to 1976 are presented in Table 3 and
4, respectively. More than 92% of the blood tests and 94% of the breath tests
gave a BAC in excess of the 0.10% presumptive level for DWI. Approximately
58% of the blood tests gave a BAC in excess of 0.20%. The largest group in the

TABLE 2. Blood and breath tests conducted for violation of driving while
under the influence of intoxicating liquor (DWI)

Type of Test Year

1972 1973 1974 1975 1976
Breath Tests 2336 2637 3262 3136 4096
Blood Tests 732 796 1219 1611 1265

Total 3068 3433 4481 4747 5361
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TABLE 3. Distribution of the blood alcohol concentration (BAC) in blood tests

BAC Range

Per cent (wt./vol.)

0.00 -
-0.09

0.05

0.10 -
-0.19

0.15

0.20 -
-0.29

0.25

0.30 -
0.35 -

Number of DWI* Cases

0.04
0.14
0.24

0.34
0.39

0.40 +

Blood Tests

1972 1973 1974 1975
30 31 48 67
22 33 68 61
80 82 122 205

158 159 256 387
216 256 352 431
142 147 225 288
64 61 102 125
19 23 31 32

1 4 25 15
732 796 1219 1611

1976
50
149
316

355
208

25
11

1265

*DWI, Driving While Under The Influence of Intoxicating Liquor.

TABLE 4. Distribution of the blood alcohol concentration (BAC) in breath

tests

BAC Range

Number of DWI* Cases

Per cent (wt./vol.)
0.00 -

0.05
0.15
0.25
0.35

0.04

-0.09
0.10 -

0.14

-0.19
0.20 -

0.24

-0.29
0.30 -

0.34

-0.39

040 +

Total Breath Tests

1972 1973 1974 1975
27 24 39 33
116 116 181 146
489 550 745 769
833 911 1125 1127
619 721 811 721
196 231 297 246
50 67 56 64

3 13 6 7

3 4 2 3
2336 2637 3262 3116

1976

63
185
973

1437
1027

4096

*DWI, Driving While Under The Influence of Intoxicating Liquor.



184 NORTH DAKOTA ACADEMY OF SCIENCE

blood tests, 29% were in the BAC range of 0.20-0.24%. Persons with a BAG ..
this range may exhibit muscular incoordination, mental confusion and diSOrieIT
tation. They are undoubtedly a hazzard operating a motor vehicle. The larges;
group in the breath test, 35% were in the BAC range of 0.15-0.19%. While 109,
of the blood tests gave a BAC of 0.30% or greater, only 2.4% of the breath, tes‘;
gave BAC’s in this range. This is due to several factors; the Breathalyze,
procedure gives a result approximately 10% lower than the actual BAC, and
breath samples are difficult to collect from persons who are periodically vomitiy
or losing consciousness. The latter are common symptoms of alcoholic ip.
toxication at BAC’s above 0.30%.

Eight per cent of the blood tests and 6% of the breath tests gave a BAC of Jegs
than 0.10%. Many of the drivers charged with DWI at these lower BAC’s were
under the influence of drugs, alone or in a combination with alcohol. Finkle et 5],
(1968) surveyed 3,409 DWI cases in Santa Clara County, California, and foungd
21% of the drivers had taken other drugs.

Carlson et al. (1971) in a road-side survey, found that 4% of all automobile
drivers have a BAC in excess of 0.10%. However, Beitel et al. (1975) have
estimated the probability of arrest for DWI at a BAC of 0.10% is only 1 in 200.
Borkenstein et al. (1969) have established that the relative probability of causing
an accident increases to seven times that of non-drinking drivers at a BAC of
0.10%. The probability increases to twenty-five times at a BAC of 0.15%. In the
North Dakota survey presented here, 55% of all DWI cases involved a BAC in
excess of 0.15%.

Contrary to the popular complaint, persons apprehended for DWI have not in-
bibed only ‘a drink or two’’. The mean BAC of persons charged with DWI in
this survey was 0.22%. A man weighing 150 Ibs would have to consume a
minimum of eight to nine drinks of 100 proof whiskey to obtain a BAC of 0.22%.
Over the five years of this survey, there has been a 75% increase in number of
DWI cases, but the distribution of the BAC in those arrested has remained con-
stant. The increased efforts of law enforcement agencies to apprehend ‘drunk
drivers’’ has not resulted in the harassment of the driving public. These efforts are
a necessary attempt to make the highways of North Dakota a safe place to drive.
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PLASMALEMMAL MICROAPPENDAGES: FINE
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ABSTRACT

Surface contours of mesodermal cells of early chick embryos and leukocytes of canine lepto-
meningeal sheaths were examined by scanning and transmission electron micrscopy. Normally
these cells possess plasmalemmal microappendages (microvilli. blebs, and ruffles) in variable degrees.
Microvilli are cell surface extensions of variable lengths and uniform diameter (0.1 um). In contrast:
blebs display bulbous configurations of inconsistent diameter and size. Ridge-like ruffles are primarily
found near the cell margins. When endodermal cells are exposed to variations in extracellular pHor
cytochalasin B, the appearance and distribution of the microappendages are altered. Similar results
are obtained when subarachnoid leukocytes are challenged by the foreign protein. bacillus Calmete

Guerin (BCG). Microappendages thus appear to reflect changes within the extracellular environmen
and degrees of leukocyte activation in response to antigen.

INTRODUCTION

Lewis and Gey (1923) were the first to describe elaborate folding of the
plasmalemma. They termed these folds ruffles. Ruffles are most commonly ob-
served on cells active in phagocytosis and locomotion. They are often referred to
as pseudopodia or lamellipodia because of their appearance at the leading edge of
moving cells (Abercrombie, et al., 1970). Ruffles are one of the three major forms
of cell surface extensions and along with microvilli and blebs are collectively ter-
med microappendages.

Microvilli and blebs are often difficult to observe by common light microscopic
techniques because of their small size. However, with the use of good phase op-
tics, Gey (1954) was able to demonstrate surface extensions beautifully. He refers
to them as ‘ ‘microfibrils’” on both normal and cancer cells. Previous to this work,
Costero and Pomerat (1951) also observed bleb formation and retraction on
cultured nerve cells. They called this phenomena zeiosis. Gey (1954) notes the
tendency of microvilli to grow in a crystalline fashion from the cell surface, then
stiffen and either pivot about their point of attachment or deliquesce into the sur-
face. This process is relatively rapid and it demonstrates the dynamic nature of
these structures.

The development of the scanning electron microscope (by McMullan, 1953
and further improved by Oatley, 1966) opened a new dimension of cell surface
study. The scanning electron microscope (SEM) has the capability to produce 2
three dimensional effect because of its great depth of field and high resolution. It
has both low and high power capabilities (20X - 100,000X). Use of the SEM has
greatly enhanced the study of microappendages.
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Microvilli.—Microvilli are accepted to be small surface extensions of about
0.1 um diameter and can be of variable lengths. Microvilli are well known on
various absorptive surfaces such as the small intestine and proximal convoluted
rubules of the nephron. Although less commonly associated with other areas,
they are often present in surprising numbers on free surfaces.

Microspikes (Taylor’s terminology for microvilli) according to Taylor (1966)

ssess as internal structures, small microtubules (150 A diameter) aligned
parallel to the longitudinal axis of the microvilli. This discovery has not been con-
firmed. However, other laboratories (Foll=tt and Goldman, 1970; Taylor, 1966)
have noted that microvilli contain axial bundles of 40-60 & filaments.

Blebs—Blebs are bulbous extensions of the cell surface. They are of variable
sizes and are most commonly observed on cells during the G, period of the cell
cycle (Porter, et al., 1973). Their shape is spherical when viewed from above and
their attachment site has a smaller diameter. There seems to be no special
arrangement of blebs over the surface, except that they are perhaps more
numerous over the nuclear area.

Internally, blebs are relatively free of ‘‘major’’ cell organelles. However, tran-
smission electron microscopy on human epithelial cells demonstrates numerous
polyribosomes (Price, 1967). Similar findings have resulted from studies of CHO
cells by Porter, et al. (1973).

Ruffles—Ruffles are recognized as broad folds at the cell surface. They are
commonly observed originating at the leading edge of advancing cells (Aber-
crombie et al., 1970; Ingram, 1969). Although ruffles are often seen at leading
edges, they are usually absent at edges in confluence with other cells. Vertically,
ruffles may project 6-8 um. Along the cell margin they often extend 8-10 um.

Transmission electron microscopy of these structures reveals relatively little
about their internal structure. They contain no identifiable organelles; however, a
few small vesicles are often seen at their base. Abercrombie et a/. (1971) report
what they term ‘‘granular’’ and *‘vague filaments’’ in the ground substance of
the ruffles.

Although microappendages are similar in the respect that they all arise from
the cell surface as extensions of the plasmalemma, there are no common internal
structures which can be found. In addition, it should be noted that although they
are described separately in terms of their external morphology, they cannot be
catagorized definitively.

Pleomorphicity has been compounded by one structure arising from an other
(i.e. microvilli from a ruffle). Commonly microvilli terminate in a bleb-like struc-
ture.

Microappendages, to some extent, have been observed on almost every free
cell surface which has been examined by electron microscopy. They are rapidly
becoming recognized as important structures related to vital cell functions,
locomotion, phagocytosis, diffusion, active transport, receptor sites of agglutinins
and many others. Since there are differences in microappendages on transformed
cells, especially neoplastic cells, their normal pattern needs to be established. Fur-
thermore, the responses of microappendages to physiologic conditions and
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stresses are very important. With the establishment of a norm.enlpTemof

development and response, similar structures on abnormal cells can be more full
understood. y

Chick embryos offer the advantage of possessing a histologically organized cell
layer; the endoderm which composes the ventral surface. Endodermal ce]ig ex-
press pleomorphism of surface microappendages typical of rapidly 8rowing areas
(Harri and Low, 1974). Microappendages are concentrated at, and outline, ce]
margins where cells are in contact.

Environmental factors appear to be important in regulating cell function. The
pH of most vertebrate cells is held constant at pH 7.2 + 0.1. Proper growth ang

development of cells require that pH be closely regulated (Ceccarini and Eagle
1971). ’

Cytochalasin B (CB) possesses unusual cytoactive properties first described by
Carter (1967). Cytochalasins are a group of mold metabolites to which 3
multitude of cellular responses have been attributed. Among those
are: inhibition of cell movements (membrane ruffling), multinucleation
(inhibition of cytokinesis), nuclear extrusion and disruption of the cytoskeleton
(microfilaments, Wessells, e a/., 1971). Another cell type readily accessible to
the study of microappendages is found in the central nervous sytem. The brain
and spinal cord of vertebrates are covered by three distinct connective tissue
layers, collectively termed the meninges. Two of these layers, the arachnoid
mater and pia mater, are often referred to together as the leptomeninges. An in-
terval between the leptomeningeal sheaths, the subarachnoid space, is occupied
by a fine trabecular network of arachnoid tissue, blood vessels, nerve rootlets and
cerebrospinal fluid.

Many investigations of the subarachnoid space have demonstrated free cells
resting on the leptomeningeal linings of normal animals (Pease and Schultz,
1958 ; Shabo and Maxwell, 1968 ; Morse and Low, 1972a, b; Oehmichen and
Gruninger, 1974). Generally these cells possess a highly vacuolated cytoplasm,
an indented nucleus, some mitochondria, rough endoplasmic reticulum, lipid in-
clusions and free ribosomes (Morse and Low, 1972b; Malloy and Low, 1976).
More recent studies utilizing SEM have made reference to the extreme pleomor-
phism of the subarachnoid free cell and its wealth of microappendages; microvilli,
blebs and ruffles (Cloyd and Low, 1974; Malloy and Low, 1974, 1976; Allen
and Low, 1975). Malloy and Low (1976) performed a coordinated SEM and TEM
investigation of these cells and concluded that the leptomeningeal free cell
possesses the morphological characteristics of a macrophage.

We recently r=norted an approximate ten-fold increase in the number of free
cells adherent io the leptomeningeal sheaths twelve days after an intrathecal in-
jection of bacillus Calmette-Guerin (BCG) (Merchant and Low, 1977b). Nearly
eighty percent of these cells were macrophages, as indicated by low power TEM.
The remainder of the population was composed of neutrophils and lymphoblasts
(Merchant and Low, 1976). Each of these cell types of the leukocyte series
displayed a characteristic topography and compliment of microappendages,
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making ientification possible solely from the evidence of SEM alone (Merchant
and Low, 1977a). Moreover, it became apparent that under conditions of BCG
challenge, macrophages frequently entered into close apposition with cells of a
gimilar or different type. Adjacent cells often appeared to contact one another
through their plasmalemmal extensions.
Therefore it is the aim of this communication to describe changes in microap-
ndage distribution and morphology under several systems and several insults.
The extracellular effect of pH and cytochalsin B will be examined on the ventral
surface of the chick embryo. The effect of BCG on subarachnoid leukocytes will
dso be investigated. Special attention will be given to the possible functional
significance of cell surface topography at the ultrastructural level.

MATERIALS AND METHODS

Preparation of chick embryos—Fresh pullet eggs (White Leghorn variety)
were incubated 24-48 hours (Hamilton, 1952). Blastoderms from eggs designated
experimentals were removed by the paper ring method (Low, 1967) and im-
merscd for five minutes in buffered chick ringers solution at a pH of either 6.0 or
9.4. Samples were fixed in isotonic Tyrode’s fluid (249-254 mOsm) containing
0.8% glutaraldehyde for one to two hours and post-fixed in buffered 2% OsO, for
45 minutes. Samples were processed routinely for SEM and mounted for viewing
with the ventral surface exposed.

Blastoderms were exposed to CB (10 or 40 ug/ml) by either immersion in buf-
fered chick ringers solution; a dimethylsulfoxide (DMSQ) solution; or by sub-
blastodermic injection for 5-15 minutes. DMSO is utilized due to its high CB
solubility. Fixation was carried out as previously described. Preparation for SEM
and TEM was routine.

Controls for both groups were fixed either iz ovo or by the paper ring im-
mersion technique and subsequently prepared for electron microscopic (SEM and
TEM) examination by standard methods.

Preparation of macrophages.—Macrophages were activated, then processed
by a combination of techniques previously described in detail (Malloy and Low,
1976 Merchant and Low, 1977a, b). Dogs anesthetized intraperitoneally with
sodium phenobarbital, were administered 4-9 million BCG microorganisms in-
trathecally. Subarachnoid space entrance was made into the cisterna magna with
care being made not to substantially modify cerebral spinal fluid pressures.
Following twelve days incubation, the dogs were reanesthetized and perfused
through the left cardiac ventricle. Initial fixation was accomplished with a washout
solution of cacodylate-buffered paraformaldehyde - glutaraldehyde mixture.
Peripheral vasoconstriction was avoided by the addition of procaine hydrochloride
(0.1%) to the washout solution (Forssman et a/. 1967). Final fixation was con-
tinued with Karnovsky fixative (Karnovsky, 1965) adjusted to pH 7.4 at 560
mOsm. Representative leptomeningeal samples were removed (Cloyd and Low,
1974) following laminectomy. Samples were post-fixed for one hour in 2% OsO,
and routinely prepared for SEM. Control dogs were carried through the same
protocol, omitting BCG intrathecal administration.
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Selected SEM specimens were embedded and sectioned for TEM.

Electron Microscopy.—Preparations for SEM were dehydrated thyq, b
graded series of acetone, critical point dried utilizing carbon dioxide and Coaé d
with carbon and gold-palladium (60:40). Preparations for TEM were dehydrate d
through graded alcohols and embedded in Epon 812. Thin sections were obtaineq
on the Porter-Blum MT-2 ultramicrotome. Selected sections were picked up on
grids and double stained with uranyl acetate and lead citrate. Observations wer,
made on a Cambridge Stereoscan S4 Scanning Electron Microscope or a Phillips
200 Transmission Electron Microscope.

RESULTS

Chick Embryo, Control.—Endodermal cells of the ventral surface have ,
characteristic surface morphology within the incubation times examined (24.48
hours). Figure 1 displays the normal surface contours found on the ventral surface
of early chick embryos. Cells fixed iz ovo are flat except for numerous bulges dye
to previous phagocytosis of yolk (Litke and Low, 1975). Cilia, usually centrally
located, are found one per cell (fig. la). Microappendages (microvilli, blebs ang
ruffles) may arise anywhere on the free surface but tend to be concentrated near
the cell borders (fig. la). Figure 1b demonstrates a typical transmission electron
micrograph of the ventral surface. Endodermal cells possess a distinct basal lamina
overlying the processes of mesodermal cells.

Dimethylsulfoxide controls differ from iz ovo controls in distribution of
microappendages. Endodermal cells are flat overall, and yolk bulges are less
prominent (fig. lc). Cilia are still present. Small blebs, however, are more
numerous. Figure 1c demonstrates a typical increase in large ruffled plasmalem-
mal extensions on the majority of cells.

Chick Embryo,; Cytochalasin B.—Extracellular introduction of cytochalasin B
elicits dynamic alterations in plasmalemmal morphology. Regardless of whether
embryos were immersed or injected sub-blastodermally, similar results were ob-
tained.

Figure 2 illustrates the rapid effects of CB on cell surface appearance of en-
dodermal cells. Cells exposed to 10 ug/ml CB (5 or 15 minutes) reveal a surface
heavily populated with microvilli, small blebs and ruffles (fig. 2a). Bulging cells,
indistinct cell margins, and branching of microappendages are commonly ob-
served. Isolated areas demonstrate a second major effect; that of cell dissociation
(fig. 2b). Figure 2b displays cells separating from each other, rounding up and
leaving filopodia (long attenuated cell processes) behind. Dissociated cells are
devoid of microappendages except for the persistent cilium.

Figure 3 and 4 illustrate the effects of a high concentration of CB (40 ug/ml)
at 5 minutes exposure. Large blebs (2-10 um diameter) are the predominent sur
face feature of these cells (figs. 3a, 3b, 4a), although microvilli and small blf.bS
(2um) are still numerous. Figure 3b reveals microvilli and small blebs populating
the surface of a large bleb. Arrangements of microappendages often take on this
pleomorphic appearance. Correlated with TEM, large blebs reveal that they ar¢
devoid of cell organelles except for numerous membranous vesicles (fig- 30)
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StereoSCopy of microappendages displays their true three-dirnensi‘onal relationship
Figure 4a represents a stereopair of endodermal cells demonstr'anng' lgng ﬁlamep-
1ous processes often interconnecting microappendages. Microvilli are easily
distinguished from small blebs with this technique.

Transmission electron microscopy of endodermal cells reveals that cellular
components are normal in distribution and morphology (figs. 4b, 4c). Figure 4b
{llustrates a typical cilia with its complement of microtubules and basal body. The

lasmalemma at the base of a cilia is usually invaginated, giving the appearance of
a pit in SEM (fig. 4a, upper right). Microfilaments are found in discrete. bands
near the cell surface, showing no disruptive affect due to exposure to CB (fig. 4c).
Observations indicate that no cellular organoids appear to be associated with bleb
formation, retention, or retraction. -

Chick Embryo, pH alteration.— Alteration in the environmental pH results
in changes in microappendage patterns. Figure 5 illustrates surface morphology as
revealed by scanning electron microscopy.

Exposure of endoderm to alkaline pH results in an increase in number and
length of microvilli (fig. 5a). Figure 5a also demonstrates that microvilli now
posscss bulbous terminations as well as greater length. The plasmalemma appears
smooth in contrast to cells exposed to acid pH which present a somewhat pitted
surface (fig. 5b). Figure Sb reveals that acidic pH (6.0) causes disappearance of
microappendages except for cilia. Changes in pH do no elicit formation of large
blebs.

Subarachnoid Leukocytes;, Control.—Scanning and transmission electron
microscopy of the leptomeningeal sheaths of normal animals reveal a randomly
scattered population of macrophages with morphological characteristics consistent
with those reported previously (Cloyd and Low, 1974; Allen and Low, 1975;
Malloy and Low, 1976). These free cells are associated with all structures lining
and traversing the subarachnoid space. Figure 6 dramatically illustrates the ex-
treme pleomorphism exhibited by two members of this population. Their surfaces
vary from smooth (fig. 6a) to highly ruffled and blebbed (fig. 6b). Macrophage
microvilli display wide variations in length and often times contact adjacent cells
or their underlying, leptomeningeal substrate (fig. 6a). Pial microvilli as well may
touch a nearby free cell (fig. 6b).

Subarachnoid Leukocytes;, BCG Challenged.—Animals injected with BCG
are asymptomatic for adverse systemic reaction to the antigen. They appear in-
stead to be outwardly healthy and indistinguishable from controls. Scanning and
transmission electron microscopy demonstrate not only macrophages but also
lymphoblasts and neutrophils on the leptomeningeal sheaths of infected animals.

Figure 7 illustrates the wide array of plasmalemmal contours displayed by
BCG-challenged macrophages. Blebs, ruffles, and microvilli erupt from each
cell’s surface. Some processes appear to associate with similar structures of neigh-
boring cells (fig. 7a,c). Although expressing the normal variety of microap-
pendages, the macrophage’s surface is dominated by blebs (fig. 7a,b). The
majority of blebs are between 0.5 and 2.5 um in diameter. Apical blebs can be
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dentified by TEM of comparable cells (fig. 7b). These structures are composed of
vacuoles surrounded by a highly attenuated cytoplasm. Scanning elctron
microscopy of burst blebs reveals their vacuolar interior (tig. 7a).

Lvmphoblasts from the same experimental model are presented in figures 8
and 9. These cells display a characteristic surface morphology ; a smooth, rounded
cell body with many basal microvilli projecting to the underlying pia (fig. 8a).
Although certain microvilli appear by SEM to perforate the pial surface, TEM
demonstrates that these processes do not perforate but, rather, indent the pial cell
plasmalemma (fig. 8b). Frequently lymphoblasts exhibit blunt microvilli at the
margins of lamellipodia (fig. 8c).

Two modes of macrophage-lymphoblast interaction are reported in figure 9.
One consists of an intimate plasmalemmal association encompassing much of
each cell’s surface (fig. 9a), while the other involves the extended, basal
microvillus of a lymphoblast contacting an adjacent macrophage (fig. 9b).

Neutrophils are demonstrated in figure 10. These cells are nearly spherical
and have extremely irregular surfaces composed largely of thick, tapering
microvilli (fig. 10a, b). Scanning and transmission electron microscopy suggest
that neutrophils approach adjacent macrophages with their microvillar processes
(fig. 10b) and that this might lead to more closely proximated plasmalemmal
associations (fig. 10c, d). Transmission electron microscopy demonstrates a con-
spicuous  morphological feature of the macrophage-neutrophil junc-
tion: indentations of each cell’s plasma membrane by surface processes of the
other (fig. 10d).

DISCUSSION

This contribution shows that cytochalasin B and change in extracellular pH
cause alteration in microappendage prominence and morphology. Large blebs are
the prominent morphological feature of endodermal cells of the chick embryo ex-
posed to CB. Transmission electron microscopy correlates reveal that blebs con-
tain membranous vesicles. The observed phenomena support the idea that initial
effects are induced in the plasmalemma. In addition, plasmalemmal manifestations
due to changes in pH have been demonstrated. This ramification has not
previously been investigated.

Bleb formation following exposure to CB is reported frequently in the
literature (Carter, 1972; Krishan, 1971 ; Bhisey and Freed, 1975; Mayhew and
Maslow, 1974). Blebs usually contain ectoplasm and polyribosomes but other-
wise are devoid of major organelles (Krishan, 1971 ; Bhisey and Freed, 1975). In
contrast, the present study shows that large blebs contain only membranous
vesicles. Blebs are free of cell structures which confer shape or rigidity upon them.
Apparently either passive expansion or plasmalemmal ultrastructure is respon-
sible for maintenance of these microappendages. Cytochalasin B elicits rapid (< 5
minutes) induction of microappendages without affecting internal cell structures.

Microfilaments, which are primarily contractile structures, are implicated by
some investigators as the primary site of CB’s action (Wessells, et a/., 1971;
Axline and Reaven, 1974). Since these authors observe disruption of
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microfilaments in the presence of CB they suggest that most, if not all, of CB’s ef-
fects are due to microfilament inhibition. However, there is no direct evidence
that the affected microfilaments are involved with the cell processes which are
inhibited by CB (Carter, 1972; Estensen, et al., 1971). Therefore, it remains to
be determined whether there is a causal relationship between microfilaments and
the effects of cytochalasin B. This present study shows no disruption of
microfilaments, within the short term exposure to CB, and no relationship bet-
ween these structures and blebs. The speed of action and its nature (microap-
pendage formation; cell dissociation) both implicate the plasmalemma as the most
likely site of primary action.

Mammalian cells, especially as shown in culture, are extremely sensitive to
extracellular environmental factors such as pH (Ceccarini and Eagle, 1971 ; New,
1966). Proper maintenance of growth and metabolic functions are dependant
upon optimal pH. Scanning and transmission electron microscopy reveal that
microappendages undergo modification when stressed by non-physiological pH.
Microvilli develop bulbous teminations as well as elongation at alkaline pH while
disappearing at acid pH. Although the functional implications are not known,
microappendage morphology is dependent on environmental conditions. Related
to these findings is the work of Litke and Low (1977) which demonstrates that
variations in fixative tonicity affects endodermal cells similar to acid pH. Cell
bulging and loss of microappendages are consistent with hypotonic fixation.
Alteration in pH conceivably might alter cell permeability resulting in uptake of
excess fluid associated with retraction of microappendages. A similar mechanism
could explain the effects of CB on cell dissociation as reported herein.

Scanning and transmission electron microscopy indicate that the free cells
resting on the leptomeningeal linings of normal animals possess the morphology
of macrophages (Morse and Low, 1972b; Malloy and Low, 1976). The un-
stimulated macrophages of controls present a topography suggestive of a high
level of plasmalemmal activities; including blebs, microvilli and ruffles.

Electron microscopy of the subarachnoid space of BCG-challenged animals
shows that approximately 80% of the free cell population expresses a macrophage
morphology. Activated macrophages differ from controls in two respects. First,
SEM demonstrates that plasmalemmal blebbing is greatly enhanced and
dominates the macrophage surface. Some cells are totally covered by these roun-
ded eruptions of the plasma membrane. Transmission electron microscopy not
only illustrates that challenged macrophages, possess a greater wealth of vacuoles
but also that these vacuoles compose much of the interior of apical blebs. The
vacuoles may represent heightened ingestion of cerebrospinal fluid and analysis of
its composition by the stimulated macrophage.

Second, microvilli increase in number on the surfaces of challenged
macrophages. This trait may relate to enhanced phagocytic capacity since these
microvilli appear to probe the meningeal sheaths in a searching fashion. The
present study demonstrates cellular interactions between adjacent macrophages
via microvilli. Such associations may be reasonably interpreted as a mechanism by
which cells are recruited for specific immunologic or phagocytic activities and that
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the intimate proximity of some plasmalemmal extensions may serve as ap in-
tercellular pathway for this communication.

Electron microscopy of experimental animals uncovers at least two other
members of the leukocyte series, neutrophils and lymphoblasts. Their appearance
in infected animals only suggests that in the presence of an antigen their ability to
adhere to a substrate is enhanced. Both cell types display microvillar procesgeg
which appear to anchor the cells to the substrate.

The present study reveals extensive inderdigitating processes betweep
neutrophils and macrophages. Since degenerating neutrophils are occasionally gp.
served with macrophage phagosomes, these plasmalemmal invaginations may
represent early events of phagocytosis (Leibovich and Ross, 1975). Regardless of
the fate of the neutrophil, the elaborate junction formed by this cell and the
macrophage, would suggest this as a site of information exchange between the
two cell types.

Numerous studies have demonstrated lymphocytes physically interacting with
macrophages during the immune response (Farr and DeBruyn, 1975; Nielson, ¢¢
al., 1974; Schoenberg, et al., 1964; Werdelin, et a/l., 1974). These studies in-
dicated that for most antigens, macrophage-lymphoblast interactions were
required for immune reactions to be fully potentiated. In the present study, the
close apposition of their respective plasmalemmas and microappendages may
facilitate the presentation of macrophage, surface-bound antigen to the lym-
phocyte (Cline and Swett, 1968). A functional cooperation could also be mediated
through soluble factors or ‘‘altered’’’ antigens released by macrophages and
therefore the close proximity of cell processes might serve in the conservation and
concentration of such liberated factors (Fishman and Adler, 1963).

Electrophysiological studies have demonstrated electronic coupling between
closely apposed cells (Revel, et al., 1971; Sheridan, 1966). Levy et al. (1976)
have reported similar communication occurring between cultured macrophages.
Therefore, the intimate cell surface associations mediated through the cell surface
processes of leptomeningeal leukocytes may not only allow for chemical factors to
be transferred from cell to cell more easily but an electrical field as well. It
therefore appears that portions of the microappendage plasmalemma may
represent specialized areas where the transport function is more essential than the
barrier function.

In summary then, plasmalemmal microappendages are differentiated, highly
active functional components of the cell. They exhibit purposeful activity and
responsiveness to extrinsic change. The former has been demonstrated within the
chick embryo model in response to changes in pH and the insult cytochalasin B.
The extent, prominence and distribution of microappendages are modified in-
dicating variable states of cellular activity or response. Further analysis defines this
response as being membrane-associated. With the subarachnoid space-leukocyte
model we observe a further refinement in the activity of plasmalemmal mor-
phology. Evidence has been presented to indicate an active communicative as “{611
as passive function. That macrophages and other leukocytes are intimately in-
volved in the immune response, demands that they possess highly capable
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methods of interpret?ng foreign from endogenous antigenic substances. Also the
requirement of certain leukocyte interactions to express some immunological ef-
fects predisposes a method of intercellular communication. Evidence for both of
these ideas has been presented.

As cytochalasin B has been shown to inhibit a variety of microfilament depen-
dent activities, however, and that microfilaments per se are not found to be direct
controllers of microappendage alteration as seen with CB administration, evidence
;s enhanced for a passive or concomitant mechanism for bleb formation.

The mechanisms of microappendage formation and function, nevertheless,
remain largely unknown. However, as per this communication it is plausible to
investigate intramembranous activity with respect to motility, receptive and com-
municative modalities. This laboratory is currently investigating related in-
tramembranous morphology with the freeze-fracture technique.
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A SCANNING ELECTRON MICROSCOPIC STUDY OF
THE CHOROID PLEXUS IN THE RABBIT

Bruce Persky and Frank N. Low
Department of Anatomy, School of Medicine
University of North Dakota, Grand Forks, North Dakota 58202

ABSTRACT

T study depicts the surface morphology of the choroid plexus of the lateral ventricle in the rab-
bit. Numerous pleomorphic epiplexus (Kolmer cell) macrophages were noted, often occupying the
sulcus tound between adjacent choroid plexus ependymal cells. The ventricular surface of each epen-
dvmul cell resembled a low, rounded mound covered with numerous microvilli. The microvilli varied
in lenuth and were more heavily distributed on the top of the cell than at the periphery. The sulcus
positioning apparently allowed the epiplexus macrophage to attain a closer physical proximity to the
underlving epithelial cells.

The cytoplasmic processes of some epiplexus macrophages were long, thin, and delicate while
othei« were thick and proboscis-like. Occasionally pits and crater-like depressions were observed on
both the cell body and cytoplasmic processes. Generally, the cytoplasmic processes flattened out and
blended with the ependymal cells.

INTRODUCTION

Scientific observations of the choroid plexus and ventricles began in 1836 with
a light microscopic study of the ventricular epithelium of sheep. Since then
numerous studies, many using transmission electron microscopy (TEM), have
focused on the ultrastructure of the ventricular ependymal lining cells, the
choroid plexus epithelium, and associated macrophages. The basic structure of
the mature choroid plexus is now known to consist of a single layer of flattened
cuboidal epithelial cells resting on a basement membrane. An interposing layer of
connective tissue separates all basement membranes, as especially seen when the
choroid plexus bulges into the ventricular space. Superficially the epithelial cells
are covered with microvilli and cilia.

Some eighty-five years later, Kolmer (1921) observed phagocytic cells resting
on the choroid plexus of lower vertebrates. Subsequent light microscopic studies
during the 1930’s, *40’s, and early ’50’s confirmed the presence of phagocytic
cells (Kolmer cells) in other vertebrates (Biondi, 1934). Ariéns Kappers (1953)
reported the Kolmer cell morphology and phagocytic behavior in the salamander
and the guinea pig, and he also coined the name *‘epiplexus cell’’ to designate the
Kolmer cell’s epi-epithelial position on the choroid plexus.

Detailed studies of the cat’s epiplexus cells uncovered such ultrastructural
features as free ribosomes, multiple Golgi, indented nucleus, coated surface in-
vaginations and microvesicles and dense lysosomal bodies (Carpenter, 1970). The
cat’s epiplexus cells appeared to be of hematogenous origin, but evidence was
lacking. This came in 1975 from research done on humans (Schwarze, 1975).
Schwarze noted that the polymorphous mononuclear epiplexus cells could not be
distinguished from cells which are found as macrophages in the blood vessels and
the stroma of the plexus. He formulated this conclusion due to the fact that
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neither a light and electron microscope comparison nor a phagocytosis ex.
periment could show a difference. The epiplexus cells were highly similar ¢, or
identical with macrophages of other locations. It is currently believed tha¢ the
epiplexus cells are hematogenous in origin and are therefore monocytogenetic
macrophages.

Schwarze also positively determined that a second type of phagocytic epiplexus
cell, which had been found by other investigators as early as 1953, was indeeq 5
lymphocyte. He based his identification on morphologic and cytochemicy
criteria. These lymphocytes, which are not often seen on the surface of the plexys
epithelium, wander through the stroma and epithelium of the choroid plexys a5
hematogenous cells and then enter the cerebrospinal fluid.

One of the earliest scanning electron microscopic (SEM) studies of the
epiplexus cells was reported by Hosoya and Fujita (1973) on the rat choreig
plexus. They divided the epiplexus cells into two types by differences noted in
their topography. Type 1 cells possessed only fibrous processes projecting from a
centrally located cell body. Type 2 cells possessed pseudopod-like processes of
considerable length and thickness. They suggested that Type 1 cells represented
resting stage while Type 2 cells represented a motile stage.

A later study (Chamberlain, 1974) performed in the fetal cat brain found large
epiplexus cells (8-10 um) typified by folds, flange-like surface projections, and
long, thin pseudopodia interdigitating with subjacent choroid plexus microvilli.
Discrete, periodic enlargements were observed at intervals along the pseudopodial
processes. The periodic swellings may represent surface protrusions of migrating
subplasmalemmal organelles, such as lysosomes and microtubules.

A still later study (Allen, 1975) examined the epiplexus cells of the dog.
Allen’s work demonstrated that the numerous epiplexus cells exhibit extreme
polymorphism and also that TEM used in conjunction with SEM positively iden-
tified epiplexus cells as being macrophages. Because of the epiplexus cell’s special
characteristics of polymorphism, Allen concluded that external morphological
classification would have to rely on generalizations. Flattened supraependymal
macrophages had processes that tend to flatten out and blend with the ependymal
cells. Star shaped supraependymal macrophages had a smooth oval body with a
number of radiating cellular processes. Rounded up supraependymal macrophages
had many fine, filamentous processes. Some of the filamentous processes
possessed bulbous-like projections. Most of the processes of the macrophages were
intimately associated with the ependymal surface, but these were not
macrophage-ependymal tight junctions. This absence supported the belief that the
polymorphism was due to the Kolmer cells moving about on the ependymal
linipg.

SEM studies of the choroid plexus have indicated substantial differences in the
surface morphology between various vertebrate species. The present work is 2
descriptive study of the choroid plexus in the rabbit so that further vertebrate
comparisons may be made.
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MATERIALS AND METHODS

Four female rabbits of varying ages were anesthetized by intraperitoneal and
intrathoracic injection of 6.5% sodium pentobarbital and perfused under near nor-
mal physiological pressure by a cannula inserted into the exposed left ventricle.
The perfusates were buffered aldehyde solutions (Karnovsky, 1965) modified by
techniques from Palay et al., (1962), Sabatini et al., (1963) and Rosen et al.,
(1967). The initial fixation and washing out of blood was accomplished by a
washout solution of a cacodylate-buffered paraformaldehyde-glutaraldehyde mix-
wre which contained 0.1% procaine hydrochloride to prevent peripheral vasocon-
striction (Forssman et al., 1967). After flushing 1,000 - 1,500 ml of washout
solution through the circulatory system, the perfusion was completed with 1,000
-1,500 ml of Karnovsky fixative. )

The animals were decapitated, and the bony vault of the skull was stripped
free of soft tissue. A complete coronal section just anterior to the orbits allowed
access to the cranial cavity. The calvarium was split midsagitally (anterior to
posterior) and reflected laterally. The brain was lifted from the cranial vault as the
cranial nerves and blood vessels were severed. The entire brain was then im-

mediately immersed in Karnovsky fixative for further dissection. The brain was
sectioned midsagitally, and the lateral ventricles opened via entry through the
Foramen of Monroe. The choroid plexus was excised from the lateral ventricles
and placed in fresh Karnovsky fixative. The tissues were subjected to a cleansing
stream of fixative for several minutes to prevent surface contamination.

The choroid plexuses were prepared for scanning electron microscopy by post-
fixing for 60-90 minutes in either 1% or 2% OsO, buffered with 0.144 N sodium
cacodylate. An electric stirrer provided a constant slow swirl during all phases of
postfixation. After rinsing in 0.144 N sodium cacodylate buffer, the tissue sam-
ples were dehydrated through an ascending series of acetone. Samples were dried
in a Sorvall Critical Point Drying System using carbon dioxide as the drying agent.
The dried tissues were quickly mounted on metal specimen stubs with either
silver paste or double-stick tape, and coated with palladium-gold in a Technics
Hummer I vacuum evaporator. Specimens were viewed in a Cambridge Stereo-
scan $4 scanning electron microscope.

/‘—f

RESULTS AND DISCUSSION

Scanning electron microscopy of the rabbit choroid plexus at low
magnification reveals a tortuous, convoluted epithelium projecting into the ven-
tricular cavity (Figures 1-6). Regional differences in the overall topography of the
plexus tissue were noted but appear to be limited only to the degree of tortuosity.

The cuboidal epithelial cells which comprise the choroid plexus are rounded
up on the ventricular side (Figures 1, 5, 6). Numerous microvilli and cilia cover
the plexus surface (Figures 1-6). The cilia appear to encircle pore-like structures
on the cell surface. Thus the cilia outline an apparent passageway through the
plexus plasmalemma (Figure 2). Microvilli blanket the plexus ventricular surface,
especially the ventricular apex. Cell junctions between adjacent ependymal cells in
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J. B. Gruber, E. D. Larson, D. N. Olsen and T. R. Stoner
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ABSTRACT

Probability amplitudes have been derived for two-photon spectroscopy using time-dependent
perturbation theory. Two cases are considered in detail: (1) absorption of a laser photon and ap
incoherent light-source photon, and (2) absorption of two laser photons. Expressions for two-
photon absorption coefficients are compared with results obtained by Kleinman in 1962. Cop-
trary to Kleinman’s approach, our expressions give first-order probability amplitudes that do ney
contain or require intermediate states. We find these amplitudes depend upon the polarization
and intensity of the incoming laser beams. The second-order probability amplitudes are calculated
by assuming that the charge transfer band acts as intermediate states, an assumption also made
by Kleinman. As an example, we quantify our expressions by performing a ratio calculation
between two-photon and single-photon absorption by rare earth or actinide ion (nf") systems.

INTRODUCTION

With the advent of laser technology in the early sixties, it became possible
to generate powerful, coherent, and tunable laser sources which allow one to
examine many low-probability non-linear optical phenomena. One such phen-
omenon includes multiphoton spectroscopy which is the interaction between
the quantized electromagnetic field and matter, accompanied by absorption or
emission (or both) of not /ess than two photons from the radiation field per ele-
mentary act. Prediction of such a phenomenon, however, actually predates the
laser, and was made as early as 1931 by Marie Goeppert-Mayer who made use of
time-dependent perturbation theory associated with the then emerging theory of
quantum mechanics. Quantum mechanical time-dependent perturbation theory
organizes interaction of the radiation field with matter rather logically into a se-
quence of events of decreasing probability in which the occupation numbers of
the quantized electromagnetic field change by integer amounts of increasing
magnitude. These events are usually referred to as one, two, or higher multi-
photon processes. The high intensity, monochromaticity and coherence of the
laser source can overcome in many cases the experimental difficulties in dealing
with low-probability multiphoton events.

Lasers are particularly useful in studying the optical properties of rare earth
and actinide ions where single-photon electric-dipole transitions within the nf*
subshell, usually appearing in the visible and ultraviolet spectra, are precluded
or are of low-probability due to selection rules arising from obvious parity con-
siderations. Two-photon spectroscopy is particularly suited to studying nf*~>nf"
electronic transitions since two-photon absorption matrix elements in the electric-
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dipole approximation achieve their maximum probability between states of the
same parity.

The approach presented in this paper uses the time-dependent perturbation
theory also used by Kleinman (1962) whose results were taken by Kaiser and
Garrett (1961) to show qualitatively that two-photon absorption can take place in
CaF, crystals doped with Eu* if a pulsed ruby laser of modest energy output
(<1.0 joule at 6943 A)is used. Our results agree to within a constant factor with
those reported by Kleinman (1962), the difference being that we have included
contributions ignored by Kleinman. Our results give rise to expressions that do
not contain or require intermediate states that serve no physical role in the actual
process. Moreover, we find that calculated probability amplitudes for two-photon
processes depend upon polarization of the photon beams. A critique is given near
the end of the paper to show why this approach is more suitable and more physi-
cally sound. Also a ratio calculation is presented which indicates two-photon
absorption is roughly a thousand times less likely than single-photon absorption
for a typical rare earth ion.

In the following sections an expression is developed for a single-photon ab-
sorption coefficient in order to illustrate the procedure. Then expressions are
derived for absorption coefficients for two-photon processes using second-order
time-dependent perturbation theory (Merzbacher, 1970). Two types of absorp-
tion spectroscopy are considered.

1. A laser beam, frequency ws, is incident upon an absorbing medium hav-
ing a sharp absorption line, frequency wie. On the basis of the following calcu-
lation, a second, much weaker beam is then expected to experience absorption
at frequencies wkg * .

2. A laser beam, frequency ws, is incident upon a medium having an ab-
sorption band at frequency wig ~s2ws. In both of these situations it is assumed,
of course, that no states exist below the state of interest such that two single-
photon absorptions occur.

BASIC ASSUMPTIONS AND DEVELOPMENT OF
PERTURBATION COEFFICIENTS

The first assumption to be made in this semi-classical treatment is that
transitions of importance may be characterized by a single-electron transition,
and the perturbation Hamiltonian is chosen to have the form

_ M > '—f e2 -y ‘—P
where all symbols have their usual meaning. Equation (1) comes from the total
Hamiltonian 1 o
> > 2
= — - —A(t v,
Ho-mt- -k’ (2)

where V is the unperturbed potential. There is no contribution to the scalar
potential by the radiation field since the Coulomb gauge is chosen
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-
V-A =0, ¢ =0
2—)
2r _ "2 A
vA - [T at2 0. (3)

In this treatment the time-dependent lattice perturbations are neglected so thyy
V, in Eq. (2), is assumed static. This assumption is appropriate, for example
for rare earth and actinide ions in solids, liquids or gaseous media where the ,f
electrons are usually well shielded from the environment and are not involyeg
as bonding electrons. There are a number of other systems that can be studied a5
well for cases of localized electrons undergoing transitions. A vector potential of
the form

K(;,t) = Kb exp[iwb(t-ﬁb-;/c)] + A exp[iw(t-ﬁ-F/c)] + c.c. (4

is taken, where wsfis/c and wii/c are wave vectors in the medium for the laser ang
weaker source, respectively. The expression c.c. means the complex conjugate
of the first terms in Eq. (4). Taking only monochromatic forms here instead of
Fourier transforms is based upon the practical fact that such forms are much
simpler to use. ) o

Combining Eq. (4) and Eq. (1) yields the perturbation Hamiltonian

e %{Kb expLiuy (t-y-7/c)] + & expliu(t-i-¥/c)] + c.c-} 3
2
+ _2:1c2 {Kb'xb exp[i2up (t- -F/c)] + c.c. + Kb.KE +c.c.

+ 2 [KbK exp[i(wbm)t] exp[-i(wbﬁbmﬁ)-_rt/c] + c.c] (5)

+ 2 [Ab-A* exp[i(wb-w)t] exp[-i(wbﬁb-wﬁ)-;/c] + c.c]

>
+ neglected terms in A-K} .

The perturbation theory is based upon the assumption that y may be expanded
as

¥ = E{Gkg + aél) + a'((z)} o exp(-iEkt/ﬁ), (6)

the initial, ground state being denoted by the subscript g (notice w(O) = ¢x)
and ¢« is an eigenfunction of the unperturbed Hamiltonian (which is the differ-
ence between Eq. (2) and (1) ), and Ex is the corresponding eigenvalue. The
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rturbation corrections in 2nd order time-dependent perturbation theory are
given by t
al" () = [ H (1)) explingt') dt’

k #h/ gy kg kg @)

t
al(f)(t) - W]"fo % all () H (t) explioggt') dt' . )
The matrix element of Eq. (7) is written

iw t iwt

- b > > -

t = — .

<k[H(t)]g> R - E’kg apiiy ) + KBy (wi)e + c.c.g
TZwbt

kK (2 + c.c.
ch {b b kg “’bb

. ty)t
+2 [Kb-K Ckg(wbnb-wﬁ)e1( ') + c.c:‘
i (wp-w)t
+ 2 [Kb'K* Ckg(wbﬁb‘wﬁ)e.' b + C.CZI} (9)

where Bus(wn) = <klexp(-2nivi #/cl¥|g> and Cig(wit) = <klexp(-2mivil-2/c)|g>
and the constant term has vanished for k # g.
Combining Eq. (7) and Eq. (9) now gives

. . expli(upte, )t]-1
o 0 25 g lugiy) ———
1(wb+wkg)

expl-1 (uy - )11

+ Kgﬁ;g(wbnb) TR
. K_B, (i) exp[i(w+wkg)t]—1
kg i(wtw, )

kg

-> > [ ww t‘]
+ ReBr (uh) e T
9 'i(w'wkg)
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[(ugho )t
2 exp[i (2w, tw, )t]-1
+ —s———g Z K C Zw n ) : b kg
2ifimc 1(2wb+wkg)
_exp[-i(2uw,-w, ) t]-1
+ Re By 50t g (20pty) b kg
b b =i (20 -0, )
wp~wyg
exp[i(wptwtwy,)t]-1
+ ZK A C nb+wn) b kg
i(wb+w+wkg)
v > L exp[-i(mb+w-wk 1t1-1
+ 2A*-A*C* (yu n +wn) 9
b kg™"b'b - (w0 tw-w, )
b kg
> > exp[i(wb-w+wk )t]-1
+ 2R AR (i -ui) : g
I(wb-w+wkg)
N . exp[-i(wb-m-wkg)t]-1
+ 2A%. -
2Ab Kctg(wbnb wn) -i(m omw ) (10)
b kg

Now we obtain the second-order coefficients by combining (9) and parts of (10)
in Eq. (8). This leads to the following expression: (See Appendix B).

(2) - t _]- -e + 2 " - EXp[i(wmeg)t']_]
e fo B 2"“ {Ab i o) oty )

g
> exp[-i(w.-w, )t']-1
e b g
g b'b - (wp-u q)
_expli(wte, )t']-1
+ K § (wn 29’
i(w+wzg)
_exp[-i(w-w, )t']-1
+ K*'Ep’b(wn) 'g
-i(w-w )
29

iw t' jwt' jw,  t!
Gﬁ . - Tw s - kg '
X mei Kb°§kﬂ.(“’b"b)e b+ AB (wn) e +c.c.] e dat',

(11)



ANNUAL PROCEEDINGS 223

which we write as (neglecting A- A term

2) b u’bb
( (t {?ﬁﬂ ZZ _..__ﬁL_____

b 9.9
_ exp[i(2w, *w )t]-] exp[+i (wptwy, )t]-1
X{Kb.gkg(wbnb) b kq _ b kp_
'i(?wbﬂokg) +i (wb+wkg’)
. K*'E* R exp[wkqt]-] ) exp[—1(wb—wkl)t]-]
b""ke “b"b o o)
kg “b™%ke
. expli(w +wto, Jt]-1  exp[i(wtwy,)t]-1
+ K—ék (wn) 1: b kg - ke
L 1'(wb+w+wkg) i(w+wk2)
> o> exp[i(wb-w+w Jt]-1 expl-i(w-v, )t]-1
+ A*-BE, (wn) -
i( -w+w ) -i(w-wkz)

[mc] Z __9_bb_

-wﬂ,

. exp[iw t]-l exp[1(w +w,)t]-]
X 1 Ao Bya (9pMp [ e ]
10yg 1(wb kz)
+K*.Bk (wbﬁb [EXP[' (Zwb-wkg)t]-] - eXp[-i(wb-wkl)t]Jj]
-1 (2wp-w g) 'i(“’b'“’kg)
R ) [:exp[i(w-wb+wk Q1 el )tl ]
i(w-wbﬂ)kg) i(wmkz)
~ -i -w - -1 {w-w t]
+7\*-E: (wn) [exp[ ko b k Jt]1 _ exp[-1( kﬂ.) ] ]}
2 'l(unb kg) -i(w-wkm)
2
e ZA Bzg( n)
2me g ute, )
29
- | explilup*ore, Jt1-1 expli(ugte, )]
K _ b kg
X{Ab Pl ") [ agrarn, ) oo ) ]
u.b w wkg wb wkl
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\
xp[i(-wb+m+wkg)t]-1 exp[i(-wbmk )t]-fJ

N e
+ K’S'ﬁ’ﬁl(wb"b) T, )
w [IVRlV] g

+[—‘*—]ZZ e By (o)
2mc —i(w-w )

i( -wb+wk l)

2 29

> . exp['i(mb-uﬁ'wkg)t]-] exp[1(w +w )t]-'l
X K kz(“b b) . B

'l(u.b-ur*wkg) (wb+wkg,)
N N expli(-wp-wte, Jt]-1  expli(-wpte, )t]-1
+ ReBr (o { — bk -
L i (-wb-w+wkg) (-wb+wkl)
(12)
SINGLE-PHOTON ABSORPTION

We begin by obtaining an _expression for ordinary single-photon absorption.
Assume for the moment that A, = 0. If g labels the ground state wi,> 0,k # g
and the interesting part of Eq. (10) is surely

v 4 R exp[-i(w-wkg)t]-l
a, '(t) = =— A*-B* (wn) - 13
9 (’-U' wkg )

The transition probability is the squared modulus of ax(t).

i Srieag g
Sw(t’wkg) = | (t)l 4[[“(:] lA B n)| —W——

This is the probability of finding the system in state |k> at time t. In a real
situation a collection of atoms will have a distribution of states |k> since each
atom experiences a different environment. Thus, a distribution exists for the
characteristic frequency ¢(wg). The probability of transition should be averaged
over {(wkg) to give

o

() = [ H(taugg)eluygdug

2
2 . 2 e sin [(w-wkg)t/Z]
= **R* du)
o o R A e O
9




ANNUAL PROCEEDINGS 225
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If t is taken large enough, W(t,wx,) will be so sharply peaked that {(wx,) may be
uaken out of the integral; and since

o . 2
f sinxt/2 i - nt ,
e x2 2

2 2
SW(tsw) = 20 [:e—] |A 'Bkg\mn)l ct. (16)

mc

Thus, the probability of transition is proportional to time, and the transition
rate for single-photon absorption is

_d s _ e 12, 2k o 2
S * gy SH(to=) - zn[mc] By (o) elw). an

It must be remembered that {(w) is a distribution function for characteristic
frequency wk; and hence also for the separation of state |k> from the ground
state. In this treatment it is assumed that this function depends only on the
medium and its inherent fluctuations and that the incoming radiation will not
affect its shape. It may be, however, that a high power laser pulse will perturb
the system to such an extent that this function will require more attention.

The intensity is related to the amplitude of the vector potential by

2
I = Nw 2
P A (18)
then if A = A% (€= unit vector) Eq. (17) can be written

2 2 ¢l 5.8 (ui)2
SR = 4q [e—] -CI—zle'Big(wnH C(w)'

The rate of absorption of energy is

NﬁuSR = -E ’ ( 1 9)
and the absorption coefficient is defined as
S LAl M
L TX (20)

. 2
a = 4l Ene?z A lepx ()] clw) N, 1)
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where N is the concentration of absorbers. From Appendix A Eq. (A2)

Mw
B - kg ¥
Big(wn) £ kg’ (22)
in the dipole approximation, and
[ <«k|r|g> .

kg
(23)

So. Eq. (20) can be written

2] w
Coan2 eS| Ykgps e (2 -
S, 4Nn [ﬁ_c] o |e rkg| t(w) (24)

where e*/fic = 1/137, the fine structure constant. The derivation of Eq. (24)
establishes the procedure; that which follows is done in a similar way.

DOUBLE-PHOTON COEFFICIENTS FROM ax‘"

Both a'", Eq. (10), and a‘®, Eq.(12), contain terms which may be inter-
preted as pertaining to two-photon effects. We look first at terms deriving from
' which might describe absorption at vc+w, where vc is a sharp line in the
spectrum of a medium. We take wx=w=2mv: >0 and note the terms with the
proper resonant behavior are

>

2 -j +- _
]a(])(t) - e_2 [:A*'K*C* (i +o) exp[ 1(wb w wkq)t] 1
k hme b kg*“b'b

-i(wb+w-wkg)
exp[i (wb-w+wkg)t]-1 (25)
)

A -A*C, (uw, i, -wi)
+ : wp Ny -wn
b kg™"b7b i(wb-w+w

kg

where the pre-superscript denotes the first of the experiments outlined in the
Introduction.

Equation (25) has some interesting characteristics. Contrary to Kleinman’s
approach in 1962, Eq. (25) will give an amplitude for a two-photon absorption
which does not contain intermediate states. Our result does not seem unreason-
able since the intermediate states seem to serve a purely formal, nonphysical
role, and they appear as a consequence of assuming that the unperturbed eigen-
vectors form a basis sufficient to describe the behavior of the system. Thus, one
should not infer that in undergoing a transition a system actually traverses all
or any of these intermediate states. Equation (25) also exhibits a dependence
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upon polarization of the beams through the dot products. We can write the
matrix element as

-i(wbﬁb-wﬁ) N

c "kg (26)

by expanding the exponential and retaining the first nonvanishing term in the
dipole approximation (first nonvanishing term); hence, if the dipole matrix
element between the ground state and excited state is appreciable, contributions
from a'"’ will contribute in describing this two-photon process. This leads to
an absorption coefficient for the source equal to ’

1,(1) 3E2T Ay Lo .
a (w) = N(2m) jﬁ; ?;;;E ‘——T:—Eleb-e| l(wbnbtwn)-rkgl §(w:wb).

nn, w
b-b @7

Again, we note that {(x) is the line shape of the wi transition. The subscript
b denotes the laser frequency and €, & are unit vectors describing the polariza-
tion of the radiation. Notice this coefficient depends upon the intensity of the
laser beam , and as mentioned before, is sensitive to the relative polarization of
the two beams. It will also be noticed that the factor involving the dipole moment
may be expected to depend upon directions of propagation in crystals of low
symmetry.

Equation (10) also has a term which may be interpreted as describing transi-
tions due to simultaneous absorption of two laser photons. It is

e? fedee (2o expl-1 (20,0 0)]1-1

2 "Vh/mcz b "b’kg'""b'b

2,(1) () =
() -1 (2upuyg) (28)

The pre-superscript 2 denotes the second of the experiments outlined in the
Introduction. Hence,

2,(1) _ |2 -+ 2 -2
RV = 20 =217 13512 1C, (20 ,
[Zh/mc{] | b’ | kg( bnb)l (29)

but here, rather than Eq. (20),
(30



228 NoORTH DAKOTA ACADEMY OF SCIENCE

—_—

2)2 I
2 (1) - an3le A b x> 2
¢ (zwb) " [ ic] (mc)2 ni“’b lnb rkgl C(zwb) (31

Here again, the absorption coefficient depends upon the intensity and crysgy)
symmetry. Equation (31) can be written in terms of oscillator strengths. Oscj]l,-
tor strength is defined by

2mw
= ks 2
fkg = F o Ixgld™
(32
and obeys
vf =1.
kK X9 (33)
In an isotropic medium
- 2 2
.._—» Z_ni_—’ 2_2 Z_Anbf
Inb rkg‘ - 3 |rkgl - nb lxkg‘ = 2mwkg kg . (34)
Using wi; = 2ws and Eq. (34) changes Eq. (32) to
2
3 1.f 35)
N b'k (
W 1] g
bb

DOUBLE-PHOTON COEFFICIENTS FROM ac‘®

Let us continue by considering cases wherein the transition is forbidden in
the dipole approximation. It may be that the following ac‘® coefficients wil
dominate in describing the two-photon absorption.
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— > R -
1(2)(t) = [e_]? {Kb'Bzg“”b“b)A* Bty () [expli(wp-tuyg)t)-1
k me L I(wb+wzg) 1(w -w+w )
Ax-B* (w it JA%-BE (wi) [ expl-i(wtw, ~wyq)t]-1
. b P1g wpNp ke lw p w w wkg
'1(wb'wzg) w+mb-wkg)
> > L > -
. A*'Bzg(“")Ab'Bkz(“b"b) exp[i( wb-w+w )t]-])
-I(w-wlg) -w+wkg)
2 Tu - +* »* . . + t] 1
. A 'Big(wn)Ab'Bkl (wbnb) exp[](-wb-w wkg) -
-i(w-wgg) i(-wb-w+wkg)

(36)

Calculating |ac® (t)|? directly is obviously too involved and not pertinent; many
terms would be generated which would be uninteresting for these processes, so
let us proceed by approximation. Kleinman (1962) assumed the existence of a
very strong band lying well above the frequencies w, wv, and wig. These so
dominate the scene that the sum in Eq. (37) can be dispensed with as follows.
Take wig >> w, ws, wig and assume the matrix elements connecting the inter-
mediate states with the final state and with the ground state are essentially the
same. Then, combining Egs. (32), (34), and (36) results in the following form

for lax'®(t).

exp[i(wb-w+wkg)t]-]

2)(t) . [}E} :E:{} A —Zﬁwzg lg‘z

1(wb-w+wkg)

m2 2 exp[-i(m+w -0, Jt]-1
b kg
+ AXA*F—u X |
b 162 297 49 -i(w+wb-wkg)
me 2 exp[i(wb-w+wk yt]-1
q
+ AbA*__fwl | X . l
iR 9 49 1(wb-w+wkg)
m2 2 exp[i(-mb-w+wkq)t]-]
bR (X
bige L9 29 i(-wb-w+wkg) .

(37
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The time dependent parentheses and the A amplitudes in the equation above

can be removed from the sum, leaving a sum of the form

w 2
2 %9
§m W2 |ngl ' (38)

Using Egs. (32) and (33), Eq. (38) becomes

m m
___.Z f = .
21 19 2if (39)
Thus, the assumption of a strong absorption band with characteristic frequen
much greater than w, ws, and wk, resulis in the following expression for

la®(t). ) (i 1611
e Silw-(w, tw t}-
13(2)(t) =[e_] n?ﬁ AbA* = -
‘ < il (grop)] (40)

. AEA* exp{-1[w-(wkg-wb)]t}-]
-1[w-(wkg-wb)]

In squaring this term to get the transition probability, we note that cross terms
give incomplete as well as uninteresting results; therefore, we omit them and
obtain for the transition probability

2 .2 .
2, [(e_ 2 %!2 AL asin?ilo-loygup)16/2)
me [o- (g toy) 2

T]lus, 2 2 2
1 _ m
R(2) = 44 [(;_c) I] AL zlwtu). (42)

Using Egs. (17) and (19) with (42) gives the absorption coefficient for frequencies

near w = wWigtwh

2 |2 2l 2cl Aw
1.2 (0 = ane? [G%J é% —y — e wty) -

Nw nbwb

nnbmzmwb2 (43)

"
.
o0
=
E
w
e
Fly
nN
‘m:\
>
(Al
=
€
1
£
-
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Finally, the double-photon, 2w, absorption coefficient is desired. The inter-
esting term in Eq. (12)is

2,(2)(t) [mc] ZK §QQ upp) s §k1 wphy)  expl-i(2wp-wyq)]-1 (44)

-1(wb-w

g) -1(2wb wkg)

Using the same assumptions that lead to Eq. (40) results in

2 exp[-i(2wp-w, - )t]-1
2,(2) ¢y = [ & m_ (Ax)2 b™“kq (45)
PR [”‘C 2 -1 (20 -y g)
which results in the transition rate
2 (2) = e 2 m 2 * 4
R 2“[(mc) ?—ﬁ} A2l e(2a,) (46)
Replacing in Eq. (30) glves N2 1.4
2(2)(20,) = 16> (&) o £(20y).
Ac mzniwz (47)

Notice that Eq. (43) becomes Eq. (47) in the limit w = ws, as it should.

DISCUSSION OF RESULTS

Equations (43) and (47) are identical, except for a constant factor, with
Kleinman’s expressions for a two-photon absorption process. Equation (47) was
used by Kaiser and Garrett (1961) to discuss their double-photon absorption
experiment in CaF,:Eu**. This appears to be proper even though there is
probably an appreciable dipole matrix element connecting the ground state with
the 2)’b state (3472 A, half the ruby laser wavelength). If the dipole matrix ele-
ment is appreciable, Eq. (31) (or Eq. (35) ) will apply. On the other hand, the
assumptions leadmg to Eq. (47) are probably fairly good and since Eq. (47) is
much greater (ratio is mc?/fiicws it will dominate in describing the process.

To estimate the probability of two-photon absorption, we compare its ab-
sorption coefficient to that for a single-photon absorption. That is, we take the
ratio of Egs. (43) and (24)

]u(z)(w) 4 e2 ’ﬁ I
= T 2 .
S %E nbmzwmb kgle i (48)
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Suppose & = (1,0,0), then wiyl& f]* = wigl Xusl* =i fis/2m where Eq. (32)s used

Hence, Eq. (48) becomes
Sa c nbmwwakg (49)

One can estimate expression (49) by using the following nominal values for a
rare earth ion in a crystal lattice where f*—>f" transitions can be considered,
Then we have

2 2ncC
g_=]_’ IwaOMw, np v 1.5, 0o =2x10]55ec']
c 137 1 micron)
27l
wp v = 3 x 1015 sec1, and fro ™ 107®
(.7 micron) g

The ratio then takes the value of 1073. By focusing the laser it is possible to in-
crease I to the extent that the ratio (Eq. (49) ) becomes of the order of unity.
Thus, one would expect an absorption of the weaker source at frequency wi, -
ws just as strong as that which occurs at frequency wk, in an ordinary absorp-
tion experiment. The practical difficulty here is that focusing the laser decreases
the effective size of the sample to ™~ 10™* cm?® (if the sample is 1 mm thick).

At least two problems must be avoided if the effect for which the previously
noted cross-section [a,»,] applies is not to be obscured. First, care must be taken
to choose a system which has no states of energy E = hv above the ground state
where v is the source or pump frequency. Secondly, in order to exclude the
complications of second harmonic generation followed by single-photon absorp-
tion at the second harmonic frequency it is best to choose a system with inver-
sion symmetry. The second harmonic susceptibility coefficient is zero if one uses
a system having inversion symmetry. Since P2, = X(2w)E?, where P2. = polari-
zation, x = susceptibility, E = electric field. In the case of inversion symmetry
reversing the field leaves P2, invariant. Hence, -P2. = X(2w) (-E)* = X(2w)E* =
P2.,, which implies X(2w)=0.

HISTORICAL NOTE

J. B. Gruber began this study nearly ten years ago at Washington State Uni-
versity, Pullman, with assistance from graduate students T. R. Stoner and D.
N. Olsen at WSU. Part of the present manuscript was submitted on behalf of
T. R. Stoner to WSU in partial fulfillment of the Ph.D. degree in physics
awarded posthumously in 1970. Details of the calculation have not been pub-
lished elsewhere. Subsequent research in this area is being continued by J. B.
Gruber at North Dakota State University with assistance from graduate students
E. D. Larson and ]J. Daly.
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Appendix A. Matrix Element B* n(vil)
Taking the first nonvanishing term in Bma(vii) gives

Tdx, - _ >
an(vn) = <m|v|n>

The unperturbed Hamiltonian is

2 2
_ P _ A2
Ho = m*V=-2q7 *V
N
Hor = Vr
£,
rHO=-2—m'rv +rV

Assuming [f,V] =0

o]+ - L e - o] (A1)
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A typical term in the last term in (Al)is
d 2 ¥
3y A Xg¥ - 2y St + 2% X2y
[¢3 [¢3 a a a
=quw+ an\P+XBaxaxw
a a a
_ 28 X3 3 ¥
= aB x, + B X, X,
Hence,
0% = 7ol 4 2v
so (A1) becomes N -
V== r,H]
2 0
so that
->d* - m_ > _ m > _ mwmn N
an(vn) 62 <m| r,Ho:l [n> = -‘6_2 (En'Em)rmn 7 Tm - (A2)
Appendix B.

In determining Equation 11, a total of sixty terms were dropped. The justifica-
tion for this is readily seen by comparing the largest neglected term to the
smallest retained term.

Retained was:

ie? Z K'gzg(“bﬁb) K'Tgkg’(wai‘b)

mécl g (wb'hn

exp[i(Zwb+w 1t] - exp[i(w +“’k9.)t]

29 ke b

2g)
Neglected was:

VYA -
et E (A5 Ag) ng(zwbnb
2.4 -
Mméc™ 2 (Zwb wlg)

)Ckz(zmbﬁb)

exp[-i (3wb-ng)t] - exp(—imbt)

Considering one term in each expansion and the amplitude only, we must
show that
-iRB, (w.n ) AB, (wn) 2 (RxR0)2c (20 f )C, (20.h))
LT M 0 YA T N L b b’ “pq' “b"b’ ks <"
wb+w£g 4hC2

Zwb-wlg
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>
-AB)C

Ceg b’ e b zq(zwb"b)

2w, -w

“b™eq b 29

This can be done quite simply by using hydrogenic wave functions to deter-
mine the matrix elements. One finds that the inequality does hold.



