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APPENDIX A
FLORA AND FAUNA

Appendix A consists of two parts. The first, Appendix A-1, is a composite

listing of Rocky Flats flora and fauna generated by on-site and off-site researchers.

The second document, Appendix A-2, is a reproduction of a three-year summary

report of Colorado State University researchers.







APPENDIX A-1

LIST OF FLORA AND FAUNA AT ROCKY FLATS

Numerous species of animal and plant life have been identified in the Rocky Flats

area. None are classified as rare or endangered.

Rocky Flats floras have been identified (Table A-1) through an on-site inventory by
Dr. W. A. Weber, et al., (Weber, 1974), from the University of Colorado. The inven-
tory revealed 327 species of vascular plants, 25 lichens, 16 bryophytes, and one

macroscopic green algae.

The species listed in Table A-1 are documented by specimens on permanent file in the
University of Colorado Museum herbarium. A second set, complete except for species
that were in extremely short supply, was deposited with the management of the Rocky
Flats Plant. Duplicate collections of the bryophytes and lichens were not prepared
for on-site documentation, however, these specimens are on permanent file in the
University of Colorado Museum herbarium.

Table A-1 is divided into four sections: vascular plants, bryophytes, lichens, and
macroscopic green algae. The list within each section is arranged alphabetically by
species, with the family indicated secondarily. In addition, square brackets are
used to identify some species reported by Dr. Whicker of CSU, (Whicker, 1973) but
which Weber did not find in his inventory.

Abbreviations used in Table A-1 are as follows:

ADV-Adventive BIEN-Biennial PER-Perennial
AN-Annual IND-Indigenous

Shown in Tables A-2 and A-3 is a listing of fauna at Rocky Flats, which was generated
from observations of CSU researchers (Whicker, 1974), and those of a Rocky Flats'
biologist (Zillich, 1974). Fish known to occur at Rocky Flats were identified by
Zillich (1974) and are listed in Table A-4. Other species of aquatic life within
the Plant site were identified by Johnson, et al., (1974), and are also listed in
Table A-4.

A-1-1
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TABLE A-1

PLANTS KNOWN TO OCCUR AT THE ROCKY FLATS SITE

Vascular Plants (327 Species)

ACHILLEA LANULOSA Nutt. '"Yarrow' (Compositae). IND PER

AGOSERIS GLAUCA (Pursh) Raf. '"False Dandelion'" (Compositae). IND PER

AGRIMONIA STRIATA Michx. "Agrimony'" (Rosaceae). IND PER

AGROPYRON DESERTORUM (Fisch.) Schult. ''Crested Wheatgrass' (Gramineae). ADV PER

AGROPYRON REPENS (L.) P.Beauv. "'Quack-Grass' (Gramineae). ADV PER

AGROPYRON SMITHII Rydberg. '"Western Wheat-grass' (Gramineae). IND PER

AGROPYRON TRACHYCAULUM (Link) Malte. "Slender Wheat-grass' (Gramineae). IND PER

AGROSTIS GIGANTEA Roth (A.alba of American treatments). ''Red-top'" (Gramineae). ADV PER

ALISMA PLANTAGO-AQUATICA L. ssp. BREVIPES (Greene) Samuelsson. ''Water-plantain'' (Alismaceae). IND
PER ALLIUM CERNUUM Roth. ''Nodding Onion'" (Liliaceae). IND PER

ALLIUM TEXTILE Nels. and Macbr. "Plains Wild Onion'" (Liliaceae). IND PER

ALYSSUM ALYSSOIDES L. "Sweet Alyssum'" (Cruciferae). ADV

ALYSSUM MINUS (L.) Rothmaler. "Alyssum' (Cruciferae). ADV

AMBROSIA ARTEMISIIFOLIA L. '""Roman wormwood' (Compositae). ADV AN

AMBROSIA PSILOSTACHYA DC. '"Western wormwood' (Compositae). IND PER

AMBROSIA TRIFIDA L. "Giant Ragweed" (Compositae). ADV AN

AMEIANCHIER ALNIFOLIA Nutt. ''Shadbush' or '"Serviceberry' (Rosaceae). IND

AMORPHA FRUTICOSA L. var. OCCIDENTALIS (Abrams) Kearney and Peebles. ''Lead-plant' (Leguminosae). IND

[Amorpha nana.] In the absence of a voucher, we suspect that this is a misidentification of
Amorpha fruticosa.

ANDROPOGON GERARDII Vitm. "Big Bluestem' (Gramineae). IND PER

[Andropogon hallii.] We suspect this report to be a misidentification of A.gerardii. A.hallii has
not yet been found in the Boulder area and is typical of sand dune areas to the east.

ANDROSACE OCCIDENTALIS Pursh. "Western rock-primrose'" (Primulaceae). IND AN
ANEMONE CYLINDRICA Gray. '"Thimbleweed' (Ranunculaceae). IND PER

ANTENNARIA PARVIFOLIA Nutt. ''Pussytoes' (Compositae). IND PER

ARABIS FENDLERI (Wats.) Greene. '"Rock Cress'" (Cruciferae). IND PER

ARABIS GLABRA (L.) Bernh. "Tower Mustard" (Cruciferae). ADV BIEN

ARABIS HIRSUTA (L.) Scop. "Hairy Rock-cress' (Cruciferae). IND

ARENARTA FENDLERI Gray. "'Sandwort' (Caryophyllaceae). IND PER

ARGEMONE POLYANTHEMOS (Fedde) G.B. Ownbey. 'Prickly Poppy'" (Papaveraceae). IND BIEN
ARISTIDA BASIRAMEA Engelm. "Harvard Three-awn' (Gramineae). IND AN
ARISTIDA LONGISETA Steud. '"Red Three-awn' (Gramineae). IND PER

ARNICA FULGENS Pursh. '"Orange Arnica' (Compositae). IND PER

ARTEMISIA CAMPESTRIS L. "Field Wormwood'" (Compositae). IND PER

ARTEMISTA DRACUNCULUS L. "Linear-leaved Wormwood' (Compositae). IND PER
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TABLE A-1 (continued)

ARTEMISTA DRACUNCULUS L. '"Linear-leaved Wormwood' (Compositae). IND PER
ARTEMISIA FRIGIDA Willd. '"Pasture Sagebrush' (Compositae). IND PER
ARTEMISIA LUDOVICIANA Nutt. ssp. LUDOVICIANA

ASCLEPIAS SPECIOSA Torr. ''Showy Milkweed' (Asclepiadaceae). IND PER

[Asclepias stenophylla.] We undoubtedly overlooked this species, which occurs very
sporadically and never occurs in large numbers.

ASCLEPIAS VIRIDIFLORA Raf. "Green Milkweed' (Asclepiadaceae). IND PER
ASPARAGUS OFFICINALIS L. '"Asparagus' (Liliaceae). ADV PER

[Aster commutatus crassulus.] _ Aster falcatus Lindley. Very late-flowering species which we may
well have missed. However, there Is also the possibility of a misidentification of Aster porteri.

[Aster ericoides.] See note under A.commutatus. Both species should occur in the area.
ASTER PORTERI Gray. "White Aster' (Compositae). IND PER

ASTRAGALUS ADSURGENS Pall. var. ROBUSTIOR Hook. "Milk Vetch' (Leguminosae). IND PER
ASTRAGALUS BISULCATUS (Hook.) Gray. '"Two-grooved Milk Vetch" (Leguminosae). IND PER
ASTRAGALUS CRASSICARPUS Nutt. "Ground-plum'' (Leguminosae). IND PER

ASTRAGALUS DASYGLOTTIS Fisch. ex DC. "Milk Vetch'" (Leguminosae). IND PER

ASTRAGALUS DRUMMONDII Dougl. ex Hook. '"Milk Vetch' (Leguminosae). IND PER
ASTRAGALUS FLEXUOSUS (Dougl.) Don. 'Milk Vetch'" (Leguminosae). IND PER

ASTRAGALUS SHORTIANUS Gray. 'Milk Vetch" (Leguminosae). IND PER

BARBAREA ORTHOCERAS Ledeb. 'Winter Cress'" (Cruciferae). IND PER

BIDENS CERNUS L. '"Nodding Bur-marigold" (Compositae). IND AN

BOUTELOUA GRACILIS (H.B.K.) Lag. '"Blue Grama' (Gramineae). IND PER

BOUTELOUA CURTIPENDULA (Michx.) Torr. ''Side-oats Grama' (Gramineae). IND PER
BROMUS BRIZAEFORMIS F. and M. "Rattlesnake Grass' (Gramineae). ADV AN

BROMUS INERMIS Leyss. ''Smooth Brome' (Gramineae). ADV PER

BROMUS JAPONICUS Thunb. ''Japanese Brome' (Gramineae). ADV AN

BROMUS TECTORUM L. ''Cheat-grass' (Gramineae). ADV AN

BUCHLOE DACTYLOIDES (Nutt.) Engelm. '"Buffalo Grass' (Gramineae). IND PER
CALLITRICHE PALUSTRIS L. 'Water Starwort' (Callitrichaceae). IND AN

CALOCHORTUS GUNNISONII Wats. "Mariposa or Sego Lily'" (Liliaceae). IND PER
CALYLOPHUS SERRULATA (Nutt.) Raven. '"Bushy Evening-Primrose' (Onagraceae). IND PER

CALYSTEGIA SEPIUM (L.) R.Br. ssp. AMERICANUM (Sims) Brummitt. 'Hedge Bindweed'" (Congolvulaceae).
IND PER

CAMELINA MICROCARPA Andrz. ''False Flax'' (Cruciferae). ADV AN

CAMPANULA ROTUNDIFOLIA L. ''Common Harebell' (Campanulaceae). IND PER

CARDARIA DRABA (L.) Desv. "Whiteweed" (Cruciferae). ADV PER

CARDUUS NUTANS L. ssp. MACROLEPIS (Peterm.) Kazmi. '"Nodding Thistle'" (Compositae). ADV BIEN
CAREX ATHROSTACHYA Olney. ''Sedge' (Cyperaceae). IND PER

CAREX AUREA Nutt. "Sedge' (Cyperaceae). IND PER

CAREX BREVIOR (Dewey) Mack. ''Sedge' (Cyperaceae). IND PER




TABLE A-1 (continued)

CAREX DOUGLASII Boott in Hook. ''Sedge' (Cyperaceae). IND PER

[Carex filifolia.] We suspect that this report refers to Carex oreocharis.

CAREX HELIOPHILA Mack. ''Sedge'' (Cyperaceae). IND PER

CAREX HYSTRICINA Muehl. '"Bottle-brush Sedge" (Chperaceae). IND(?)PER

CAREX INTERIOR L.H. Bailey. "Sedge" (Cyperaceae). IND PER

CAREX LANUGINOSA Michx. ''Sedge' (Cyperaceae). IND PER

CAREX NEBRASKENSIS Dewey. ''Sedge' (Cyperaceae). IND PER

CAREX OREOCHARIS Holm. ''Sedge' (Cyperaceae). IND PER

CAREX PRAEGRACILIS Boott. '"'Sedge' (Cyperaceae). IND PER

CAREX SCOPARIA Schkuhr. ''Sedge' (Cyperaceae). IND PER

CAREX SIMULATA Mack. ''Sedge' (Cyperaceae). IND PER

CAREX STENOPHYLLA Wahlenb. ssp. ELEOCHARIS (L.H. Bailey) Hulten. ''Sedge' (Cyperaceae). IND PER
CAREX STIPATA Muehl. "'Sedge' (Cyperaceae). IND PER

CAREX UTRICULATA Boott. ''Sedge' (Cyperaceae). IND PER

CASTILLEJA INTEGRA Gray. ''Orange Paintbrush'" (Scrophulariaceae). IND PER

CASTILLEJA SESSILIFLORA Pursh. 'Plains Paintbrush' (Scrophulariaceae). IND PER

CENCHRUS LONGISPINUS (Hack. in Kneuck.) Fern. ''Sand Bur'' (Gramineae). IND PER

CERASTIUM ARVENSE L. "Field Mouse-ear' (Caryophyllaceae). IND PER

CERASTIUM FONTANUM Baumg. '"Mouse-ear' (Caryophyllaceae). ADV PER

CERASTIUM NUTANS Raf. var. BRACHYPODUM Engelm. ''Mouse-ear'' (Caryophyllaceae). IND AN
[Cercocarpus montanus.] We did not find this conspicuous shrub and feel obliged to doubt the report.
CHAMAESYCE GLYPTOSPERMA (Engelm.) Small. ''Thyme-leaved Spurge' (Euphorbiaceae). IND AN
CHENOPODIUM ALBUM L. ''Common Pigweed' (Chenopodiaceae). ADV AN

CHENOPODIUM BOTRYS L. "Jerusalem-oak' (Chenopodiaceae). ADV AN

CHENOPODIUM LEPTOPHYLLUM (Moq.) Wats. 'Narrow-leaved Goose-foot' (Chenopodiaceae). IND AN
[Chrysopsis villosa.] This is the same as Heterotheca villosa.

[Chrysothamnus nauseosus pinifolius.] We do not believe that we could have overlooked this conspicuous
shrub, and we suggest that this was possibly based on a misidentification of Gutierrezia sarothrae.

CICHORIUM INTYBUS L. '"Chicory'" (Compositae). ADV PER

CIRSIUM ARVENSE (L.) Scop. 'Canada Thistle'" (Compositae). ADV PER

CIRSIUM OCHROCENTRUM Gray. "'Thistle.' IND BIEN

CIRSIUM UNDULATUM (Nutt.) Spreng. '"Wavy-leaved Thistle' (Compositae). IND BIEN
CLEMATIS LIGUSTICIFOLIA Nutt. ‘Western Virgin's-bower'" (Ranunculaceae). IND
COLLINSIA PARVIFLORA Lindl. ''Baby-blue-eyes' (Scrophulariaceac. IND AN
COLLOMIA LINEARIS Nutt. '"Collomia' (Polemoniaceae). IND AN

COMANDRA UMBELLATA (L.) Nutt. '"Bastard Toadflax' (Santalaceae). IND PER
CONVOLVULUS ARVENSIS L. ''Bindweed; Creeping-Jenny' (Convolvulaceae). ADV PER
CORYPHANTHA MISSOURIENSIS (Sweet) Britt. and Rose. 'Nipple Cactus' (Cactaceae). IND PER
CRATAEGUS ERYTHROPODA Ashe. 'Hawthorn' (Rosaceae). IND
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TABLE A-1 (continued)

CREPIS OCCIDENTALIS Nutt. 'Hawksbeard' (Compositae). IND PER
CREPIS RUNCINATA T. and G. '"Hawksbeard' (Compositae). IND PER
CUSCUTA APPROXIMATA Bab. '"Dodder' (Convolvulaceae). IND AN
CYNOGLOSSUM OFFICINALE L. "Hound's-tongue' (Borginaceae). ADV BIEN

[Cyperus filiculmis.] We doubt that this species occurs in the area, but in the absence of a voucher
specimen, we cannot guess what other species might have been mistaken for it.

DACTYLIS GLOMERATA L. '"Orchard Grass' (Gramineae). ADV PER

DALEA CANDIDA Willd. '"Prairie-clover'" (Leguminosae). IND PER

DALEA PURPUREA Vent. 'Prairie-clover' (Leguminosae). IND PER

DELPHINIUM NELSONII Greene. ''Larkspur' (Ranunculéceae). IND PER

DELPHINUM VIRESCENS Nutt. 'Plains Larkspur' (Ranunculaceae). IND PER
DESCURAINIA PINNATA (Walt.) Britt. '"Tansy Mustard" (Cruciferae). IND AN
DESCURAINIA SOPHIA (L.) Webb. "Tansy Mustard'" (Cruciferae). ADV AN
DODECATHEON PULCHELLUM (Raf.) Merrill. ''Shooting-star' (Primulaceae). IND PER
DYSSODIA PAPPOSA (Vent.) Hitchc. '"Fetid Marigold" (Compositae). IND AN
ECHINOCEREUS VIRIDIFLORUS Engelm. 'Hen-and-chickens' (Cactaceae). IND PER
ECHINOCHLOA CRUS-GALLI (L.) P. Beauv. "Barnyard Grass' (Gramineae). ADV AN
ELEOCHARIS COLORADOENSIS (Britt.) Gilly. "Spike-rush'' (Cyperaceae). IND PER
ELEOCHARIS ELLIPTICA Kunth var. COMPRESSA (Sull.) Drap. and Mohl. ''Spike-rush' (Cyperaceae). IND PER
ELEOCHARIS MACROSTACHYA Britt. "Spike-rush'" (Cyperaceae). IND PER

ELYMUS CANADENSIS L. ''Canada Wild-rye'" (Gramineae). IND PER

EPILOBIUM ADENOCAULON Hausskn. 'Northern Willow-herb' (Cnagraceae). IND PER
EPILOBIUM PANICULATUM Nutt. '"Panicled Willow-herb' (Onagraceae). IND AN
EQUISETUM LAEVIGATUM A. Br. "'Scouring-rush' (Equisetaceae). IND PER

ERIGERON CANUS Gray. ''Fleabane' (Compositae). IND PER

ERIGERON DIVERGENS T. and G. ''Spreading Fleabane' (Compositae). IND AN BIEN
ERIGERON FLAGELLARIS Gray. "'Trailing Fleabane' (Compositae). IND PER
ERIGERON PUMILUS Nutt. ''Low Daisy' (Compositae). IND PER

[Erigeron speciosus.] This report must represent a misidentification, most likely of Erigeron

strigosus.
ERIGERON STRIGOSUS Muehl. ''Daisy Fleabane' (Compositae). ADV AN BAINE PER

ERIOGONUM ALATUM Torr. ''Winged Eriogonum' (Polygonaceae). IND PER BIEN

ERIOGONUM UMBELLATUM Torr. ''Sulphur-flower' (Polygonaceae). IND PER

ERODIUM CICUTARIUM (L.) L'Her. '""Filaree" (Geraniaceae). ADV PER

ERYSIMUM ASPERUM (Nutt.) DC. '"Western Wallflower' (Cruciferae). IND BIEN PER
[Euphorbia dictyosperma.] We have only found this species outside the site boundary.

EUPHORBIA MARGINATA Pursh. ''Snow-on-the-Mountain'' (Euphorbiaceae). IND AN
EUPHORBIA ROBUSTA (Engelm.) Small. '""Rocky Mountain Spurge' (Euphorbiaceae). IND PER
FESTUCA PRATENSIS Huds. '"Meadow Fescue'' (Gramineae). ADV PER

FRASERA SPECIOSA Dougl. "Monument Plant' (Gentianaceae). IND PER




TABLE A-1 (continued)

GAILLARDIA ARISTATA Pursh. ''Blanket-flower' (Compositae). IND PER
GALIUM APARINE L. '"Cleavers' (Rubiaceae). IND AN

GALIUM BOREALE L. 'Northern Bedstraw'" (Rubiaceae). IND PER

GAURA COCCINEA Nutt. ''Scarlet Gaura' (Onagraceae). IND PER
GENTIANA AFFINIS GRISEB. IND PER

GERANIUM CAESPITOSUM James (G. fremontii of Colorado literature). 'Wild Geranium'' (Geraniaceae).
IND PER

GILIA OPHTHAIMOIDES brand ssp. CLOKEYI (MASON) A. and V. Grant. '"Gilia'" (Polemoniaceae). IND AN

GLYCERIA MAXIMA (Hartm.) Holmboe ssp. GRANDIS (Wats.) Hulten. "American Manna-grass' (Gramineae).
IND PER

GLYCERIA STRIATA (Lam.) Hitchc. '"Fowl Manna-grass'' (Gramineae). IND PER

GLYCYRRHIZA LEPIDOTA (Nutt.) Pursh. 'Wild Liquorice' (Leguminosae). IND PER
GRINDELIA SQUARROSA (Pursh.) Dunal. "Gumweed'' (Compositae). IND BIEN

GUTIERREZIA SAROTHRA E (Pursh.) Britt. and Rusby. ''Snakeweed' (Compositae). IND PER
HARBOURIA TRACHYPLEURA (Gray) C. and R. '"Whiskbroom Parsley' (Umbelliferae). IND PER
HEDEOMA HISPIDUM Pursh. 'Pennyroyal' (Labiatae). IND AN

HELIANTHUS ANNUUS L. "'Common Sunflower' (Compositae). IND AN

[Helianthus petiolaris.] We may have overlooked this species, which is very similar to H. annuus. Both
species and hybrids between them occur commonly in the Boulder area.

HELIANTHUS PUMILUS Nutt. "'Sunflower' (Compositae). IND PER

HERACLEUM LANATUM Michx. '"Cow Parsnip' (Umbelliferae). IND BIEN PER
HETEROTHECA VILLOSA (Pursh.) Shinners. ''Golden Aster' (Compositae). IND PER
HEUCHERA PARVIFOLIA Nutt. "Alum-root' (Saxifragaceae). IND PER

HORDEUM JUBATUM L '"Foxtail Barley' (Gramineae). IND PER

HYDROPHYLLUM FENDLERI (Gray) Heller. 'Waterlead' (Hydrophyllaceae). IND PER
HYMEMOPAPPUS FILIFOLIUS Nutt. (Compositae). IND PER

HYPERICUM PERFORATUM L. 'Klamath Weed'' (Hypericaceae). ADV PER

IPOMOPSIS SPICATA (Nutt.) V. Grant. '"'Spike Bilia'"' (Polemoniaceae). IND BIEN
IRIS MISSOURIENSIS Nutt. 'Wild Iris" (Iridaceae). IND PER

JUNCUS ARCTICUS Willd. ssp. ATER (Rydb.) Hulten. ''Baltic Rush'" (Juncaceae). IND PER
[Juncus balticus.] - Juncus arcticus ssp. ater.

JUNCUS BUFONIUS L. "Toad Rush" (Juncaceae). IND AN

JUNCUS DUDLEYI Wieg. "Rush' (Juncaceae). IND PER

JUNCUS NODOSUS L. '"Rush'" (Juncaceae). IND PER

JUNCUS SACIMONTANUS A. Nels. '"Rush'"' (Juncaceae). IND PER

JUNCUS SPHAEROCARPUS Nees. ''Toad Rush'" (Juncaceae). ADV AN

JUNCUS TORREYI Cov. "Rush' (Juncaceae). IND PER

JUNCUS TRACYI Rydb. "Rush' (Juncaceae). IND PER

[Kochia iranica.] This is the most abundant ruderal weed in the Boulder area. We did not see it in
our 1nventory, but it probably occurs, most likely in the vicinity of buildings within the security
fence.




TABLE A-1 (continued)

KOELERIA GRACILIS Pers. "June Grass' (Gramineae). IND PER

LACTUCA SERRIOLA L. "Prickly Lettuce'" (Compositae). ADV AN

LAPPULA REDOWSKII (Hornem.) GREENE. '"Beggar's Tick" (Boraginaceae). IND AN
LATHYRUS EUCOSMUS Butters and St. Joh. '"Pea-vine'" (Leguminosae). IND PER
LEMNA MINOR L. "Duckweed: (Lemnaceae). IND AN PER

LEPIDIUM CAMPESTRE (L.) R. Br. '"Field Cress" (Cruciferae). ADV AN

[Lepidium densiflorum.] This undoubtedly occurs as a weed in the area, possibly within the plant
enclosure. We did not see it in the area which we covered.

LESQUERELLA MONTANA (Gray) Wats. 'Mountain Bladder-Pod" (Cruciferae). IND PER
LEUCANTHEMUM VULGARE Lam. '"'Ox-eye Daisy' (Compositae). ADV PER

LEUCOCRINUM MONTANUM Nutt. ''Sand Lily" (Liliaceae). IND PER

LIATRIS PUNCTATA Hook. ''Blazing Star" (Compositae). IND PER

LINARIA DAIMATICA (L.) Mill. "Butter-and-eggs' (Scrophulariaceae). ADV PER
LINUM LEWISH Pursh. '"Wild Blue Flax" (Linaceae). IND PER

LITHOSPERMUM INCISUM Lehm. '"Narrow-leaved Puccoon' (Boraginaceae). IND PER
LOMATIUM ORIENTALE C. and R. ''Salt-and-pepper' (Umbelliferae). IND PER

LUPINUS ARGENTEUS Pursh. '"Lupine'" (Leguminosae). IND PER

LYSIMACHIA CILIATA L. "Fringed Loosestrife" (Primulaceae). IND PER

LYTHRUM ALATUM Pursh. "Winged Loosestrife' (Lythraceae). IND PER

MAHONIA REPENS (Lindl.) G. Don. ''Oregon-grape' (Berberidaceae). IND

MEDICAGO LUPULINA L. '"Black Medic" (Leguminosae). ADV PER

MELANDRIUM DIOICUM (L.) Coss. and Germ. '""White Campion' (Caryophyllaceae). ADV PER
MELANDRIUM DRUMMONDII (Hook.) Hulten. '"Campion'" (Caryophyllaceae). IND PER
MELILOTUS ALBA Desr. White Sweet-clover'" (Leguminosae). ADV AN BIEN

MELILOTUS OFFICINALIS (L.) Lam. '"Yellow Sweet-clover" (Leguinosae). ADV AN BIEN
MENTHA ARVENSIS L. "Field Mint" (Labiatae). IND PER

MERTENSTA LANCEOLATA (Pursh.) A. DC. "Narrow-leaved Mertensia'" (Boraginaceae). IND PER
MIMULUS FLORIBUNDUS Doubl. "Monkey-flower'" (Scrophulariaceae). IND AN

MIMULUS GLABRATUS H.B.K. ''Smooth Monkey-flower" (Scrophulariaceae). IND PER
MONARADA FISTULOSA L. "Pink Bergamot' (Labiatae). IND PER

MUHLENBERGIA MONTANA (Nutt.) Hitche. "Mountain Muhly" (Gramineae). IND PER
MUSINEON DIVARICATUM (Pursh.) Raf. '"Musineon'" (Umbelliferae). IND PER

MYOSURUS MINIMUS L. "Mousetail" (Ranunculaceae). IND AN

NASTURTIUM OFFICINAL R. Br. (formerly called Rorippa nasturtium-aquaticum [L.] Schinz and Thell.)
"Water Cress" (Cruciferae). IND PER

NAVARRETTA MINIMA Nutt. 'Navarretia' (Polemoniaceae). ADV (in our area at least) AN
NEPETA CATARIA L. "Catnip" (Labiatae). ADV PER

NOTHOCALAIS CUSPIDATA (Pursh.) Greene. "False Dandelion' (Compositae). IND PER
OENOTHERA BRACHYCARPA Gray. "Yellow Stemless Evening-primrose' (Onagraceae). IND PER
OENOTHERA FLAVA (A. Nels.) Munz. "Evening-primrose' (Onagraceae). IND PER




TABLE A-1 (continued)

OENOTHERA STRIGOSA (Rydb.) Mack. and Bush. "Tall Evening-primrose' (Onagraceae). IND BIEN
ONOSMODIUM MOLLE Michx. var. OCCIDENTALIS (Mack.) Johnston. "False Gronwell' (Boraginaceae). IND PER
OPUNTIA COMPRESSA (Salisb.) Macbr. '"Prickly-pear Cactus' (Cactaceae). IND PER

OPUNTIA FRAGILIS (Nutt.) Haw. "Brittle Cactus'" (Cactaceae). IND PER

OPUNTIA POLYACANTHA Haw. ''Starvation Cactus' (Cactaceae). IND PER

{Opuntia rafinesquei.] - 0. compressa.

OROBANCHE FASCICULATA Nutt. ''Clustered Cancer-root' (Orobanchaceae). IND AN

OXALIS DILLENII Jacq. '"Wood-sorrel" (Oxalidaceae). IND PER

OXYBAPHUS LINEARIS (Pursh.) Robinson. '"Narrow-leaved Umbrella-wort' (Nyctaginaceae). IND PER

OXYBAPHUS NYCTAGINEUS (Michx.) Porter and Coulter. 'Heart-leaved Umbrella-wort' (Nyctaginaceae).
IND PER

OXYTROPIS LAMBERTII Pursh. '"Colorado Loco'" (Leguminosae). IND PER

PANICUM CAPILLARE L. '"Witchgrass'" (Gramineae). IND PER

PANICUM OLIGOSANTHES Schult. "Panic-grass' (Gramineae). IND PER

PANICUM VIRGATUM L. ''Switchgrass' (Gramineae). IND PER

PARONYCHIA JAMESII T. and G. '"Nailwort'" (Caryophyllaceae). IND PER

PEDIOCACTUS SIMPSONII (Engelm.) Britt, and Rose. "Mountain Ball Cactus' (Cactaceae). IND PER
[Penstemon angustifolinus.] We suspect this report to be a misidentification of Penstemon virgatus

ssp. asagrayl,
PENSTEMON VIRENS Pennell. "Penstemon' (Scrophulariaceae). IND PER

PENSTEMON VIRGATUS Gray ssp. ASA-GRAYI Crosswhite. ''One-sided Penstemon' (Scrophulariaceae). IND PER
PERSICARIA LAPATHIFOLIA (L.) S.F. GRAY. "Smartweed' (Polygonaceae). ADV AN
PERISCIARIA MACULATA (Raf.) S.F. Gray. '"Lady's Thumb'" (Polygonaceae). ADV PER
[Petalostemon purpureus.] - Dalea purpurea.

PHACELIA HETEROPHYLLA Pursh. ''Scorpion Weed' (Hydrophyllaceae). IND PER
PHLEUM PRATENSE L. "Timothy' (Gramineae). ADV PER

PHYLA CUNEIFOLIA (Torr.) Greene ''Fog-fruit' (Verbenaceae). IND PER

PHYSALIS LOBATA Torr. '"Purple-flowered Ground-cherry' (Solanaceae). IND PER
PHYSALIS VIRGINIANA Mill. "Ground-cherry (Solanaceae). IND PER

PHYSOCARPUS MONOGYNUS (Torr.) Coult. '"Ninebark' (Rosaceae). IND

PINUS PONDEROSA Laws. var. SCOPULORUM Engelm. '"Ponderosa Pine" (Pinaceae). IND
PLANTAGO LANCEOLATA L. "English Plantain" (Plantaginaceae). ADV BIEN PER
PLANTAGO PATAGONICA Jacq. 'Woolly Plantain'' (Plantaginaceae). IND AN

POA CANBYI (Scribn.) Piper. "'Blue-grass' (Gramineae). IND PER

POA COMPRESSA L. ''Canada Blue-grass' (Gramineae). IND PER

PODOSPERMUM LACINIATUM (L.) DC. (Compositae). ADV BIEN PER

POLYGONUM DOUGLASII Greene. '"Knotweed' (Polygonaceae). IND AN

POLYPOGON MONSPELIENSIS (L.) Desf. '"Rabbitfoot Grass' (Gramineae). ADV AN
POPULUS SARGENTII Dode. '"Plains Cottonwood' (Salicaceae). IND

POTAMOGETON NATANS L. '"Pondweed' (Potamogenonaceae). IND PER
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TABLE A-1 (continued)

POTENTILLA FISSA Nutt. ''Sticky Cinquefoil" (Rosaceae). IND PER

POTENTILLA GRACILIS Dougl. ex Hook. '"Cinquefoil" (Rosaceae). IND PER

POTENTILLA HIPPIANA Lelm. 'Woolly Cinquefoil' (Rosaceae). IND PER

PRUNELLA VULGARIS L. "Self-heal; Heal-all" (Labiatae). IND PER

PRUNUS AMERICANA MARSH. '"Wild Plun" (Rosaceae). IND

PRUNUS VIRGINIANA L. var. MELANOCARPA (A. Nels.) Sarg. ''Choke-cherry' (Rosaceae). IND
PSORALEA TENUIFLORA Pursh. (Leguminosae). IND PER

PYRUS MALUS L. "Apple'" (Rosaceae). ADV

RANUNCULUS AQUATILIS L. "Water Crowfoot' (Ranunculaceae). IND PER

[Ranunculus glaberrimus.] We do not believe this occurs on the site, but have no
1dea what other species might be meant.

RANUNCULUS MACOUNII Britt. '"Buttercup'" (Ranunculaceae). IND PER

RATIBIDA COLUMNIFERA (Nutt.) Woot. and Standl. "Prairie Cone-flower' (Compositae). IND PER

RHUS TRILOBATA Nutt. ''Skunkbrush'" (Anacardiaceae). IND

RIBES AUREUM Pursh. '"Golden Currant' (Grossulariaceae). IND

[Rorippa islandica.] The report undoubtedly refers to Rorippa palustris ssp. hispida.

RORIPPA PALUSTRIS (L.) Besser ssp. HISPIDA (Desv.) Jonsell. 'Yellow-cress' (Cruciferae). IND AN BIEN
ROSA ARKANSANA Porter. '""Wild Prairie Rose' (Rosaceae). IND

‘RUBUS IDAEUS L var. STRIGOSUS fMichx.) Maxim. '""Wild Raspberry' (Rosaceae). IND

RUDBECKIA HIRTA L. '"Black-eyed Susan' (Compositae). IND PER

RUDBECKIA LACINIATA L. var. AMPLA (A. Nels) Cronquist. '"Tall Cone-flower' (Compositae). IND PER
RUMEX ACETOSELLA L. ''Sheep Sorrel' (Polygonaceae). ADV PER

RUMEX CRISPUS L. '"Curly Dock'" (Polygonaceae). ADV PER

RUMEX SALICIFOLIUS Weinm. ssp. TRIANGULIVALVIS Danser. '"Willow Dock' (Polygonaceae). IND PER

[Sagittaria cuneata.] We found only S.latifolia, but it is entirely possible
that s.cuneata occurs on the site, since they frequently inhabit the same area;
they are only distinguishable on examination of mature fruit.

SAGITTARIA LATIFOLIA Willd. "Arrowhead'" (Alismaceae). IND PER
SALIX AMYGDALOIDES Anderss. ''Peach-leaved Willow'" (Salicaceae). IND
SALIX ECIGUA Nutt. "Sand-bar Willow'' (Salicaceae). IND

SALIX INTERIOR Rowlee. '"'Sand-bar Willow'" (Salicaceae). IND

SALIX LIGULIFOLIA (Ball) Ball. "Willow" (Salicaceae). IND

[Salsola kali tenuiflora .] This is the common '"Russian Thistle,'" Salsola iberica sennen and Pau. It
must be present on the area and we are at a loss to know why we overlooked it.

SALVIA REFLEXA Hornem. ''Lance-leaved Sage' (Labiatae). IND AN
SCHEDONNARDUS PANICULATUS (Nutt.) Trel. 'Tumble-grass' (Gramineae). IND AN

SCHIZACHYRIUM SCOPARIUM (Michx.) Nash (Andropogon scoparius of older treatments). '"Little Blue-stem'
(Gramineae). IND PER

SCIRPUS ACUTUS Muehl. "Bulrush; Tule' (Cyperaceae). IND PER
SCIRPUS AMERICANUS Pers. ''Three-square' (Cyperaceae). IND PER
SCIRPUS LACUSTRIS L. ssp. VALIDUS (Vahl) Koyama. '"Bulrush; Tule'" (Cyperaceae). IND PER




TABLE A-1 (continued)

[Scirpus microcarpus.] = Scirpus pallidus.

SCIRPUS PALLIDUS (Britt.) Fern. (Cyperaceae). IND PER

SCROPHULARIA LANCEOLATA Pursh. '"Figwort' (Scrophulariaceae). IND PER
SCUTELLARIA BRITTONII Porter. ''Skullcap' (Labiatae). IND PER

SECALE CEREALE L. "Rye'" (Granimeae). ADV AN

SEDUM LANCEOLATUM Torr. ''Stonecrop' (Crassulaceae). IND PER

[Senecio atratrus.] This is a species of scree slopes in the subalpine sone and hardly would be
expected to occur on the site. Very likely this was a misidentification of Senecio intergerrimus.

SENECIO INTEGERRIMUS Nutt. '"'Butterweed' (Compositae). IND PER

SENECIO PLATTENSIS Nutt. ''Butterweed' (Compositae). IND PER

SENECIO SPARTIOIDES T. and G. "'Broom Ragwort'' (Compositae). IND PER
SETARIA VIRIDIS (L.) P. Beauv. 'Green Bristle-grass' (Gramineae). ADV AN
SILENE ANTIRRHINA L. '"'Sleepy Catchfly' (Caryophyllaceae). ADV AN
SISYMBRIUM ALTISSIMUM L. "Jim Hill Mustard" (Cruciferae). ADV AN
SISYRINCHIUM MONTANUM Greene. ''Blue-eyed-grass'' (Iridaceae). IND PER
[Sitanion hystrix.] - Sitanion longifolium.

SITANION LONGIFOLIUM J.G. Smith. "'Squirrel-tail" (Gramineae). IND PER
SMILACINA STELLATA (L.) Desf. "False Solomon's Seal' (Liliaceae). IND PER

[Solanum eleagnifolium.] We do not doubt this report. The plant could occur very sporadically in
waste ground, but we did not see it.

SOLANUM ROSTRATUM Duanl. '"Buffalo Bur'' (Solanaceae). ADV (here at least) AN

[Solidago ciliosa.] Highly unlikely for Rocky Flats and probably based on a misidentification of
Solidago missouriensis.

SOLIDAGO MISSOURIENSIS Nutt. ''Smooth Goldenrod' (Compositae). IND PER

SOLIDAGO MOLLIS Bartl. '"'Goldenrod'" (Compositae). IND PER

SPARTINA PECTINATA Link. ""Prairie Cordgrass' (Gramineae). IND PER

SPHAERALCEA COCCINEA (Pursh.) Rydb. "Copper Mallow'" (Malvaceae). IND PER
SPOROBOLUS CRYPTANDRUS (Torr.) Gray. ''Sand Dropseed' (Gramineae). IND PER
SPOROBOLUS HETEROLEPIS Gray. ''Prairie Dropseed'" (Gramineae). IND PER

STELIARIA LONGIFOLIA Muehl. 'Long-leaved Stitchwort' (Caryophyllaceae). IND PER
STEPHANOMERIA PAUCIFLORA (Torr.) Nees. ''Wire-lettuce' (Compositae). IND PER

[Stipa comata Trin.] This species should be in the area, but we did not find it in our survey. We
see no reason to doubt the report.

[Stipa neomexicana.] This species should be in the area, and it is very distinctive, but we did not
find it in our survey. We see no reason to doubt the report.

STIPA VIRIDULA Trin. "Green Needle-grass' (Gramineae). IND PER

SYMPHORICARPOS OCCIDENTALIS Hook. ''Snowberry; Buckbrush'' (Caprifoliaceae). IND
SYMPHORICARPOS OREOPHILUS Gray. ''Snowberry; Buckbrush'' (Caprifoliaceae). IND
TALINUM PARVIFLORUM Nutt. ''Fame-flower' (Portulacaceae). IND PER

TARAXACUM OFFICINALE Web. in Wiggers. '"'Common Dandelion' (Compositae). ADV PER
THELESPERMA MEGAPOTAMICUM (Spreng.) Kuntze. ''Green-thread' (Compositae). IND PER
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TABLE A-1 (continued)

THERMOPSIS DIVARICARPA A. Nels. "Golden Banner' (Leguminosae). IND PER

[Thlaspi alpestre.] - Thlaspi montanum L. "Candytuft" (Cruciferae). T.alpestre is restricted to
Furasia, although the name has been used until recently for the latter. We do not doubt the
report, but we did not find this in our survey.

THIASPI ARVENSE L. 'Penny Cress'" (Cruciferae). ADV AN

TINIARTA CONVOLVULUS (L.) Webb and Moq. (Bilderdykia convolvulus [L.] Dum.) ''Black Bindweed"
(Polygonaceae). ADV AN

TOWNSENDIA GRANDIFLORA Nutt. "'Easter Daisy' (Compositae). IND BIEN
TOWNSENDIA HOOKERI Beaman. ''Easter Daisy' (Compositae). IND PER
TOXICODENDRON RYDBERGII (Small ex Rydb.) Greene. '"Poison Ivy'" (Anacardiaceae). IND PER
TRADESCANTIA OCCIDENTALIS (Britt.) Smyth. ''Spiderwort' (Compositae). IND PER
TRAGOPOGON DUBIUS Scop. '"'Salsify' (Compositae). ADV BIEN PER

TRAGOPOGON PORRIFOLIUS L. "Purple Salsify' (Compositae). ADV BIEN PER
TRIFOLIUM HYBRIDUM L. "Alsike Clover'" (Leguminosae). ADV PER

TRIFOLIUM PRATENSE L. '"Red Clover" (Leguminosae). ADV PER

TYPHA LATIFOLIA L. '"Broad-leaved Cat-tail" (Typhaceae). IND

VACCARIA PYRAMIDATA Medic. "Cow Cockle' (Caryophyllaceae). ADV AN

VERBASCUM BLATTARIA L. '""Moth Mullein'" (Scrophulariaceae). ADV BIEN
VERBASCUM THAPSUS L. '"Great Mullein'" (Scrophulariaceae). ADV BIEN

VERBENA BRACTEATA Lag. and Rodr. 'Prostrate Vervain'" (Verbenaceae). ADV AN
VERBENA HASTATA L. "Blue Vervain' (Verbenaceae). IND PER

[Veronica americana.] Probably a misidentification of V.anagallis-aquatica, although there is no
reason why it could not occur here.

VERONICA ANAGALLIS-AQUATICA L. "Water Speedwell' (Scrophulariaceae). ADV PER

VERONICA PEREGRINA L. 'Purslane Speedwell' (Scrophulariaceae). ADV AN

VICIA AMERICANA Muehl. '"Common Vetch' (Leguminosae). IND PER

VIOLA CANADENSIS L. "White Violet'" (Violaceae). IND PER

VIOLA NUTTALLII Pursh. "Yellow Violet'" (Violaceae). IND PER

VULPIA OCTOFLORA (Walt.) Rydb. "'Six-weeks Fescue'' (Gramineae). IND AN

XANTHIUM STRUMARIUM L. 'Cocklebur' (Compositae). ADV AN

YUCCA GLAUCA Nutt. '"'Spanish Bayonet' (Liliaceae). IND

ZYGADENUS VENENOSUS Wats. var. GRAMINEUS (Rydb.) Walsh ex Peck. '"Death Camas' (Liliaceae). IND PER

Lichens (25 Species)

ACAROSPORA FUSCATA (Schrad.) Arn.
ASPICILIA CAESIOCINEREA (Nyl.) Arm.
CALOPLACA LAMPROCHEIIA (DC.) Flag.
CANDELARIELIA ROSULANS Muell.-Arg.
CLADONTA PYXIDATA (L.) Fr.
DERMATOCARPON IACHENUM (Ach.) A.L. Sm.




TABLE A-1 (continued)

DIMELAENA OREINA Norm.

DIPLOSCHISTES SCRUPOSUS (Schreb.) Norm.
LECANORA CHRYSOLEUCA (Sm.) Ach.

LECANORA MURALIS (Schreb.) Rabenh.

LECIDEA AURICULATA Th. Fr.

PARMELIA EXASPERATULA (Ach.) Nyl.

PARMELIA SUBDECIPIENS Vain. ex Lynge.
PARMELIA SUBRAMIGERA Gyel.

PARMELTA ULOPHYLLODES (Vain) Savicz.

PARMELIA (XANTHROPARMELIA) indet.

PELTIGERA CANINA (L.) Willd. var.RUFESCENS (Weiss) Mudd.
PHYSCIA ORBICULARIS (Neck.) POETSCH.

PHYSCIA CAESIA (Hoffm. )Hampe.

PHYSCIA DUBIA (Hoffm.) Lett.

PHYSCIA STELLARIS (L.) Nyl.

PHYSCONIA GRISEA (Lam.) Poelt.

RINODINA sp. indet.

SARCOGYNE CLAVUS (Ram. ex Lam. and DC.) Kremp.
XANTHORIA FALLAX (Hepp in arn.) Arn.

Bryophytes (16 Species)

AMBLYSTEGIUM SERPENS (Hedw.) B.S.G. var. JURATZKANUM (Schimp.) Rau et Herv.
BRACHYTHECIUM FENDLERI (Sull.) Jaeg. et Sauerb.
BRYUM ARGENTEUM Hedw.

BRYUM CAESPITICIUM Hedw.

BRYUM CAPILIARE Hedw.

CAMPYLIUM CHRYSOPHYLLUM (Brid.) J. Lange.
CERATODON PURPUREUS (Hedw.) Brid.
DREPANOCLADUS ADUNCUS (Hedw.) Warnst.

GRIMMIA MONTANA B.S.G.

MARCHANTIA POLYMORPHA L.

ORTHOTRICHUM PALLENS Bruch ex Brid.
ORTHOTRICHUM PUMILUM Sw.

PHYSCOMITRIUM PYRIFORME (Hedw.) Hampe.

POHLIA NUTANS (Hedw.) Lindb.

POLYTRICHUM PILIFERUM Hedw.

TORTULA RURALIS (Hedw.) Gaertn.

Macroscopic Green Algae

CHARA species (Characeae).
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TABLE A-2

ANIMALS KNOWN TO OCCUR AT THE ROCKY FLATS SITE

Mammals

LEPUS TOWNSENDII - White-tailed Jack Rabbit
SYLVILAGUS spp - Cottontail

SPERMOPHILUS TRIDECEMLINEATUS - Thirteen-lined Ground Squirrel
THOMOMYS TALPOIDES - Northern Pocket Gopher
PEROGNATHUS HISPIDUS - Hispid Pocket Mouse
PEROGNATHUS FLAVUS - Silky Pocket Mouse
PEROMYSCUS MANICULATUS - Deer Mouse
PEROMYSCUS DIFFICILIS - Rock Mouse
MICROTUS PENNSYLVANICUS - Meadow Vole
ONDATRA ZIBETHICUS - Muskrat

MUS MUSCULUS - House Mouse

VULPES FULVA - Red Fox

CANIS LATRANS - Coyote

PROCYON LOTOR - Raccoon

MUSTELA FRENATA - Long-tailed Weasel*
TAXIDEA TAXUS - American Badger

MEPHITIS MEPHITIS - Striped Skunk
ODOCOILEUS HEMIONUS - Mule Deer

BIRDS
ARDEA HERODIAS - Great Blue Heron

ANAS PLATYRHYNOCHOS - Mallard

ANAS STREPERA - Gadwall*

ANAS CYANOPTERA - Cinnamon Teal*

MARECA AMERICANA - Baldpate*

ANAS CAROLINENSIS - Green-winged Teal*
ANAS DISCORS - Blue-winged Teal*

AYTHYA AMERICANA - Redhead*

BUTEO JAMAICENSIS - Red-tailed Hawk

BUTEO LAGOPUS - American Rough legged Hawk*
CIRCUS CYANEUS - Marsh Hawk*

FALCO SPARVERIUS - American Kestrel*

BUTEO REGALIS - Ferruginous Hawk*
CHARADRIUS VOCIFERUS - Killdeer*

COLUMBA LIVIA - Rock Dove*

*Species shown with an asterisk have been seen within the site by a Rocky Flats biologist. All
other species were previously identified by Whicker (1974).




TABLE A-2 (continued)

ZENAIDURA MACROURA - Mourning Dove

BUBO VIRGINIANUS - Horned Owl
CHORDEILES MINOR - Common Nighthawk
MEGACERYLE ALCYON - Belted Kingfisher*
SAYORNIS SAYA - Say's Phoebe

AGELAIUS PHOENICEUS - Red-winged Blackbird
EREMOPHILA ALPESTRIS - Horned Lark*
HIRUNDO RUSTICA - Barn Swallow*

PICA PICA - American Magpie

CORVUS CORAX - Raven*

TURDUS MIGRATORIUS - Robin*

STURNUS VULGARIS - Starling*

STURNELLA NEGLECTA - Western Meadowlark
QUISCALUS QUISCULA - Common Grackle*
MOLOTHRUS ATER - Brown-headed Cowbird*
PASSERINA AMCENA - Lazuli Bunting
PIPILO ERYTHROPTHAIMUS - Rufous-sided Towhee
POOECETES GRAMINEUS - Vesper Sparrow
MELOSPIZA MELODIA - Song Sparrow*
SIALIA CURRUCOIDES - Mountain Bluebird*
JUNCO HYEMALIS - Slate-colored Junco*
SPEOTYTO CUNICULARIA - Burrowing Owl
CALAMOSPIZA MELANOCORYS - Lark Bunting

*Species shown with an asterisk have been seen within the site by a Rocky Flats biologist. All
other species were previously identified by Whicker (1974).

A-1-15




TABLE A-3

REPTILES AND AMPHIBIANS KNOWN TO OCCUR AT THE ROCKY FIATS SITE*

RANA PIPIENS BRACHYCEPHALA - Western Leopard Frog*

CHRYSEMYS PICTA - Painted Box Turtle

PHRYNOSOMA DOUGLASSI BREVIROSTRE - Eastern Short-horned Lizard*
THAMNOPHIS RADIX - Plains Garter Snake

COLUBER CONSTRICTOR - Racer

PITUOPHIS MELANOLEUCUS - Common Bullsnake

CROTALUS VIRIDIS - Prairie Rattlesnake

*A11 of these species were identified by Whicker (1974).




TABLE A-4

AQUATIC SPECIES KNOWN TO OCCUR AT THE ROCKY FLATS SITE

Algae
Cyanophyta Chlorophyta
(Blue-Green Algae) (Green Algae) Chrysophyta
GLEOTRICHA HYDRODICTYON DINOBRYON
GLEOCAPSA CHLOROCOCCUM CYMBELLA
OSCILLATORIA LIMNOSA CHLORELLA HYLOTHECA
NOSTOC PRUNIFORME OEDOGONIUM NAVICULA
ANABAENA CLADOPHORA
SCYTONEMA ZYGNEMA
STIGONEMA ULOTHRIX ZONOTA
TOLYPOTHRIX CHAETOPHORA
APHANIZOMENON PEDIASTRUM
APPHITHRIN SPIROGYRA CRASSI
CALOTHRIX K SPIROGYRA
SCENEDESMUS
MOUGEOTIA
CLOSTERIUM
EUGLINOIDS
Crustaceans* Insect Orders* Fish*#*
DAPHNIA PULEX PLECOPTERA PIMEPHALES PROMELAS -
DIATPOMUS EPHEMEROPTERA Fathead Minnow
GAMMARUS ODONATA LEPQUIS CYMNELLYS -
CAMBARUS DIPTERA CATOSTOMUS COMMERSONT -
COLEOPTERA Western White Sucker
TRICHOPTERA MICROPTERUS SAIMOIDES -

Largemouth Bass

SAIMO GAIRDNERII -
Rainbow Trout

* Identified by Johnson, et al (1974)
** Identified by Zillich (1974)
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INTRODUCTION

This report is intended to provide a general summary of the pro-
gress and findings of work sponsored by ERDA under contract EY-76-S-02-1156
over the period May 1, 1974 through July 31, 1977. During this period,
the overwhelming majority of effort was devoted to studies on the distri-
bution, transport, characterization and ecological consequences of plutonium
in the terrestrial environs of the Rocky Flats nuclear weapons plant near
Denver, Colorado. During the period, however, additional studies were
carried out on the geochemistry of stable lead in an alpine lake and .its
watershed, cesium kinetics in a montane lake, long-term patterns of fallout
137Cs in trout and mule deer populations, and effects of chronic gamma
irradiation on a shortgrass plains ecosystem. Since the studies on lead
and cesium have been of comparatively low intensity and because the data
generated have not been analyzed sufficiently for a substantive summary,
they are not reported on here. Those interested in the lead and cesium
studies should consult the recent annual progress reports. In 1975, the
investigation of the effects of chronic irradiation on a shortgrass plains
ecosystem was transferred to ERDA Contract EY-76-5-02-2743; therefore,
it is not reported here either. This report provides a brief synthesis of
progress on the plutonium studies.

Public and scientific interest in plutonium contamination of the
environment has been keen in recent years. One focal point of concern
is the grassland near the Rocky Flats installation of the U. S. Energy
Research and Development Administration northwest of Denver, Colorado.
Now operated for ERDA by Rockwell International, the Rocky Flats Plant
handles large amounts of plutonium metal for defense purposes. The plant,
approximately 12 km northwest of the Denver, Colorado, metropolitan area,
utilizes nearly 30 km? as a buffer zone which separates the public from
production operations. The climate of Rocky Flats is typified by occasional
strong W-NW winds exceeding 40 m/s and moderate precipitation (40 cm/y
average). The physiognomy of Rocky Flats is described as modified grass-
land which includes species typical of shortgrass plains (Bouteloua gracilis,
Buchloe dactyloides, etc.) as well as tall-grass prairie (Agropyron spp.,
Andropogon spp.), and ponderosa pine woodland. Mule deer (Odocoileus
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hemionus hemionus) reside alongside typically grassland species of arthro-

pods, reptiles, rodents, and birds.

Drums containing plutonium-contaminated o0il which leaked during 1959-
1964 on the barrel storage area were the major source of plutonium contami-
nation. Investigations by ERDA's Health and Safety Laboratory, Rocky
Flats personnel, and others indicated that plutonium contamination
patterns in soil were consistent with predominant wind directions (i.e.,
plutonium concentration isopleths in soil extended primarily east and
southeast from the barrel storage area). Evidence supports the concept
that soil particles near the base of leaking drums became heavily contami-
nated with plutonium and were subsequently resuspended by strong winds.
Contaminated soil particles were deposited downwind at levels which
decreased with distance. The plutonium has largely remained in soil,
near the surface. However, measureable amounts have been found to depths
of 30 cm in soil and in the biota. Public concern, lack of knowledge on
the environmental behavior of plutonium, and the high radiotoxicity of
the element all provided justification for the research program described
in this document.

The findings described in this report were obtained by (alphabetically):
staff members A. W. Alldredge, J. A. Bly, L. Fraley, Jr., and T. F. Winsor;
and graduate students L. E. Alexander, W. J. Arthur, S. J. Baker, M. P.
Carson, R. A. Geiger, G. S. Hiatt, C. A. Little, L. M. McDowell, S. L.
Mecker, and M. L. Miller. '
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SUMMARY OF FINDINGS

Distribution of Plutonium in the Terrestrial Ecosystem

We established three sampling areas southeast (downwind) of the
former o0il barrel storage area: a 0.25 ha plot 50 m away, a 0.75 ha
study macroplot about 200 m away, and a 500 m-Tong sampling transect
running from 270 to 770 m downwind. Two other study plots were established,
one 1400 m south of the former o0il barrel storage area, and one in the
northwest corner and upwind of the plant. During 1972-1976, we collected
samples of soil, litter, vegetation, arthropods (orders Arachnidé, Thysanura,
Orthoptera, and Coleoptera), small mammals (Peromyscus maniculatus, Thomomys
talpoides, and Spermophilus tridecemlineatus), mule deer, snakes (Coluber
constrictor flaviventris, Pituophis melanoleucus sayi, and Crotalus viridis

viridis), and mourning doves (Zenaidura macroura) from the study areas

for plutonium analysis and biomass estimations. Samples were analyzed
by 1iquid scintillation counting in our laboratory or alpha spectrometry
by commercial laboratories. _

Data from or representative of macroplot 1, the principal study plot
200 m downwind of the former barrel storage area, are given in Table 1.
Mean concentrations, compartmental inventories, and concentration ratios
are summarized. The data indicate that the top 21 cm of soil contained
more than 99% of the total plutonium inventory of the ecosystem; the 0-3
cm and 3-21 cm layers had about equal fractions. The fractions of total
plutonium in the non-soil compartments were orders of magnitude lower
than the soil. Litter had a higher fraction of the total plutonium
inventory than vegetation which in turn had a substantially larger fraction
than the animal compartments. These data imply that because most of the

plutonium is in soil, land management practices are very important on
contaminated areas and also that plutonium transport by biota appears
relatively insignificant, at least in the short term.

The values given in Table 1 for vegetation and small mammals need
to be qualified in the 1light of recent findings. For example, vegetation
from macroplot 1, when cleansed of surface dust using an ultrasonic bath,
contains of the order of 1 to 2 dpm/g of 23%u. This is strong evidence




Table 1. Distribution of 239Pu in samples from Rocky Flats study macroplot
no. 1. Compartmental 239Pu inventory (dpm/m2) = mean biomass
(g/m2) x mean concentration (dpm/g). Fraction of total = mean
compartmental inventory (dpm/m2) : total inventory (dpm/m2).
Concentration ratio = mean concentration of compartment (dpm/g)
+ mean concentration of 0-3 cm soil (dpm/g).

Compartment Mean n* 95% confidence interval

Plutonium concentrations (dpm/g)

soil, 0-3 cm 1850 72 1230 - 2480
soil, 3-21 cm 233 309 154 - 312
litter 914 29 698 - 1130
vegetation 63.4 76 34.8 - 92.0
arthropods 12.6 23 7.19 - 18.0
small mammals 14.4 304 5.29 - 23.5
Fraction of total Pu
soil, 0-3 cm 5.0x 10~ 2.5x10°1 -7.4x10-1
soil, 3-21 cm 5.0x10"! 2.5x10°! -7.5x10-!
Titter 2.9x10-3 1.6 x10°3 -4.2x10-3
vegetation 1.0x 10-% 4.1x10-5 -1.6x10""
arthropods 1.2x 1078 4.6x107% -2.0x10-8
small mammals 3.3x10-° 6.6x10-10-6.0x 1072
Concentration ratio
soil, 0-3 cm 1.0x 100 -
soil, 3-21 cm 1.3x10°1 6.6 x10"2 -1.9x10-1
litter 4.9x10™" 2.9x10°1 -7.0x10-}
vegetation 3.4x10°2 1.5x10-2 -5.4x10-2
arthropods 6.8 x 10-3 3.1x10-3 -1.1x10-2
small mammals 7.8x10-3 2.2x10-3 -1.3x10"2

*n = no. of samples for which the mean is calculated: for arthropods
and vegetation, n is the number of groups of individuals analyzed;
for small mammals, the number of tissue samples, not individual
animals. ’
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that the mean value of 63 dpm/g in Table 1 mainly reflects plutonium in
the surficial dust. In addition, more recent data on small mammal samples
which were pooled to obtain more activity per sample, gave lower mean
values, on the order of 0.4 dpm/g.

Levels of 23%uy in the tissues of mule deer, snakes, and mourning
doves in most cases have been below the analytical detection Timit. In
no case has a sample of internal tissue from these species contained more
than 1 dpm/g. These data collectively indicate that the plutonium in
the environs of Rocky Flats is highly insoluble and is not moving into
the biota to an unexpected extent. Of the animals sampled, arthropods
clearly contain the highest concentrations of 239Pu and also the largest
fraction of the inventory associated with animals. As with vegetation
however, arthropods were not cleansed of surficial activity prior to assay
and the 239Pyu concentrations of internal body parts is not known.

Plutonium concentrations in Rocky Flats soil varied inversely with
distance from the original plutonium source, depth of the sample, and
particle size of sieved soil samples. Coefficients of variation of plu-
tonium in soil ranged to more than 300%, and frequency distributions were
highly skewed with most samples 1lying below the mean and a few being much
larger than the mean. The plutonium distribution patterns and known
characteristics of the plutonium source indicated that the mechanisms
of environmental dispersion may have involved: the attachment of plutonium
oxide to soil particles; primary dissemination of the contaminant from
the source by wind; and weathering, microdispersal, and penetration into
soil of deposited particles. The high degree of spatial variability, in
particular, suggested that the most common functional form of the contami-
nated soil during dissemination was probably an agglomerated particle
containing many plutonium oxide and soil particles bound together.

In an effort to more fully understand the problem of sampling hetero-
geniety, soil samples from macroplot 1 were examined microscopically so
that plutonium particle sizes and micro-distribution could be investigated.
We wanted to explore the idea that occasional high-activity samples were
possibly caused by "hot particles" of plutonium. An autoradiographic
technique, utilizing nuclear emulsion plates, was used to obtain abundance
of, and equivalent size distributions for, plutonium particles in Rocky
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Flats surface soil. A total of 1700 particles were sized, for which mean
239py0, equivalent diameters of 0.29 um, 0.25 um, and 0.20 um were found
for 7-, 14-, and 37-day exposures of soil to emulsion plates. A method

to scan for particles greater than 1.50 um equivalent diameter, utilizing
Kodak AA Industrial X-Ray film, was also used. The largest particle sized
with this procedure was 6.86 um 239Pu0, equivalent diameter. None of the
particles sized was of sufficient magnitude alone to account for elevated
plutonium activity observed previously in Rocky Flats surface soil samples.
Variability in particle concentrations was observed, however, which sug-
gested that heterogeneity in the spatial distribution of plutonium particles
in the soil may partially explain observed variabi]ity in soil plutonium.
concentrations. While no "hot particles" (> 1000 dpm) were found, their
presence cannot be ruled out because of the limited quantity of soil that
can be feasibly examined by the autoradiographic technique.

Based upon data from samples taken across gradients of plutonium
contamination, levels of plutonium in litter, vegetation and arthropods
were significantly correlated to concentrations in soil. These correlations
provided additional evidence that most of the plutonium associated with
these samples was actually attached to surficial dust. This study
corroborates the idea expressed by other investigators that plutonium
moves in the environment principally by physical rather than physiological
mechanisms.

Data on 23%u concentrations in vegetation, small mammals and arthro-
pods were too variable to show statistically significant differences
between species or taxonomic groups. We also have not been able to show
significant differences between collection dates nor types of small mammal
tissues. Statistical analyses have been exhaustive, in that data were
log-transformed to reduce heterogenous variance and skewness of distri-
butions, and normal as well as non-parametric procedures have been used.

Plutonium Transport Processes

In an effort to understand and possibly predict the behavior of
plutonium in the environment, several studies dealing with transport
processes have been undertaken. These include measurements of aerial
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deposition rates, soil erosion, plutonium export resulting from biological
processes, and plant uptake. Data from these studies have not been fully
analyzed, but several noteworthy points have emerged.

Aerial deposition rates over the past two years have averaged about
20 dpm/m2-day in macroplot 1, based upon data from 21 wet pot collectors.
This value is in good agreement with mean air concentrations over the
area of about 1015 uCi/cm3 and a reasonable deposition velocity figure
of 5 cm/sec. This deposition rate would provide an increment to the soil
inventory of only 0.006% per year. A deposition rate of 20 dpm/m2-day
would theoretically lead to a 239Pu concentration in vegetation of about
2 dpm/g, assuming a mean biomass of 220 g/m? and an effective half-time
of 14 days.

Since over 99% of the plutonium in the ecosystem is associated with
the soil, erosional processes offer the potential of dispersing significant
plutonium contamination. Such processes include water erosion, both gqully
and sheet forms, and resuspension by winds. These processes may be enhanced
by soil disturbance from natural phenomena such as animal activity and
needle ice formation. We attempted to measure soil erosion by tracing
through time the location of soil particles tagged with 5%Fe and by
recording beta counts from 90Sr sources buried at fixed positions beneath
the soil surface. These data gave no indication of measureable soil
erosion over the duration of the study in undisturbed, well-vegetated
areas. If surficial erosion were to occur, the fact that most of the
soil plutonium is greater than a few mm deep lends assurance that signifi-
cant quantities of the element would not move. Severe gully erosion
could move substantial quantities of plutonium, but this has not been
observed except in steep, disturbed areas.

The potential of mammals for dispersing plutonium has been investi-
gated in considerable detail by quantifying certain activities of pocket
gophers and mule deer. Burrowing and mound building by small mammals
exposes contaminated soil to erosional forces. Pocket gophers at Rocky
Flats form mounds and dig tunnels and burrows, and move large quantities
of soil in the process. In a plutonium-contaminated area of 2.6 ha,
gophers constructed about 4.5 mounds/day, representing about 5,000 kg
of soil per year which contained about 85 uCi of 23%9Pu. Most of the
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mound soil originated from the 10-15 cm horizon. The fate of plutonium
in exposed mounds has not been studied, but observations suggest that
most remains in the immediate area of the mound. Mule deer ingest plu-
tonium associated with vegetation and soil and transport the material to
the surrounding area, where most is excreted with fecal material. Measured
soil ingestion rates of up to 30 g/day and ingestion of contaminated vege-
tation (1100-1400 g/day) lead to an estimated probable annual intake of
0.07 uCi per deer feeding around the contaminated areas at Rocky Flats.
An estimated maximum possible annual intake per deer is 13 uCi if the
animal were confined entirely to macroplot 1. Around 100 deer utilize
the Rocky Flats buffer zone, but theiractivity is seldom concentrated in
the more highly contaminated areas. An upper limit estimate of the pro-
portion of total plutonium dispersed from macroplot 1 by mammalian activities
is of the order of 0.1 to 1% per decade. A more probable estimate is
0.001 to 0.01% per decade.

We have attempted to measure the degree of plutonium uptake from
soil to plants through root assimilation, and the comparative importance
of root uptake and aerial deposition. Intact, contaminated soil blocks
and columns from macroplot 1 were transplanted either to an uncontaminated
area northwest of the Rocky Flats Plant or to a greenhouse at Colorado
State University. Vegetation growing on these blocks and columns has
been clipped at various time intervals and assayed for plutonium to get
an estimate of root uptake. The values have run of the order of 0-4 dpm/g
dry vegetation, which is similar to the values for ultrasonicated vege-
tation from macroplot 1, but substantially less than unwashed vegetation
from macropiot 1 which averaged about 60 dpm/g. These facts strongly
implicate aerial deposition as the major transport mechanism. However,
other data do not support this concept. For example, uncontaminated soil
blocks placed in contaminated macroplot 1 generated vegetation that was
also of the order of 0-4 dpm/g. Also, aerial deposition rates as measured
by wet pot collectors in macroplot 1 would only account for about 2 dpm/g,
assuming a retention half-time of 14 days for plutonium on vegetation
surfaces. Because of this discrepancy and our inability to explain it,
we cannot yet draw a definite conclusion as to the relative importance
of root uptake and aerial deposition.
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Comparative Behavior of 238Pu and 239%py

It has been consistently observed that the isotopic activity ratio
(dpm 239Pu/g + dpm 238Pu/g) 1is of the order of 65 in surface soil samples.
However, the isotopic ratio (IR) has been observed to decrease with soil
depth. Also, IRs for animal tissues have been substantially lower than
for surface soil, running of the order 5-30. OQur initial interpretation
of this observation was that 238Pu is more mobile than 23%Pu and penetrates
more rapidly into the soil and through biological membranes more efficiently.
Such isotopic discrimination has some theoretical basis because it has
been demonstrated that particles of 238Pu break down in aqueous systems
much more rapidly than 23%9Pu particles because of the higher specific
activity of 238Pu. The more rapid breakdown is consistent with the
process of "radiolytic weathering."

An argument against the concept of differential rates of particle
breakdown from radiolysis is the fact that we have no reason to suspect
that 238Py particles occur distinct from 23%Pu particles. Plutonium
particles in the environs of Rocky Flats likely contain both isotopes
intimately mixed in a reasonably predictable ratio. Thus, the radiolytic
effect of 238Pu decay, manifested in recoil energy of the 23%U nucleus,
should dislodge fragments containing 23%Pu as well as 238Pu. Another
argument is that much of the plutonium in soil at Rocky Flats appears
monomeric and there is little if any reason to suspect isotopic discrimi-
nation for monomeric plutonium.

Recently, we have examined several data sets by plotting the IR as
a function of total plutonium in the sample. Each data set has shown a
similar pattern, with IR values below 50 nearly always associated with
samples containing less than 10 dpm of plutonium. Above 10 dpm, the IR
appears independent of the total plutonium in the sample. Therefore, it
seems clear that the IR is biased by sample activity, the bias becoming
more severe as the total Pu content decreases below 10 dpm. Unaccounted-
for interference under the 238Py peak of the alpha spectrum could explain

the bias observed, but this possibility has not been explored fully.
Formulation of conclusions regarding the isotopic ratio variations
therefore awaits further data analysis.
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Ecological Consequences of Plutonium Contamination at Rocky Flats

The contamination of a portion of the terrestrial environs of Rocky
Flats with substantial quantities of plutonium provided the opportunity
to search for possible ecological effects resulting from the presence
of the element. Gross population effects from the levels of plutonium
present in the environment were not expected on the basis of predictions
and extrapolations from laboratory studies. However, prior to our studies,
a lack of population effects had not been demonstrated and furthermore,
extrapolation from the laboratory to the natural environment is frequently
not a valid practice, owing to complexities and interactions which occur
in nature but not in the laboratory.

We conducted studies which permitted comparisons of various biological
measurements and pathological data between ecologically similar study areas
at Rocky Flats of widely varying plutonium levels. Soil in the principal
study areas ranged from 100 to over 20,000 dpm 23%Pu/g in the upper 3 cm
(2-400 uCi/m2). In addition, comparative data were obtained from control
areas, containing only world-wide fallout plutonium of the order of
0.1 dpm/g (0.002 uCi/m2). Biological measurements such as vegetation
community structure and biomass; litter mass; arthropod community structure
and biomass; and small mammal species occurrence, population density,
biomass, reproduction, and physical size of whole carcass and organs
were made. In addition, pathological examinations of small mammals,
including x-ray for skeletal sarcomas, microscopy for lung tumors, and
necropsy for general pathology and parasite occurrence were carried out.

While minor differences in certain biological attributes between
study areas were observed, none could be related to plutonium levels.
Pathological conditions and parasites were found in some rodents, but
occurrence frequencies between control and contaminated areas were
similar. No evidence of cancers or other radiogenic diseases was found.
These observations and measurements, combined with intensive field obser-
vations over a period of five years, leads us to conclude that plutonium
contamination at Rocky Flats has not produced demonstrable ecological
changes. Furthermore, the levels of plutonium observed in tissues of
plants and animals in contaminated areas were insufficient to produce
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the doses that would be required to produce obvious biological changes.
Subtle biological changes, such as chromosome aberrations, cannot be
ruled out at Rocky Flats. However, even if chromosome aberration
frequencies were increased in the more highly contaminated areas, popu-
lation-level changes would 1likely not persist because of the surrounding
reservoir of normal genetic information.




APPENDIX B
METEOROLOGY

Appendix B consists of two documents that present detailed information relating
to climatic characteristics and diffusion meteorology of the Rocky Flats Plant. The
first of these documents, Appendix B-1, is a complete copy of a report entitled
"Characteristic Airflow Patterns Near Rocky Flats Plant and Their Relationship to
Metropolitan Denver." This report was prepared for the Plant's operating contractor
by Loren W. Crow, a consulting meteorologist. Dated December 16, 1974, the report
was based on a three-year study of the site meteorology.

The second document, Appendix B-2, presents information detailing diffusion
estimates made for the Plant site. These estimates were used to estimate accidental

and normal emission doses for various sectors and distances from the site.
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SUMMARY

Neutral stability conditions with corresponding well-mixed airflow
prevails slightly over 50 percent of the hours per year at both Rocky
Flats and Denver Airport (Stapleton International Airport). Under such
conditions there is a wide range of directions of flow with a slightly
higher frequency in the direction range from west-northwest through

northeast.-

During stable conditions there is a marked difference in the patterns of
airflow emanating from the Denver metropolitan area and the airflow
emanating from Rocky Flats. The confluence of drainage air from both
areas generally occurs above the lower part of the Platte River Valley
to the west and north of Brighton, Colorado. There is very little
vertical mixing during stable air periods. Stable conditions prevail

for 35 and 40 percent of all hours.

The least frequent stability class is unstable conditions. Most of the
unstable hours occur in the summer time when there is strong vertical
mixing produced by high surface temperatures during daylight hours. The
unstable hours constitute less than 15 percent of the total hours per
year. Unstable conditions generally occur when air is moving toward the

mountains and with corresponding rapid vertical mixing.

Repeatable patterns of airflow can be identified in five separately
defined categories. Days which are primarily controlled by "synoptic"
airflow and "turn-around" days are the most frequent types. Almost all
dense pollution occurs on "turn-around" type days in the Denver metro-

politan area. The effluents which moved away from either Rocky Flats or
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the Denver metropolitan area under downslope stable conditions seldom
move back over the same source point with more than a small fract: n of
the initial density. This is particularly true at Rocky Flats where

effluents emanate from essentially a point source.

High wind speeds 220 mph occur between 500 and 600 hours per year at
Rocky Flats. The dominant direction of airflow for such winds is from

the west or northwest. Such strong winds are capable of picking up and
re-transporting dust particles which have previously obtained some
collected burden of pollutant material from a localized source. Densities
of gaseous pollutant material or the very small and slowly falling
particles containing toxic pollutants would be very low under such strong

wind conditions at distances of more than a few hundred vyards.

The estimates of wind frequencies by stability categories in this report
will be replaceable by improved data when more reliable stability

measurements can be made using the planned 200-foot meteorological tower

at Rocky Flats.




INTRODUCTION

This report summarizes airflow patterns within estimated stability cate-
gories. These estimates have been made in the absence of vertical tempera-
ture profile measurements in the immediate vicinity of the Rocky Flats
Plant. Hourly wind data from January 1, 1972, through August, 1974,
furnished the major source of information in the plant area. Determination

of annual frequencies was based on the two-year period 1972 and 1973.

The wind measuring unit at Rocky Flats is located on the roof of the Health
Physics Building which is located near the west end of the entire complex.

That building has been circled on the plant site map shLom as Fig. 1.

Only eight direction ranges (45 degrees each) were used in determining
hourly wind directions at the Rocky Flats Plant. This prevents a direct
relationship with the 36 directional values, one for each 10 degrees,
reported by the National Weather Service at Denver Airport. When direct
comparisons were used the Denver Airport data were grouped into 50 degree
ranges for each of the four major coordinates - north, east, south and
west. For each of the other four directions - northeast, southeast,

southwest, and northwest - a 40 degree range was used.

Future use of meteorological tower data, particularly temperature
differences with height, will be very useful in determining the hourly

frequency of observations which fall within the major stability categories.
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Figure 1. Local physical contour pattern in the immediate area of the Rocky
Flats Plant.




LOCAL TOPOGRAPHIC INFLUENCES

Most of the building complex at the Rocky Flats Plant is located on a
shelf of gradually sloping terrain. This location is shown in the
physical contour map, Fig. 1. The entire plant area covers a nearly
square area, two miles on each side. There are three important drainage
ditches in this area - Woman Creek, Walnut Creek, and Rock Creek. The
deepest and most extensive drainage ditch, Woman Creek, is near the
southern portion of the plant site area. The general downward slope
from west to east covers a 300-foot decline from near 6100 feet MSL near

the western plant boundary to approximately 5800 feet near the easterm edge.

The relatively sharp slope downward to the bottom of Woman Creek from the
plant complex can help account for some downslope drainage of cooler air
near the ground from northwest toward southeast in the immediate area of
the wind measuring unit on the roof of the Health Physics Building. 1In
other light wind situations of downslope drainage, airflow seems to seek
an alternate path from southwest toward northeast with a net downward
flow into Walnut Creek. The collection of supplemental wind data near the
surface along both Woman Creek and Walnut Creek will produce good com-
parative data after the meteorological tower has been installed near the

Health Physics Building.

An examination of over 23,000 hours of wind data shows that light airflow
from north to south during night or forenoon hours is most often related
to drainage flow. Light airflow from south to north is generally part

of the upslope motion during daylight hcurs.
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The annual climatic range of temperatures and the extreme wind speeds
recorded at the measuring point of the Health Physics Building are

carried in the Annual Environmental Monitoring Reportsfl) Variations

in temperature are less than 2°F. under most airflow conditions throughout
the entire Rocky Flats Plant Complex. However, temperature differences
between parking lot areas and grassland areas could be much greater

o
than 2 F. during the warmest part of the day under light wind speed

conditions.




REGIONAL TOPOGRAPHIC INFLUENCES

The Rocky Flats Plant is only a few miles to the east of rapidly
increasing elevations of the front range of the Rocky Mountains.

Terrain heights increase from near 6000 feet above sea level in the
immediate vicinity of the Rocky Flats Plant to above 10,000 feet MSL
within a distance of less than 20 miles to the west. The relative loca-
tion of the Rocky Flats Plant to the metropolitan area of Denver to the
southeast of the plant and the city of Boulder to thie northwest is

identified in both Figs. 2 and 3.

The height contours are at 500-foot intervals in the geographic map,

Fig. 2. However, more detailed maps identify a ridge of higher ground
between the drainage toward the east and northeast from Rocky Flats and
the next drainage basin to the south which feeds into Clear Creek and
joins the Platte River at the north edge of metropolitan Denver. That
ridge of higher ground is identified on both the geographic contour map,
Fig. 2, and the shaded relief map, Fig. 3. The drainage basin of Big Dry
Creek joins the Platte River near Fort Lupton which is approximately 18

miles farther north from the mouth of Clear Creek.

The net drainage of the several tributaries to the Platte River is toward
the north-northeast from Denver toward Greeley. However, there is well
documented evidence of downslope flow toward the center of the valley in
the Denver metropolitan area during most hours of stable air conditions.
The drainage is downslope from the 5500 £foot contour toward the 5200 foot
elevation of the Platte River as it moves through downtown Denver. A
dashed red line is used to emphasize the 5500 contour Jine which approxi-

mates most of the Denver metropolitan area in fig. 2. Elevations in the
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Federal Heights area near the north end of the metropolitan area rise
above 5600 feet at the highest point. These differences are most import-
ant as they relate to any air pollutants which are emitted near the

ground during stable hours when the net flow is almost always downslope.

The sharply higher terrain to the west of the Rocky Flats area is
graphically portrayed in the shaded relief map, Fig. 3. This higher
terrain receives a comparatively large amount of surface heating from
the sun under clear or partly cloudy conditions in the early forenoon
hours. A reversal of airflow from downslope to upslope takes place
generally one to two hours earlier in the vicinity of Rocky Flats than
at the Denver Airport which is located in the northeast part of the

Denver metropolitan area.




SYNOPTIC VS. NON-SYNOPTIC AIRFLOW

In meteorology the term "synoptic" has developed a special meaning which
relates to the various "same time" maps which are prepared to give a
nearly instantaneous over-all view of airflow patterns. The map most
commonly understood is the pressure pattern map. Such a map indicates
the general airflow pattern around high and low pressure centers over
broad areas and above the so-called "surface friction layer". This
pattern can be determined even though surface observation points are
separated by many miles. For purposes of this summary, "synoptic" flow
at the surface near the Rocky Flats Plant is indicated whenever the sur-
face wind velocity and directions are both very similar to the synoptic

flow pattern at approximately 1500 feet above the ground.

The linkage of the surface wind direction and velccity with the flow at
1500 feet takes place primarily during daytime hours but can occur any
time during the day or night when the large-scale weather map patterm is
sufficiently strong to control airflow throughout a well-mixed layer from

the surface of the earth upward.

Non-synoptic flow regimes are those in which the surface wind direction
and velocity may carry little or no direct relationship to the general
flow pattern as indicated on the weather map at approximately 1500 feet
above the ground. When nighttime radiation takes place and a layer of
cooler stable air develops near the earth's surface, the airflow pattern
within that layer generally has a much lighter velocity and the direction
can vary considerably from the flow above the stable air. The stable

layers of air near the surface generally occur in the time period between
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8 p.m. and 9 a.m. but can occur for several additional hours per event.
Overcast cloud cover conditions and/or precipitation would decrease the
chance that a separate stable layer can develop near the surface. Data
from a 200-foot tower will permit the detexrmination of stability classes

and linkage with synoptic flow on almost an hourly basis.




CHARACTERISTIC AIRFLON PATTERNS

Several repeatable patterns of airflow at both Rocky Flats and Denver
Airport can be identified from a review of the hourly sequences of wind
observations. In Figs. 4 through 11 examples of these repeatable airflow
patterns are illustrated. In these figures the hourly observations of
wind speeds at Rocky Flats are presented in miles per hour and at the
Denver Airport they are listed in knots. The appropriate conversion

factor to change knots to mph is to multiply by 1.15.

In these several figures containing hourly wind direction and speed

observations, the direction indicator ends at a center point for each

hourly plotted value. The number at the outer end of the direction

indicator shows the wind speed. For instance, a wind from the east at

10 mph is shown as e—/0. A wind from the northwest at 15 mph is shown
15

as \\. "C" stands for calm. Gusts are indicated by the letter "G",

followed by the number of the peak velocity for the Denver Airport data.

Precipitation is also shown only as reported at Denver Airport.




Synoptic Flow with Precipitation

Examples of closely related airflow at both locations are illustrated
when active precipitation is taking place in the entire region. 1In
Fig. 4, six days of airflow which had extended periods of active
precipitation are presented. Precipitation is listed only in the
hourly observations at Denver Airport but it can be assumed that the
same type of precipitation was occurring at Rocky Flats. The code
letter indicators are S _ snow, R - rain, L _ drizzle, SW and R4

indicate shower-type precipitation, and 2L = freezing drizzle.

In each instance the hourly winds at Rocky Flats are shown at the left
of the two columns with hourly data from Denver Airport in the right
column. With only eight separate direction classes used at Rocky

Flats, there appears to be longer periods of continuous flow within a
single 45 degree bracket than occurs ocrrespondingly at Denver Airport
where wind directions are observed to 36 points of the compass.
Generally speaking, airflow coincident with precipitation occurs when
winds are in the quadrant north through east. The hourly wind direction

records from the two stations are matched very well on November 12,

1972, and on April 30 and May 6, 1973,
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2.

Additional Synoptic Flow Examples

Sets of seven separate days with six of them having no precipitation
are shown in Fig. 5. In this instance all Rocky Flats hourly winds
are shown for individual days on page 18. Corresponding hourly winds
at the Denver Airport for the same seven days are shown on page 19.
In many instances there are notably lower wind speeds at Denver than
at Rocky Flats. Even the peak gusts at Denver Airport on December 12
do not equal the steady winds for most hours at Rocky Flats. Essentially
all hours on these days could be listed as synoptic airflow. However,
the light winds at Denver which occur primarily during nighttime hours
may be disassociated from the general synoptic flow and may represent
what can be called "dropout" hours when the colder air near the ground
permits disassociation from the stronger flow aloft. Data for the
early morning hours of November 27 show four or more hours at both
Rocky Flats and Denver when there was probably a "dropout" of airflow

near the surface from the general synoptic flow.
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Set of seven 24-hour periods of synoptic airflow at Rocky Flats.
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Figure 5b. Coincident hourly winds for same seven days as those shown in Figure 5a
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3. Additional Synoptic Flow Days with "Dropout" Hou

Some additional illustrations of predominately synoptic flow type days
with some hours when there was a dropout at both locations similar to
that mentioned for November 27 above are presented in Fig. 6. The
hours which appear to be totally independent of general synoptic

flow are bracketed. These "dropout" hours when colder stable air

is present near the ground generally begin by midnight and end Lbefore

noon. Many times they end by 8 a.m.

«20-
b-1-22




Rocky Flats Denver Rocky Flats Denver Rocky Flats Denver

I oct. 29, '72 ! ™ sept, 25, '73 | J Nov. 14 J
HOUR e . Nov. 14
r e TN 2 T LA /,1 o
‘i‘/ ; “';' E I‘I';Ei' 5/
02 - - 66— 13— C :
i

P

Dl
$
<~
w

5
[}
5 §§ N : el
W S N
S g« gﬁ S T
f 4 3/ 3/ &3/.
5 '-5'5/-'; 7 8’4/
=l AN BN S
T L 87 Sy
Sl oo N L, 0
P AR
e N S %
N e R
S e S A N -, -
g’:\::' N ',7’5 25’:\3, 57
R % L=
I l N N eF
;"Tt; s ;, 28\: 2635
A IR
110 20 = :
H__ \ - N AL
g A\ l o625
TS e |
- 1; . ' Ay — g’\~
,/‘:@‘ 1‘5‘\ '
i 14 3/ ‘
e -/ N\ 10619
& /2
20- | | '%\ 15—
/2618 13
. /é . 7;\ : e 1§ — o2t
/2 |
b ‘ 11
- / ,.f r / . 136:.2.?
= R 2 RW 3 o |
-/ / | -/ 2— —

. 4 /o 13
24- /3 7/ l / 30— 19—
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Afternoon Linkage with Synoptic Flow at Denver Airport

A frequent repeatable pattern of airflow is oune in which synoptic
flow from some westerly direction persists throughout the entire

24 hours at Rocky Flats but only is linked with the surface flow at
Denver during the warmer hours of the day after the stable layer

of air near the ground has been eliminated due to surface heating.
Three sequential days that illustrate this repeatable pattern are
shown in Fig. 7. 1In this case the hourly winds on three days,
January 28, 29, and 30, at Rocky Flats are shown at the left. The
hours when synoptic linkage prevails at Denver Airport are identified

with a long vertical bracket.
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Figure 7. Three-day comparison of almost continuous synoptic airflow at Rocky Flats '
but.at Denver Airport only the afternoon hours are linked with synoptic airflow.
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Western Synoptic Flow at Rocky Flats Matched with Easterly Flow in

Aftermoon at Denver

In some instances airflow continues at Rocky Flats from a westerly
component with occasional wind speeds greater than 20 mph while at the
same time airflow at Denver Airport is from some easterly component.

It is not completely clear whether or not this east to west flow at

the Denver Airport constitutes a replacement eddy. The airflow at
Denver may move toward the mountains at some point south of Rocky Flats
where it then rises and joins into a flow from west to east at some

upper level. Three sets of such days are shown in Fig. 8.

It is certainly true that data from the Denver Airport would not be
representative of airflow at Rocky Flats on these days. The hours

during which the airflow is predominantly east to west at Denver

Airport are circled in black.
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while there are periods of "upslope" or "turn-around" airflow at Denver.
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Downslope Drainage at Rocky Flats and "Turn-Around" Days at Denver Airport

During winter months it is often possible for downslope drainage flow
to continue at Rocky Flats for almost all hours while on these same
days there is a downslope drainage flow for 14 or more hours and a
reversal to upslope flow for three or more hours at Denver Airport.
Five sets of this combination of airflow are presented in Fig. 9.

The period of downslope drainage flow at Denver is identified with a
bracket. The upslope or up-valley flow hours are circléd for identifi-

cation. These days at Denver Airport fit the description of "turn-

around" days while drainage flow continues at Rocky Flats.
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7. "Turn-Around" Days and Comparisons of Timing

Along the eastern slope of the Rocky Mountains a high fraction of

the days experience a "turn-around" of airflow. Under these condi-
tions downslope drainage flow begins in the evening hours after solar
heating can no longer prevent formation of a colder layer of air near
the ground. This colder more dense air moves down-valley with extremely
local influences of terrain features. 1In the southeast portion of the
Denver metropolitan area drainage flow is from southeast toward north-
west. In the southwest portions of Denver the flow is from the south-
west. The net flow of all drainage winds moves air down-valley along

the lower regions of the Platte River and all tributaries thereto.

The Rocky Flats downslope motion is represented by winds from northwest
through southwest. Upslope motion at Rocky Flats is represented mostly
by winds from northeast through southeast. The immediate terrain
features surrounding the wind unit at Rocky Flats tend to show that
light winds from the north are still part of downslope flow toward
Woman Creek, whereas light winds from the south are generally a part

of very localized upslope flow.

At Denver the downslope flow is from a southerly direction, generally
from 180 degrees through 220 degrees. However, the local drainage
along Sand Creek near the windvmeasuring unit at the Denver Airport
often reflects a drainage flow from the southeast. Upslope flow
includes the north to south flow along the lower regions of the Platte
River Valley in the Denver metropolitan area. It also includes all

of the winds from an easterly component during the warmer hours of

-29-
B-1-31




the day. Four sets of turn-around type days at both stations are
shown in Fig. 10. The identification of hourly periods of drainage
flow and the reverse type upslope flow is the same as that described
above. It is quite typical that a period of near calm conditions
occurs at or near the turn-around times, whether from downslope to

upslope or from upslope to downslope.

The reversal of airflow on turn-around days generally takes place
somewhat earlier at Rocky Flats than at Denver. An analysis of
comparative minimum temperatures at the two stations showed that Denver
Airport had colder minimum temperatures on 255 mornings out of the 366
days in 1972. Thus, there is a higher surface temperature to start with
on most mornings at Rocky Flats than at Denver Airport. There would

be a thinner layer of cooler stable air to be heated before the

reversal to upslope flow could take place at Rocky Flats. The earlier
time of turn-around is confirmed by the 24 sets of turn-around periods
covered in Fig. 11. Most turn-arounds occur before 9 a.m. at Rocky
Flats, whereas nearly one-half of all the turn-arounds occur after

10 a.m. at the Denver Airport. Examples can be found of an earlier turn-
around at Denver but they are relatively rare. A one hour earlier
turn-arcund is shown for April 10 which appears in the upper part of

Fig. 11.

Calm and/or light and variable winds are generally included within the
hours of stable downslope flow but it could be argued that they also

are a part of the changing air motion produced by surface heating

eliminating the colder layer near the ground. Longer delays for timing




of turn-arounds tend to occur during winter months. However, these
are also the months when synoptic flow has a higher frequency at

Rocky Flats than at Denver.

Maximum temperatures are typically higher at Denver Airport than at
Rocky Flats. During 1972 there were 287 days with higher maxima

at Denver Airport.
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Figqure 10. Four sets of "turn-around” type days at both Rocky

Flats and the Denver Airport.
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Figure 1l1. Sets of hourly wind measurements surrounding the near reversals of airflow
on "turn-around" days.
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The relative frequency of different types of airflow patterns can be
indicated by assigning the dominant airflow patterm which prevails for
each day in the year. A summary of this type documentation for the 731
days during the two-year period 1972-73 is shown in Table I. If more
than one-half of the hours in a given day could be classified into one of
the five repeatable-type categories, that day was given an appropriate
"type" assignment. The two highest frequencies were "synoptic" and
"turn-around" type days at both locations. There were slightly higher
frequencies for both "synoptic" and "turn-around" days at Rocky Flats than
at Denver Airport. However, there was a notably higher number of instances
when the afternoon hours were linked with synoptic flow -t Denver as
compared with Rocky Flats. Each of these characteristic type airflow
patterns has been described above. The special type days of synoptic
with scme dropout hours and drainage-type days have a higher frequency

in the months October through May than in the warmer summer months.
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TABLE I. DISTRIBUTION OF PREDOMINANT AIRFLOW PATTERNS FOR ROCKY FLATS AND DENVER FOR THE YEARS 1972 and 1973
(731 days) -
Type Day Station Jan, Feb. Mar. Apr, May June July Aug. Sept, Oct. Nov. Dec. Total
Synoptic Rocky Flats 37 19 26 25 22 15 20 19 23 17 23 31 277
Denver 22 15 28 31 27 14 22 17 21 20 23 24 264
Synoptic Rocky Flats 2 2 1 7 5 1 4 8 6 6 42
Drop-out
Hours Denver 3 2 7 7 3 4 5 2 3 3 1 40
Afternoon Rocky Flats 1 6 9 2 6 E) 12 12 3 2 2 7 68
Linkage with
Synoptic Denver 9 9 10 8 8 22 22 19 6 6 3 6 128
Turn-arocund Rocky Flats 12 20 20 18 25 34 29 30 30 34 21 9 282
Days
Denver 21 24 21 14 20 19 14 20 30 32 25 19 259
Drainage Rocky Flats 9 4 5 4 1 1 1 6 9 40
Denver 7 9 1 2 1 1 1 6 12 40
Missing Rocky Flats 1 6 1 4 3 3 1 1 2 22




CONFLUENCE OF DOWNSLOPE AIRFLOW AND DIVERGANCE OF UPSLOPE AIRFLOW

Examination of terrain features and the directions of air motion during

the hours when cooler air prevails near the ground indicates a confluence

of air from the Denver metropolitan area with air from the Rocky Flats

area in a broad zone above the Platte River Valley to the west and north

of Brighton, Colorado. This is illustrated in Fig. 12. There would be
considerable dilution of pollutant material from both sources before reaching

the confluence area.

After surface heating has eliminated the cooler layer of air near the
ground the downslope drainage flow of this more dense air ceases. This is
followed by a relatively brief period of near calm, or light and variable
wind conditions, which in turn is followed by upslope motion. Fig. 13
shows upslope airflow patterns which are typical immediately following the
time of airflow reversal. Note that all "clouds" or layers of pollutants
which have previously moved downslope during prior hours would move upslope
from their current position at the time of turn-around. The upslope path
will not be a direct reversal of the downslope path. This is specially

true of any point source. Upslope paths are also generally divergent.

In the warmer part of the afternoon hours on all turn-around days some
eagterly wind component prevails along a belt at least 40 miles eastward

from the mountainous terrain which rises above 7000 feet.

The documentation of the airflow patterns related to air pollution in the
Denver metropolitan area is supported by multiple prior studies. 1In the

winter of 1961-62 Riehl and Crow(2) used data from a network of 11 wind
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Figure 12. Characteristic downslope airflow during STABLE

conditions in the geographic region from the south edge of the
Denver metropolitan area northward.
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measuring units covering 10 detailed episodes of relatively dense air
pollution. A second study expanded by the Atmospheric Sciences Department
of Colorado State University(3) used continuous wind records from 17 wind
measuring units distributed in a pattern throughout the Denver metropolitan

area.

A description of the "heat island" and cross-sectional dimension of
pollution for the Denver area was reported by Crow in a special study
prepared for the Colorado Department of Public Health in 1964(4). (Not

published.)

Typical daily airflow patterns related to air pollution are also described

in "Air Pollution in the Denver Area" published by Public Service Company
of Colorado, 1967(5). Excerpts of that report are presented in Appendix A.
The depths of the polluted layer as shown therein for 8 and 11 a.m. have

subsequently been found to be from 200 to 400 feet deeper.

The most recenta;cumentationof detailed airflow over Denver related to air
pollution was part of the Environmental Protection Agency's "Brown Cloud"
study in November, 1973(6), During that study period many photographs were
taken from Rocky Flats to show typical dimensions of the main body of the
visible pollution layer in the Denver metropolitan area. Most of those
photographs showed the polluted layer to be several miles to the southeast
of Rocky Flats. Two sets of such photdgraphs are shown in Figs. 14 and 15.
The principal time period when some of the pollution from the Denver

metropolitan area moves over Rocky Flats is during afternoon hours. Material

which initially moved to the north-northeast from Denver moves back west-

ward toward the mountains. These diluted effluents from Denver may join




with the upslope motion of the effluents emanating from the Rocky Flats

area.

It would also be possible under rare circumstances for air moving generally
in the downslope mode to have confluence with pollution from the Denver
metropolitan area over the Platte River Valley several miles north-
northeast of Denver with subsequent return of that air moving back over

Denver from the north-northeast.
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Cloud cover and high plume rise
from both cooling towers and
stacks at Cherokee Power Plant
as seen from Rocky Flats three
hours after end of snowstorm;
0830, Nov{:2QA_1973L

Four-hour buildup of air
pollution over Denver as seen
from Rocky Flats:;

1230, Nov. 20

Seven-hour buildup of air
pollution over Denver as seen
from Rocky Flats;

1530, Nov. 20

Figure 14, Progressive development with changes in depth, dimension, and location of
pollution layer, Nov. 20 1973.
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Two photographs

Air poliution layer over
Denver as seen from Rocky
Flat:

1400, Jdov. 29, 1973.

WOV o
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ER

Same scene:
1600, Nov. 29

Same scene, following day:
1530, Nov. 30.

siowing progressive development and changes in depth and
dimension of pollution layer during afternoon hours of Nov. 29, plus one view of the

pollution layer in mid-afternoon on Nov. 30, 1973.

B-1-46




AIR POLLUTION CYCLE QVER DENVER METROPOLITAN AREA

Notations in the Remarks Column of the hourly observations made at the
Denver Airport include reference to the location of where smoke is
observed. An analysis of the entire 8760 hours of 1972 resulted in the
summary prepared in Table II. The highest frequency of smoke observations
occurs between 8 a.m. and noon with the quadrant of direction west through
north being the most frequent. The remark of "smoke over the city" has
nearly an equal frequency in the early forenoon hours and late aftermoon.
The appropriate direction for a "smoke over the city" observation would be

to the west of the observer.

When smoke is reported for all quadrants it would mean there is some
pollution to the east and south of the Denver Airport. Such observations
would directly relate to those instances when the air motion has reversed
and is moving polluted air back from the north over the northeastern part

of the city. The total frequency of remarks regarding smoke accounted for
16 percent of all observations during 1972. There is no exact requirement
for observers to list smoke in the Remarks Column. Therefore, this statistic
is very far from exact or totally inclusive. It does, however, prove

that Denver Airport has more hours when the airport is to the south or

east of smoke or a layer of visible pollution than any other direction.

Fig. 16 presents a cross-section prepared as a part of the special study
of November, 1973. Multiple pollution episodes were used to develop the

height and dimension of the polluted layer.

The nearly repeatable pattern of pollution over Denver on episode days of

November, 1973, is illustrated in the cross-section diagram of Fig. 16.
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TABLE II. FREQUENCY OF HOURS WHEN WEATHER OBSERVER AT STAPLETON FIELD REPORTED
THAT SMOKE WAS NCTABLY VISIBIE IN ONE OR MORE DIRECTIONS FROM THAT POINT OF
OBSERVATION DURING 1972.

Over City SMOKE VISIBLE TO: all Total Hours
Hour (no dir.) S S W N N NE E  Quadrants®  gmoke/vear
01 7 1 1 1 1 11/366
02 10 2 1 1 1 15
03 12 2 4 1 19
04 10 1 4 3 1 1 20
05 18 5 6 3 2 34
06 21 6 13 6 2 48
07 23 6 13 7 3 52
(0]:] 18 3 14 26 20 1 5 87
09 24 5 22 32 23 6 9 119
10 26 1 5 20 32 27 8 12 131 Peak
11 27 1 5 19 32 26 8 1 12 131 Freq.
12 18 1 7 22 27 24 5 1 13 118
13 18 1 6 18 22 18 4 10 97
14 19 1 5 11 15 11 2 11 75
15 15 1 5 15 16 13 3 9 77
16 21 5 11 10 5 6 58
17 24 2 8 11 11 5 4 65
18 24 1 5 8 8 4 50
19 19 1 6 12 10 5 53
20 10 1 5 9 7 4 2 1 1 40
21 5 1 4 7 7 4 5 33
22 3 4 6 7 5 3 28
23 3 3 5 6 1 4 22
24 4 w2 2 3 3 14
- 1397/8784
16%
*During 49 hours smoke was listed as reason for visibility being
limited to six miles or less at Stapleton Field,
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Figure 16. Typical WNW-ESE profile of pollution layer depths over metropolitan Denver

between 0800 and 1500 on days when temperature inversions are not eliminated and when
the polluted layer which forms near the downtown area spreads southward and away from
its original location over the north edge of Denver.
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This cross-section has been prepared to show the vertical profile of terrain
and the pollution layer at various hours of the day as it is typically
observed, The profile, which is greatly distorted in the vertical scale,
runs from the mountainous aread to the west-northwest of the Rocky Flats
Plant south-eastward to Buckley ANGB. This profile crosses the Platte

River about three miles northeast of the downtown City of Denver and passes
through Stapleton Airport. Multiple photographs, taken during the special
study period of November, 1973, and during other periods studied by this
author, support the approximate elevations of the polluted layer tops as
shown in the cross-section for the hours from 0800 through 1500. These
depths of the polluted layer should be considered typical of days in which
the temperature inversion is gég broken. In the summer months the respective

tops of the polluted layer may be slightly higher.

The ground level for most downtown buildings is approximately 5200 feet
above mean sea level. The higher buildings extend slightly more than 400
feet above ground level. Thus, they extend approximately 270 feet above
the runway elevation for Denver Airport, which is 5331 feet. The eleva-
tion of the polluted layer tops is shown as above ground level at Denver
Airport since the surface temperatures used to help derive the elevation
tops are those measured hourly at the airport. Temperature profiles from
the 0500 rawinsonde at Denver have been used to support the findings

shown in Fig. 16.

The most frequent pattern of spreading for the pollution layer from noon

through 1500 is to the south and/or west of the downtown area. This is

aided by upslope motion above the higher terrain located in that direction




from the city. For instance, North Table Mountain, South Table Mountain,
and Green Mountain all extend above 6000 feet MSL. At the tops of these
relatively flat protrusions the layer of stable air in early morning hours
is very thin. Thus, a small amount of surface heating is required to
eliminate the stable air layer. The stable layer is replaced by air which
is well mixed vertically. In some instances a chimney-like airflow
pattern is produced. Air which is heated and rises above the low foothills
may move back toward the east above the temperature inversion over the
valley. This upward motion of air above the higher terrain where the
temperature inversion has been eliminated induces a movement of air coming
first southward and then westward from the downtown area of Denver.

Before it reaches the mountainous terrain, vertical mixing often has
destroyed the temperature inversion and the upper edge of the polluted

layer becomes quite diffuse.

The frequency with which the western edge of polluted layer reaches Rocky
Flats is less than one-third of the days when relatively dense pollution
can be noted in the downtown area of Denver. Likewise, there are very few

instances when the polluted layer envlopes Buckley ANGB.




SEVERE WINDS

The occurrence of very strong winds at the Rocky Flats location is
repeatable for many hours year after year. A special study has been made’
of all hours 2 10 mph at both Denver and Rocky Flats for the year 1973.
In this instance the wind speeds which are reported in knots at Denver
were adjusted to miles per hour to be directly comparable to the data at
Rocky Flats. Also, the Denver Airport data were grouped into the same
eight directions used at Rocky Flats. The results of this summary appear
in Table III. This shows a total of 329 hours when winds were > 20 mph

at Denver Airport. There were 522 hours of such high winds at Rocky Flats.

At Denver Airport the highest octant of direction is from the north with
the second highest from northwest. At Rocky Flats the highest octant is
from the west with 246 hours and the second highest is northwest with 168
hours. Both of these direction frequencies at Rocky Flats are higher than

the peak direction from the north at Denver.

When wind speeds are 2 30 mph soil particles can be picked up and moved
for several miles. Lighter particles could move for hundreds of miles.

The heavier particles would fall back to earth within distances of a few
hundred feet to a few miles as permitted by the variations in the associated

gustiness of the winds.

The time of day for strong wind occurrences is not the same at the two
locations. The respective frequencies by hour of the day are shown in

Fig. 17. There is a minor afternoon peak shown at Rocky Flats above the

general level near 20 instances for each hour. The higher number of




TABILE III. FREQUENCY OF HOURS OF WINDS EQUAL TO OR GREATER THAN
20 MPH WITHIN EIGHT OCTANTS OF WIND DIRECTION FOR THE DENVER AIRPORT
AND ROCKY FLATS, BASED ON 1973 DATA.

Month N NE _E SE 'S SW W W Totals
DENVER AIRPORT
Jan. 24 1 25
Feb. 0
Mar. 20 7 1 2 5 8 43
Apr. 14 1 4 S S 6 35
May 21 3 3 27
June 1 3 4 2 3 13
July 6 1 10 4 21
Aug. 1 1 11 2 1 16
Sept. 8 6 S 3 1 6 29
Oct. 9 1 2 4 20 36
Nov. 4 1 13 2 20
Dec. 40 1 . — _4 _ -] 14 64
Totals 147 17 2 7 44 12 38 62 329

ROCKY FLATS
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Figure 17. Comparative hourly frequency of wind speeds 220 mph at
Rocky Plats and Denver Airport during 1973.
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nighttime hours with strong winds at Rocky Flats than at Denver Airport

i8 related to the higher frequency of "synoptic" type airflow.

At Denver Airport there are 10 hours or less per year with winds 2 20 mph
between 2200 through 0900. By contrast there are more than 25 hours equal
to or greater than 20 mph from 1300 through 1700. Several of the higher
wind speeds at Denver Airport occur during summer thunderstorms which

have a higher frequency at Denver than at Rocky Flats.




WIND FREQUENCY IN STABILITY CATEGORIES

Until such time as temperature profile measurements and wind gradient
data through the lower 200 feet become available from the meteorological
tower planned at Rocky Flats, estimates of stability conditions can be
made using (1) time of day, (2) wind speed and direction, and (3) rela-
+ionships with known stability sequences in the Denver metropolitan
area. The estimates which are made in this report are based on such

airflow characteristics.

A compilation showing wind distribution by Pasquill stability classes
using the STAR Program originally designed by meteorolcsists working for
the Environmental Protection Agency has been obtained for a five year
record at Denver Airport. This compilation appears in arrays of 16 wind
directions and six stability categories. For purposes of preliminary
estimation in the analysis reported herein, only three categories were

used for stability - STABLE, NEUTRAL and UNSTABLE. The 36 directions of

wind records at Denver Airport were consolidated to 16 values and the eight
directions initially available at Rocky Flats were expanded to cover 16
directions. The frequencies of winds in each stability group were

developed from hourly wind and temperature records.

Tables IV and V show the estimated distribution of winds within each
stability class at Denver and Rocky Flats. It is recommended that these
data be used jointly in determining long term depositions of any effluent

coming from Rocky Flats. The graphical presentation of the percentages

in each of the three categories is presented in Figure 18.




TABLE 1V. PERCENTAGE FREQUENCY OF WIND DIRECTION IN VELOCITY CIASSES FOR AIRFLOW BETWEEN THE SURFACE AND 200
METERS IN THE VICINITY OF STAPLETON INTERNATIONAL AIRPORT AT DENVER, COLORADO, BASED ON HOURLY AIRFLOA DATA 1972~74.

STABLE (E+F) NEUTRAL (D) UNSTABLE (A+B+C)

(meters/sec.) - —
2 3-4 56 78 29 Total |1-2 34 56 7-8 39 Total |1-2 3-4 5-6 7-8 29 Total
N .1 .2 .1 .4 .1 1.2 2.9 2.4 .3 6.9 .3 .4 .1 .8
NNB .1 .1 .2 .1 1.6 2.5 1.6 .2 6.0 .3 .4 .2 .9
NE 1 .1 .2 .1 1.1 1.8 .6 .2 3.8 .4 .4 .2 1.0
ENE .1 .2 .1 .4 .2 1.3 1.4 .5 3.4 .1 .5 .4 .2 1.2
E .1 .2 .2 .5 .1 .8 1.4 .7 3.0 .1 .6 .6 .2 1.5
ESE .1 .3 .2 .6 .5 1.1 1.0 2.6 .5 .4 .1 1.0
SE .2 «5 .3 1.0 .3 .7 .4 1.4 .4 .3 .1 .8
. SSE 1.0 2.2 1.4 4.6 .3 1.0 .7 2.0 .2 .2 .4
v s 1.5 3.2 2.6 7.3 .3 1.3 1.2 o2 3.0 .1 .2 .3
z SSsW 2.5 6.0 3.3 2 12.0 .1 .4 1.4 1.4 .1 3.4 .1 .1 .2
‘3 SW 1.2 3.1 1.6 .1 6.0 .2 1.1 .7 2.0 .1 .1
WsW -4 2.0 .8 3.2 .2 1.0 .6 1.8 .1 .1
w .2 .5 .3 1.0 .6 1.0 .7 .1 2.4 .1 .1 .2
WNW .1 .2 .1 .4 .7 1.4 1.1 .3 3.5 .1 .1 .2
NW .2 .1 .3 .8 1.6 1.2 .4 4.0 .2 .1 .3
NI .2 .1 -3 1.0 1.2 -6 2.8 .2 .3 .1 .6
7.5 19.2 11.4 .3 38.4% .7 11.3 22.8 15.4 1.8 52.0% .2 4.2 4.0 1.2~ 9.6%
Average wind velocity 3.7 m/= 5.8 m/s 4.8 m/s
Average mixing depth . 2400 meters 2400 meters




TABLE V. PERCENTAGE FREQUENCY OF WIND DIRECTION IN VELOCITY BY STABILITY CLASSES FOR AIRFLOW BETWEEN THE SURFACE
AND 200 METERS IN THE VICINITY OF ROCKY FLATS, BASED ON HOURLY AIRFLOW DATA 1972-74.

STABLE (E+F) NEUTRAL (D) UNSTABLE (A+B+C)
(meters/sec.)
1-2 3-4 5-6 7-8 29 Total 1-2 3-4 5~6 7-8 29 Total 1-2 3-4 5-6 7-8 29 Total
N .2 .3 .3 .2 1.0 .1 1.0 1.6 1.7 1.0 5.4 .1 .1 .2
NNE .2 .2 .2 .6 .1 .9 1.5 1.6 .9 5.0 .1 .2 .1 .4
NE % S S | 3] .1 .8 1.4 1.5 .8 4.6 | .1 .7 .6 .2 1.6
ENE .1 .1 .2 .6 1.0 .2 2.0 .1 .6 .4 .2 1.3
E .05 .05 .1 .3 .3 0.7 .1 .5 .4 o2 1.2
ESE .05 .05 o1 .3 .4 .2 1.0 .1 .8 .9 .2 2.0
SE .1 .1 .2 .2 .9 1.3 .8 3.2 .1 o7 .9 .3 .2 2,2
% SSE .1 .1 .2 .1 .5 .1 .7 1.1 .5 2.4 .5 .4 .1 1.0
g S .1 .1 .3 .1 .6 .1 .6 1.0 .4 2,1 .1 .1
i sSW .1 .2 .3 .1 .7 .4 1.0 .5 .2 2.1 .1 .1
®
SW 1.0 2.0 1.5 .4 4.9 .4 1.0 .4 .2 2.0
WSW 1,2 2.4 1.9 .5 6.0 .2 1.0 .4 .6 2.2 .1 .1
1] 1.2 2.5 2.0 .5 6.2 4 1.4 1.2 1.4 4.4 .1 .1
WNW 1.4 2.8 2.2 .6 7.0 .8 2.4 1.2 1.6 6.0 .1 .1
NW 1.0 2.1 1.5 .4 5.0 .8 2,2 .9 1.1 5.0 .1 .1 2
NNW .6 1.2 1.0 .2 3.0 .8 2.2 .9 1.0 4.9 | .1 .1 .2
6.9 14.1 11.8 3.4 36.2% | 1.1 9.9 20.8 12.4 8.8 53.0% .5 4.7 4,2 1.3 .2 10.8%
Average wind velocity 4.2 m/s 6.6 m/s 4.9 m/s
Average mixing depth 450 meters' 3200 meters 3200 meters
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Figure 18. Estimates of annual frequency of wind direction under STABLE conditions

at Denver Airport and Rocky Flats.
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Figure 18 continued. Estimates of annual frequency of wind directions under
NEUTRAL and UNSTABLE conditions at Denver Airport and Rocky Flats.
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Under STABLE conditions there is a notable difference in airflow between
Denver Airport and Rocky Flats. There is a prominent peak frequency of
airflow from south-southwest at Denver. By contrast, the range of wind
direction under STABIE conditions at Rocky Flats carries a broad level of
nearly equal frequency from southwest through northwest. In most instances
the STABLE air temperature near the ground above the lower portions of the
Platte River Valley near the north end of Denver is colder during the
morning hours than at Rocky Flats. STABLE but relatively warmer air
moving past Rocky Flats would establish its own equivalent level of
buoyancy and move toward the Platte River at a higher elevation than the
colder air near the surface in the Denver metropolitan area. In other
instances NEUTRAL stability conditions with corresponding rapid dispersal
of effluents will prevail at Rocky Flats while colder STABLE air and its
collected burden of pollutants will remain near the ground to the north of
Denver. Under such circumstances there would be no mixing downward of

effluents from Rocky Flats into the STABIE air below.

Under NEUTRAL and UNSTABLE conditions the frequency distribution of direct-
ions is somewhat similar at both locations. However, Rocky Flats has a
greater frequency of UNSTABIE air motion ranging from the northeast through
south-southeast directions. The relatively low frequency of UNSTABLE
conditions with corresponding rapid vertical mixing should limit any surface
deposition of material emanating from Rocky Flats to the first one to three

miles from the source toward higher ground to the west of the plant.

Correction and improvement in these sets of estimated data should be

expected when more reliable stability data become available,
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APPENDIX A

Duplication of material presented in the booklet

"Air Pollution in the Denver Area" published in 1967

by Public Service Company of Colorado as an information
booklet with text and diagram material furnished by

consulting meteorologist, Loren W. Crow.
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Where

Does
It

Accumulate?

All daytime employees in the Denver Metropoli-
tan area have many opportunities to observe
some visible portion of this community’s air pol-
lution as they drive to work. At that time of day
the most dense portion is located near and
slightly north of the center of the city.

Most of the air pollution visible at 8:00 a.m.
moved very slowly “down-slope” from other
higher parts of the urban area during the hours
of darkness. Some of this pollution may have
been generated the previous day while the air
motion was “up slope” from the valley floor to-
ward higher ground. During the night it returned
to its favorite early morning collection basin.

Each forenoon the supply of new pollution in-
creases, and the temperatures near the ground
become warmer. When wind velocities remain
near calm, the layer of dense air pollution grows
in both vertical and horizontal dimension. By
11:00 a.m. the layer may cover nearly half the
urban area to a depth of 500 to 600 feet. This
area is still closely related to low elevations along
the Platte River and Clear Creek valleys.
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To
Where
Does

It
Spread?

During weather periods which permit near calm
winds and heavy burdens of air pollution the air
flow over Denver is largely controlled by its sur-
rounding terrain. Surface cooling at night estab-
lishes down-slope motion toward Adams City.
During the warmer part of the day a reversal
takes place and the air motion is primarily from
the lower parts of the city toward higher areas.
Flags which indicated winds from the south-
southwest at 6:00 a.m. will show that the air is
moving from the north-northeast at 2:00 p.m.

This “back and forth” reversal of air flow tends
to permit a passage of the same polluted air more
than once across the Denver Metropolitan area.

By late afternoon the top of the polluted layer
may be 1,000 to 1,200 feet above the valley floor
and the outer edges may now have moved be-
yond the south, east, and western boundaries of
the built-up urban area. The amount of pollution
per unit volume is low at this time of day because
it has been mixed with so much additional air.

The dense pollution of early forenoon is con-
tained in only three to five cubic miles of air by
late afternoon a somewhat heavier burden of
pollution is mixed into 20 to 40 cubic miles of air.
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APPENDIX B-2
DIFFUSION ESTIMATES

Estimates of site dispersion parameters for the Rocky Flats Plant have been made
from site meteorological data as presented in Section 2.3.6 of this Statement. No
attempt has been made to modify calculated values by possible terrain effects or
macro-meteorological effects at long distances from the site because quantification
of such effects is extremely uncertain and is not significant within the accuracy of

this type of calculation.

The discussion that follows presents the methodology, assumptions, and results
of the diffusion estimates. Additional information relating to site-specific meteor-
ology is contained in Appendix B-1 and in Section 2.3.6 of this Environmental Impact

Statement.

Short-Term (or Instantaneous) Relative Concentrations (x/Q)

The relative concentration of pollutants (x/Q) (from a unit concentration re-
lease) downwind from an emitting source can be computed from the Gaussian form of
solution to the diffusion equations. The symbol, x, represents the concentration
(usually in microcuries per cubic meter) and Q represents the source emission rate
(usually in microcuries per second). The Gaussian distribution yields a peak value
along the centerline of the emitted plume with the values falling off exponentially
in both directions normal to the wind direction. The plume centerline concentration
at ground level is given by

- 2
L1 | a2 M) fse
Q Tg o u 2 o, m 3

y 2

(derived from Slade, 1968), where hs is the stack height above terrain at the point
of release, h_ is the plume rise, hg is the height of the downwind terrain above the
stack base, u is the mean wind speed between plume and ground, and o_ and o, are the
Gaussian distribution parameters (plume standard deviations) in the horizontal and
vertical directions normal to the mean wind direction. The parameters Oy and o, are
functions of downwind distance from the source so that the above dispersion equation
is implicitly a function of downwind distance. The values of Uy and o, are obtained
by the method of McMullen (McMullen, 1975). According to this method,

c —exp[I+J (lnx)+K(1nx)2]




where o is the standard deviation of the concentration in the horizontal (0. ) or in
the vertical (oz) directions in units of meters; ln x is the natural log of the
downwind distance expressed in kilometers; and I, J, and K are empirical constants
for a given stability condition, for each type of o.

Values of I, J, and K are given in Tables B-2-1 and B-2-2 for oy and o,, res-
pectively. The method of McMullen avoids the variability which can be expected from
visual readings of the Pasquill curves and is used to obtain o values in this impact
statement.

Table B-2-1
Values of the Constants I, J, and K,
for o_ as a function of downwind distance,
for six Pasquill Stability Classes

Stability
Class 1 J K
A 5.357 0.8828 -0.0076
B 5.058 0.9024 -0.0096
C 4,651 0.9181 -0.0076
D 4.230 0.9222 -0.0087
E 3.922 0.9222 -0.0064
F 3.533 0.9181 -0.0070
Table B-2-2

Values of the Constants I, J, and K,
for o_ as a function of downwind distance,
f8r six Pasquill Stability Classes

Stability
Class I J K
A 6.035 2.1097 0.2770
B 4,694 1.0629 0.0136
C 4,110 0.9201 -0.0020
D 3.414 0.7371 -0.0316
E 3.057 0.6794 -0.0450
F 2.621 0.6564 -0.0540

If the mean wind speed and stability condition during any time period are known,
the maximum average relative concentration during that time period for any distance
downwind from the source may be calculated.




For the evaluation of short-term release of airborne effluent from the Rocky
Flats Plant, the following conservative assumptions were made:

Ground-level release from a point source (hs = 0, hp =0).

2. No depletion of the airborne effluent by washout, settling, or surface
deposition.

3. No significant terrain changes near the Plant site (h_ = 0)

4, Plume-centerline, relative concentrations are determined.

5. Average diffusion conditions, Pasquill Category E, wind speed of 3.0 meters

per second.
No credit for building wake dilution.
7. Relative concentrations weighted by the frequency of wind in each sector.

The resulting equation for relative concentration is

1
o u
z

X

Q ™ 0y
Table B-2-3 gives the calculated, short-term relative concentrations as a func-

tion of distance, unweighted by sector frequencies. The maximum site-boundary x/Q is

3.52 x 10-5 seconds per cubic meter. Table B-2-4 gives relative concentrations as a

function of distance, weighted by the frequency with which the wind blows from each

direction. These relative concentrations are used to determine the dispersion of

airborne radioactive effluents from accidental Plant releases.

TABLE B-2-3

CALCULATED SHORT-TERM RELATIVE
CONCENTRATIONS (x/Q)
(Pasquill E, 3.0 m/sec)

Distance (miles) x/Q (sec/m”)
1.2 3.52E-5%

2.0 1.63E-5

3.0 9.02E-6

4.0 5.98E-6

5.0 4.38E-6

10.0 1.72E-6
20.0 7.06E-7
30.0 4.30E-7
40.0 3.06E-7

*3.52E-5 = 3.52 x 1072




TABLE B-2-4 N
CALCULATED SHORT-TERM RELATIVE CONCENTRATIONS (x/Q, sec/m )
(Sector Frequency Weighted) (Pasquill E, 3.0 m/sec)

Wind Average
Source Affected Annual 2 3 4 5 10 20 30 40
(sector) Sector Frequency miles miles  miles  miles miles miles miles miles
1.63E-5% 9.02E-6 5.98E-6 4.38E-6 1.72E-6 7.06E-7 4.30E-7 3.06E-7
N S 0.066 1.08E-6 5.95E-7 3.95E-7 2.89E-7 1.13E-7 4.66E-8 2.84E-8 2.02E-8
NNE SSW 0.060 9.78E-7 5.41E-7 3.59E-7 2.63E-7 1.03E-7 4.24E-8 2.58E-8 1.83E-8
NE SW 0.065 1.06E-6 5.86E-7 3.89E-7 2.85E-7 1.12E-7 4.59E-8 2.80E-8 1.99E-8
ENE WSW 0.034 5.54E-7 3.07E-7 2.03E-7 1.49E-7 5.83E-8 2.40E-8 1.46E-8 1.04E-8
E W 0.019 3.18E-7 1.76E-7 1.17E-7 8.54E-8 3.35E-8 1.38E-8 8.39E-9 5.96E-9
ESE WNW 0.030 4.97E-7 2.75E-7 1.82E-7 1.34E-7 5.23E-8 2.15E-8 1.31E-8 9.32E-9
SE NW 0.056 9.13E-7 5.05E-7 3.35E-7 2.45E-7 9.61E-8 3.96E-8 2.41E-8 1.71E-8
SSE NNW 0.039 6.36E-7 3.52E-7 2.33E-7 1.71E-7 6.69E-8 2.76E-8 1.68E-8 1.19E-8
S N 0.028 4.56E-7 2.52E-7 1.68E-7 1.23E-7 4.80E-8 1.98E-8 1.20E-8 8.56E-9
SSW NNE 0.029 4.73E-7 2.61E-7 1.74E-7 1.27E-7 4.98E-8 2.05E-8 1.25E-8 8.86E-9
Y NE 0.069 1.12E-6 6.22E-7 4.13E-7 3.02E-7 1.18E-7 4.87E-8 2.97E-8 2.11E-8
WSW ENE 0.083 1.35E-6 7.48E-7 4.97E-7 3.63E-7 1.42E-7 5.86E-8 3.57E-8 2.54E-8
W E 0.107 1.74E-6 9.65E-7 6.40E-7 4.69E-7 1.84E-7 7.56E-8 4.60E-8 3.27E-8
WNW ESE 0.131 2.14E-6 1.18E-6 7.84E-7 5.74E-7 2.25E-7 9.25E-8 5.63E-8 4.00E-8
Nw SE 0.102 1.66E-6 9.20E-7 6.10E-7 4.47E-7 1.75E-7 7.21E-8 4.39E-8 3.12E-8
NNW SSE 0.081 1.32E-6 7.30E-7 4.85E-7 3.55E-7 1.39E-7 5.72E-8 3.48E-8 2.4BE-8
1.000

*The numbers in this gorizontal row are multiplied by the frequency to obtain X/Q.
1.63E-5 = 1.63 x 10

B-2-4




Annual Average Relative Concentrations (x/Q)

For annual average concentrations, a sector-averaged form of the diffusion
equation is used. Averaging over a 22.5-degree sector eliminates the Uy (horizontal
dispersion term). The coefficient preceding the exponential term is replaced by
2.032/ozﬁx, where x is the downwind distance in meters (Slade, 1968).

For the evaluation of annual average releases of airborne effluents from the

Rocky Flats Plant, the following conservative assumptions were made:

1. Ground level release from a point source (hs =0, h. =0).

2. No depletion of the airborne effluent due to washout, settling, or surface
deposition.

3. No significant terrain changes near the Plant site (hg =0).

4., Wind direction averaged across individual sector for frequency of time wind

is in that sector.

5. Values of x/Q, calculated for each stability class, are combined as a
weighted average, based on the frequency distribution of stability classes
for each sector as determined from site data (Table 2.4-11 of Section
2.4.5).

No credit for building wake dilution.

7. Relative concentrations weighted by the frequency the wind blows in each

direction.

The resulting equation for relative concentration is

x _ 2.032
\ Q g, ux
Table B-2-5 gives the calculated annual average concentrations as alfunction of
distance, weighted by the frequency that the wind blows from that direction, and
frequency of each stability class. The maximum sector x/Q is 5.04 x 10'7 seconds per
cubic meter in the east-southeast sector (west-northwest wind source) at two miles.
These relative concentrations are used to determine the dispersion of airborne radio-

active effluents from routine Plant releases.




TABLE B-2-5 5
CALCULATED ANNUAL AVERAGE RELATIVE CONCENTRATIONS (%/Q, sec/m )
(Averaged Over Wind Direction and Plume Stability Class)

Wind Average
Source Affected Annual 2 3 4 5 10 20 30 40
(sector) Sector Frequency miles miles miles miles miles miles miles miles
N S 0.066 1.47E-7% 7.65E-8 4.86E-8 3.44E-8 1.20E-8 4.40E-9 2.49E-9 1.68E-9
NNE SSW 0.060 1.07E-7 5.53E-8 3.49E-8 2.45E-8 8.39E-9 2.99E-9 1.66E-9 1.11E-9
NE SW 0.065 9.52E-8 4.85E-9 3.03E-8 2.12E-8 7.08E-9 2.46E-9 1.35E-9 8.91E-10
ENE WSW 0.034 5.64E-8 2.85E-8 1.78E-8 1.23E-8 4.07E-9 1.40E-9 7.58E-10 4.96E-10
E W 0.019 2.61E-8 1.30E-8 8.04E-9 5.55E-9 1.80E-9 6.07E-10 3.28E-10 2.13E-10
ESE WNW 0.030 3.33E-8 1.65E-8 1.01E-8 6.98E-9 2.23E-9 7.46E-10 4.00E-10 2.59E-10
SE NW 0.056 8.46E-8 4.29E-8 2.68E-8 1.86E-8 6.19E-9 2.14E-9 1.17E-9 7.69E-10
SSE NNW 0.039 7.99E-8 4.13E-8 2.61E-8 1.84E-8 6.35E-9 2.30E-9 1.29E-9 8.71E-10
S N 0.028 7.43E-8 3.88E-8 2.47E-8 1.75E-8 6.12E-9 2.25E-9 1.28E-9 8.63E-10
SSW NNE 0.029 7.15E-8 3.75E-8 2.39E-8 1.70E-8 6.02E-9 2.24E-9 1.28E-9 8.71E-10
SW NE 0.069 3.25E-7 1.74E-7 1.13E-7 8.12E-8 3.00E-8 1.17E-8 6.88E-9 4.79E-9
WSW ENE 0.083 3.87E-7 2.07E-7 1.34E-7 9.67E-8 3.58E-8 1.40E-8 8.24E-9 5.73E-9
W E 0.107 4.25E-7 2.27E-7 1.47E-7 1.06E-7 3.89E-8 1.51E-8 8.84E-9 6.14E-9
WNW ESE 0.131 5.04E-7 2.69E-7 1.74E-7 1.25E-7 4.58E-8 1.77E-8 1.03E-8 7.17E-9
NW SE 0.102 3.77E-7 2.01E-7 1.30E-7 9.29E-8 3.40E-8 1.31E-8 7.64E-9 5.29E-9
NNW SSE 0.081 2.57E-7 1.36E-7 8.75E-8 6.25E-8 2.26E-8 8.62E-9 5.00E-9 3.44E-9
1.000

=7
*1.47E-7 - 1.47 x 10
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APPENDIX C
GEOLOGY AND SEISMOLOGY

This appendix contains three reports relating to geology and seismology. The
first, Appendix C-1, is entitled '"Summary of Non-Nuclear Remote Sensing at the Rocky
Flats Site and Status of Analysis of Geological and Hydrological Indicators -- July

1975 through December 1975." This report was prepared by J. G. Lackey, E. B. Jones,
and H. A. Wollenberg who are associated with EG§G, Inc. of Las Vegas, Nevada.

Appendix C-2, "Rocky Flats Reflection Seismic Project,'" was submitted by T. L.
Davis from the Department of Geophysics, Colorado School of Mines, in Golden, Colo-

rado.

The third report, Appendix C-3, is a "Soil Survey" from the Soil Conservation

Service of the U. S. Department of Agriculture.







ASD-76-001
6 January 1976

TECHNICAL MEMORANDUM

Subject: Summary of Non-nuclear Remote Sensing at the Rocky Flats
Site and Status of Analysis of Geological and Hydrological
Indicators - July 1975 through December 1975

1. GENERAL CONSIDERATIONS

1.1 Overview of the Program

During the interval of July 1975 through December 1975, EG&G
and associated personnel were engaged in an ongoing program to do non-
nuclear remote sensing of the ERDA Rocky Flats Site. This program is
carried out with the cooperation and support of Rocky Flats personnel.
Appropriate ground truth data to support and calibrate the remotely sensed
data were also acquired during this interval.

This program was carried out for the purpose of assisting the
Division of Operational Safety (DOS) of the Energy Research and Development
Administration (ERDA) in carrying out its responsibilities. DOS has the
responsibility to ensure that all ERDA programs and operations are conducted
in a manner that will protect the public, ensure occupational safety and health,
and preserve the environment in accordance with nationally accepted norms.

During this period of activity, EG&G personnel acquired a con-
siderable catalog of remotely sensed data in the form of photographic and
thermal infrared imagery. EG&G and associated personnel subsequently
interpreted some possible geological and hydrological features of the site
which were visually discernible on the photograph and infrared imagery.

Field investigation was carried out in cooperation with Rocky Flats
personnel and personnel from the U. S. Geological Survey office in Denver for
the purpose of verifying the geological and hydrological features and planning
additional investigations necessary to resolve uncertainties by physical meas-
urement.

*E. Bruce Jones, M. W. Bittinger & Associates, is retained as a consultant
to EG&G.

\\\\\\

““““ H. A. Wollenberg, Lawrence Berkeley Laboratory, is retained as a consultant
to EG&G.
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A geological element of primary interest was the possible
existence of a fault or shear zone on or near the site. The remotely
sensed imagery is compatible with the interpretation that a fault or shear
zone crossing the Rocky Flats Site may exist. Certain geological features
visually observable on the ground are also compatible with this possibility.
To test this hypotheses, the Colorado School of Mines was engaged to conduct
seismic reflection surveys. These studies (Davis,10 and 29 December 1975)
indicate little likelihood of appreciable vertical dislocation of lineaments in
the eastern portion of the site,

The primary elements of hydrologic interest were seeps, springs,
and general water-balance information for the immediate plant site and sur-
rounding area. Various seeps and springs were noted on photographic and
thermal infrared imagery along the three basic drainages flowirg through the
plant site. It appears that there is some concentration of springs and seeps
in the vicinity of the plant. With the presently available information, it is
impossible to dctermine whether or not this apparent concentration occurs
naturally o. was induced by the construction and operation of the plant.

1.2 Goals
The short term goals of the non-nuclear remote sensing program
are summarized:
A. Provide remotely sensed data to document current status of
the site and facilitate studies of future changes as they occur.

B. Supplement currently available data about the hydrological,
geological, and ecological environment where appropriate
by remote sensing.

The long term goals of the non~nuclear remote sensing program
can be summarized as follows:

A. Define a long term data acquisition and presentation scheme.
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B. Carry on repetitive data acquisition and presentation as
appropriate,

C. Provide analysis and interpretation of data when requested
to do so.

1. 3 Reporting Procedure

1. 3.1 Interim Outputs of the Ongoing Program

The non-nuclear remote sensing activities carried out at the Rocky
Flats Site during the interval July 1975 through December 1975 are part of an
ongoing program to support the DOS mission. Because they are part of a con-
tinuing program, the information presented here is limited to the following:

A. A description of the data acquisition plans and activities
that produced all available imagery and data.

B. A description of the findings of the program to date
relative to hydrological and geological indications.

C. A description of the field investigation performed to
verify the interpretations and results of the investigation.

D. Interim recommendations for additional investigations
necessary to resolve uncertainties identified to date.

1. 3. 2 The Plan for Final Reports

The time scale involved has precluded the generation of a formal
report presenting the extensive remotely sensed data acquired during this
interval. However, it is anticipated that the data will have a continuing
usefulness in analyzing geological, hydrological, and ecological aspects of
the Rocky Flats Site, Therefore, a formal report as referenced below will
be issued and distributed.

EGG-1183-1680
Catalog of Remote Sensing and Ground Truth Data
for the ERDA Rocky Flats Site

by J. G. Lackey and R. A. Meibaum
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Likewise, a report summarizing the current activities to interpret
and verify some of the hydrological and geological features of the Rocky Flats
Site will be issued. The report is referenced as follows:

EGG-1183-1679

Non-nuclear Remote Sensing and Analysis of Geological

and Hydrological Indicators at the ERDA Rocky Flats Site
by J. G. Lackey, E. Bruce Jones, and H. A. Wollenberg

1.4 Description of the Rocky Flats Site

1.4.1 Location

The Rocky Flats Plant is located on a high plateau near the eastern
foothills of the Rocky Mounts. It covers about 10 square miles (more than
6, 500 acres) near the north boundary of Jefferson County.

The plant is about 16 miles northwest of downtown Denver, situated
almost equidistant and within 12 miles of Boulder, Golden and Arvada. Other
nearby population centers include Broomfield, Louisville, and Lafayette.

The west edge of the facility is paralleled by Colorado Highway 93
which intersects Colorado Highway 72 about one mile south of the plant's west
entrance. Indiana Avenue parallels the plant's east boundary and provides an
east access to the facility.

1.4.2 Mission

The plant is a key facility for the production of nuclear components.
Most of the work is directly related to national defense. The northern half of
the plant is involved in processing plutonium and in general waste treatment.
The southern half houses uranium, beryllium, and stainless steel component
fabrication operations.

2. REMOTE SENSING PLANS AND ACTIVITIES

The principle features of the short term remote sensing plan were
determined after discussions with Rocky Flats personnel and after making an
on-site ground inspection reconnaissance. The main elements of the plan
consisted of the following:

C-1-4
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A. Conventional aerial photography
B. Four-camera system photography
C. Infrared thermal mapping
D. Ground truth operations

It was concluded that if the overall plan for remote sensing were
carried out, it would allow the following data to be made available:

A. Detailed up-to-date aerial map.

B. Identification and classification of seeps and wet areas.

C. Data for use in multispectral data reduction alogrithims
for classifying ecology and land use.

D. High quality images of all types to provide baseline information.

E. Ground truth to support the above.

2.1 Conventional Aerial Photography Plans and Operations

Rocky Flats personnel requested color aerial photography covering
the area:

North through Boulder
South to Golden

West to Continental Divide
East to I-25

In support of this requirement, two aircraft photographic missions
were flown on 15 August 1975 at an altitude of 18, 000 ft and 7, 000 ft above terrain.
An additional mission was flown on 6 October at 19,000 ft above terrain. The
three missions were flown in a Beechcraft A-100 aircraft using a Wild RC-8 aerial
camera and color negative film. The three missions provided the necessary coverage,
producing photographs with scales of 1:36, 000, 1:14, 000, and 1:38, 000, respectively.

2.2 Multispectral (Four-Camera) Aerial Photography Plans and Operations

The multispectral photography plan involved the utilization of a
camera system containing four 70mm Hasselblad cameras to photograph simul-
taneously in four different wavelength regions. The four channels used were:
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Film Filter Wavelength Region
1 Aerocolor 2445 W2A 4000 - 7000A
2 Infrared Aerochrome 2443 W12 + WCC30B 5000 - 9000A
3 Infrared Aerographic 2424 W89B 7000 - 9000A
4 Plus-X Aerographic 2402 W25 6000 - 7000A

The planned coverage included complete coverage of an area two
miles in all directions from the plant and single frame coverage of the inner
fence area.

Missions were flown on 16 August, 15 October, and 17 October to
obtain the required coverage.

The 16 August mission was flown in the A-100 aircraft at 5, 000 ft
above terrain and covered an area two miles north, south, and west of the plant
and as far east as Standley Lake. The scale of the photographs was 1:19, 500,

Missions on 15 and 17 October were flown in a Martin-404 aircraft
at 10, 000 ft above terrain and single frame coverage of the immediate plant area
was obtained. The scale of this imagery was 1:39, 000.

2.3 Infrared Thermal Mapping Plans and Operations

The infrared thermal mapping plan was devised after inspection of
color aerial photographs and an on-site ground reconnaissance. Particular
attention was given to designing the coverage so as to be able to detect variations
in ground moisture and variations in surface geology by means of thermal effects.
The infrared thermal mapping plan can be summarized as follows:

A. High Altitude Long Wavelength Scan

Bendix scanner

8-12. 54 detector

Approximately 10, 000 ft altitude
Mid-afternoon - three east to west passes

W N =

B. Low Altitude Long Wavelength Scan

1. Bendix scanner
2. 8-12.5u detector
3. Approximately 1, 000 ft altitude
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4, Mid-afternoon - selected passes
5. Dawn - overlapping passes of inner fence area
6. Dawn - flight lines along selected stream beds

C. Multispectral Multi-scan Data Set

1. 8-12.5HM and 3-5. 5p detectors

2. Approximately 1, 000 ft altitude

3. Mid-afternoon and before sunrise - two flight
lines over selected test area

The required coverage was obtained on 15, 16, and 17 October,
using the Martin-404 aircraft and a Bendix thermal mapper Model LN-3.

Due to variable windy weather on 16 October, some data acquisition runs for
this date were repeated on 17 October.

2.4 Ground Truth Plans and Operations

Particular attention was given to the design of the ground truth plan
because ground truth data were considered to be essential to the proper calibration
and utilization of all types of remotely sensed data acquired by airborne operations.

It should be noted that the implementation of the ground truth plan was
carried out in cooperation with, and with the support of, Rocky Flats personnel.

Below is an itemization of the operations which constituted the ground truth plan
and personnel assignments.

A. Water Level Measurements in Wells and Bore Holes -
As Many As Possible (RFP personnel)

B. Photography of Plant Life Around Ground Seep Areas
(EG&G personnel)

C. Thermal Infrared Radiometer Temperature Measurements
(EG&G personnel)

Water surface

Wet poisoned seep
Asphalt

Open bare ground
Uniformly vegetated area

g
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D. Soil Moisture Samples (personnel from all organizations)

1. =30 points at selected locations and times specified
by EG&G consultants.,

NOTE: All of the data described in this document in Sections
2.1 thru 2. 4 will be further described and cataloged in report EGG-1183-1680
now in preparation.

3. HYDROLOGICAL AND GEOLOGICAL INDICATIONS

3.1 Geological and Hydrological Setting

The geologic setting of the Rocky Flats Site is dominated by the
sedimentary and structural patterns of the Front Range urban corridor. The
setting, covered briefly here, is described in detail by Hurr (1975) and in a
report by URS/Blume & Associates (1974). Immediately west of the site,
steeply upturned beds of the Fox Hills, l.aramie, and Arapaho formations
crop out, and then dip eastward beneath the site. The best aquifer of the group,
the Fox Hills sandstone, occurs at a depth of approximately 800 ft beneath the
plant area. Overcapping these bedrock units is a veneer (10 to 70 ft) of gravelly
alluvial deposits, termed the Rocky Flats gravels. These gravels are considered
by Hurr (1975) to be the remnants of alluvial fan material, debouched from Coal
Creek Canyon. The gravels extend westward of, and occupy gaps in, the outcrop
of the upturned Fox Hills beds. This permits percolation of some shallow ground-
water through the Fox Hills outcrop, eastward on to the site area. Leakage from
Cold Creek Canyon and the Boulder Diversion Canal could also furnish some water
on site on the Rocky Flats gravels. Thus, water contribution to the site area,
though greatly influenced by the plant's water system, and supplemented by rain
and snowfall, likely has components from groundwater flow in the near-surface
gravels, That ground water which flows off-site is largely confined to the gravels,
but some may percolate to deeper aquifers through permeable zones in the Arapaho-
Laramie, and through fault zones which may intersect these formations.

The contact (or interface) between the Rocky Flats gravels and the
less-permeable underlying Arapaho Formation serves as the locus of natural
and man-caused seeps, where the contact intersects the topographic surface
on the sides of the stream-channel valleys. The mesa-like topography of the
site; flat, gravel-capped surfaces incised by small streams, lends itself well to
the formation of such seeps. Most flow from leakage (from both the solar evapora-
tion ponds or other plant-site sources) probably surfaces at seeps on the sloping sides
of the stream channel valleys. Subsurface leakage from the holding ponds is more
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likely to reach the deep aquifers than leakage from the solar ponds. This
could occur either directly by percolation through the LLaramie-Arapaho,
or by percolation through a fault or shear zone which may intersect the
surface and the bedrock units at depth. Evidence for such a zone was re-
ported by Hurr (1975), who sugges:ed that the zone may be a southerly
extension of :he Eggleston Reservoir Fault, described by Spencer (1961).

3.2 Geological Indications

Of the imagery available to date, that most diagnostic for
interpreta.ion of geologic features is the high altitude (18, 000 ft above terrain)
natural color photography, obtained 15 August 1975, the high altitude (10, 000
ft above terrain) mid-day thermal infrared mapping of 16 and 17 October, and
the dawn lower altitude (about 1, 000 ft) thermal infrared mapping of 16 and 17
October. A zone of lineaments, most of which are oriented NNW-SSE, is
apparent in the eastern portion of the site on both the photo and thermal infra-
red imagery. The lineaments are expressed as topographic features such as
stream orientations, cuts in mesa rims, and continuity of tributary stream
alignments across main drainages. An example of preferential stream or-
ientation, which may be influenced by faulting, is the NNW direction of the
south fork of Coal Creek, near the 5, 750 ft contour across the north-south
line of sections 34 and 35. Orientations of cuts in mesa rims are exemplified
in the northwest quarter of section 2, and just north of the east access road
in section 12. A continuity of tributary alignment across a main drainage is
indicated on the north fork of Walnut Creek in the southwest quarter of section 2.

The low-sun-angle photography, obtained shortly after sunrise on
16 October, though not extensive in coverage, shows good enhancement of
diagnostic topographic features in the area south and east of the main plant
site.

Dawn thermal infrared imagery indicates well the NNW trend of
lineaments, as well as north-south trending features in the southwest quarter
of section 2. Ground check of these reatures indicated very little topographic
expression. Tone changes in mid-day and dawn thermal infrared imagery are
evident on south-facing slopes north of holding pond A-2 and on relatively flat s
terrain south of the B holding ponds. These changes, near the distorted and
offset bedding observed near these ponds, may reflect contrasts in ground
moisture content and/or lithology on opposite sides of a fault zone.
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Taken individually, the lineament features and dislocations of
bedding observed on the ground may be attributed to the lenticular nature of
sedimentary lithologic units, i.e., a sand bed may '"lens out" to be replaced
at the same stratigraphic level by shaley material. However, when plotted
areally, as on the accompanying map, the overall zonation and general
alignment of surface features infers that there is structural control to their
orien:ation by a fault or shear zone.

3.3 Hydrological Indications

The airborne data collection was designed so that certain hydrologic
features could be evaluated. The specific data collection, other than photographs
of hyvdrologic interest, was the 8-12. 5y thermal infrared mappings carried out
near sunrise and solar noon. To assist with this airborne data collection,
hydrologic ground truth, in the form of soil moisture, was taken at selected
locations.

The primary elements of hydrologic interest were seeps, springs,
and general water-balance information for the immediate plant site and the
surrounding area. Since the local geology controls much of the natural water
balance of this area, the hydrologic and geologic elements were highly inter-
related both in mission planning and preliminary interpretation.

3.3.1 Seeps and Springs

Various seeps and springs were noted on photographic and thermal
infrared imagery along the three basic drainages flowing through the plant site,
Closer inspection of some of these indicated that these springs and seeps ap-
parently emerged from the interface of the Rocky Flats gravels and the lower
more impervious Arapaho formation. It also initially appears that there is
some concentration of springs and seeps in the vicinity of the plant site itself.
With the present information available, it is impossible to determine whether
or not this apparent concentration occurs naturally or was induced by the con-
struction and operation of the plant,

If this concentratiion is no* natural, then one should initially look
at some ohvious possibilities: (1) the plant is losing water through the "plumbing'',
(2) the construction of various facilities have allowed for concentration of ground-
water through foundation drains, etc., or (3) a combination of the first two.

Cc-1-10
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Rocky Flats personnel have sampled the water from selected
springs and disclosed that with one exception, the water does not have the
chemical or radiological characteristics of plant process waters., The
exception is the seeps to the northeast of the solar evaporation ponds which
contain large amounts of nitrates.

3.3.2 Water Balance Information

The natural water balance of an area is determined by the manner
in which waters naturally enter and leave the area under consideration. At
the Rocky Flats Plant site there are several opportunities for water to enter
the system:

A. Precipitation

B. Seepage losses from the Boulder Diversion Canal to the west
of the site which would enter the Rocky Flats gravels.

C. Ground-water seepage from the west from Coal Creek near
the mouth of Coal Creek Canyon. This would primarily be
through the upper or near-surface gravel formations.

Similarly water would tend to leave the area through:

A. Surface runoff - fed by seeps and springs as well as
by direct runoff.

B. Evaporation

a

Evapotranspiration from the native vegetation.

D. Possible deep seepage to a lower aquifer (see the geologic
report comments on this).

The information previously mentioned on seeps and springs indicates
that the mission was quite helpful in locating these areas, but the airborne imaging
techniques used are not capable of quantifying the flows. In addition to locating
the seeps and springs, the airborne information also suggests that there is some
hydrologic connection with Coal Creek at the mouth of the canyon. This is noted
from the mid-day thermal infrared scan. One can note a dark pattern emerging
from the north half of the Coal Creek alluvial fan. Although briefly field checked,
no firm conclusions can be drawn at this point.




Technical Memorandum
6 January 1976
Page 12

Inspection of the mid-day thermal infrared mapping indicates that
the Boulder Diversion Canal does not appear to be leaking any pronounced amount
of waler into the gravels at specific points. The early morning scan lines did
not cover this area.

4, FIELD INVESTIGATIONS

Field investigations were conducted on 13 and 14 November 1975
and on 10 December 1975 for the purpose of verifying some of the geological
and hydrological indications which were noted in the remotely sensed imagery.
Personnel from several organizations were present at each of these meetings.
For this reason, the information relative to these meetings -ill be presented
in the form of notes submitted by one of the available participants. Because of
the evolving nature of the field investigations, they are presented here as a
chronological sequence of activities.,

4.1 Notes on Field Examination of the Rocky Flats Plant Area, 13 November 1975

Participants: R. T. Hurr, USGS; C. Illsley, RFP; E. B. Jones, Bittinger & Assoc.;
and H. A. Wollenberg, LLBL

Notes: by H. A. Wollenberg

The purpose of the examination was to field-check specific points
of interest indicated by the multispectral aerial surveys, and to observe ground
features which may be associated with faulting. The points visited are numbered
on the accompanying map, Page 18.

(1) Surface indications of possible faulting, observed originally by
R. T. Hurr (1975), were inspected in the deeply eroded drainage channel just
south of the easternmost holding ponds (B-3 and B-4) on the south fork of Walnut
Creek. At this location, strongly contorted clayey layers of the Arapaho formation
occur stratigraphically above and below a hard, resistant medium-to-fine-grained
sandstone layer, approximately 0. 5m thick. Though mostly obscured by slumped
material, the sand layer appears to be offset vertically, downward to the east,
in several small steps eastward along the trench.

(2) Faulting is also suggested by the apparent vertical (downward
to east) offset of a similar sandstone bed on the north shore of holding pond A-2
on the main fork of Walnut Creek.
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(3) The location of the bright, roughly E-W trending linear feature
on the dawn thermal infrared image was inspected. The feature is a sharp,
south-facing scarplet on the south edge of the flat ridge-top gravel cap. This
scarplet receives the first rays of the morning sun, causing a sharp temperature
contrast with the flatter terrain above and below.

The area of subtle temperature contrasts on the south-facing slope
just north of pond A-2, observed on both the mid-day and dawn thermal infrared
imaging, was scanned from the ridge top at location 3. Though no sharp changes
in vegetation are apparent, there are vegetational variations which may reflect
changes in ground moisture.

An area spanning the north fork of Woman Creek was scanned from
the ridge top north of pond A-2. This was to field check a north-south trending
linear feature, apparent on the dawn thermal infrared image, and the color photo-
graph. Ground observation indicates that there is no sharply apparent topographic
expression of this feature, so that subtle changes in ground moisture and vegetation
probably account for its appearance on the images.

(4) Roadcuts in the Arapaho formation were observed on Indiana Street,
north of the intersection with the East Access Road. In this area, massive medium-
to-fine-grained sandstone near the base of the Arapaho is over- and underlain by
grayish clayey material. Some of the exposures show zones of iron-staining and
occasional iron nodules.

(5) The terrain along and south of Rock Creek was observed from the
county road bordering the north line of Sec. 36, T1S, R70W. Hurr speculates
that in this area the sandstones of the lower Arapaho formation may be displaced
200 to 300 ft vertically by an ENE-trending fault. There is no surface evidence
for the fault in this area, but well-log data and roadcuts farther east suggest its
presence.

(6) The hummocky terrain on the slopes south of Rock Creek was
observed from Colorado Highway 128 near the north border of Sec. 2, T2S, R70W.
As well as sharp breaks in therim-rock south of the creek, Hurr pointed out an
apparent offset in spring lines in the clayey Arapaho. This area lines up along
the projection of the strike of the possible NNW-trending fault/shear zone observed
in the holding pond area.

(7) The Eggleston Reservoir area was visited, and a well-exposed
outcrop of purportedly Fox Hills sandstone (Spencer, 1961) was inspected.
This sandstone, where freshly exposed west of the reservoir, is light-colored,
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fine grained, quartzo-feldspathic, with some dark lithic grains. In a more
weathered exposure near the reservoir's right abutment, the sandstone is
buff and iron stained. Ground inspection northeast of the reservoir showed
no indication of the Eggleston fault, but slickensided clayey material, pro-
bably of the Laramie formation, in the deeply eroded natural "spillway'' below
the dam, indicated probable faulting.

It is concluded from this ground inspection that surficial features
in the eastern portion of the plant area, as well as north of the plant area,
suggest the presence of a fault or shear zone. The orientations of some
sandstone and clayey units in the Arapaho/Laramie formation in this area
strongly suggest vertical offsets, though the termination and reappearance
of beds may also be attributed to the lenticular nature of this sedimentary
sequence,

On 14 November, these findings were presented to Rocky Flats
Plant personnel. As a result of this meeting, seismic reflectivity surveys
were recommended to assist in confirming the existence of the Eggleston
fault, Subsequently, arrangements were made by Rocky Flats Plant personnel
to have the Colorado School of Mines perform the survey initially on site and
then northward along the Eggleston fault as noted by Spencer (1961).

4.2 Notes of Meetings in Connection with Rocky Flats Project, 10 December 1975

Participants: M. Thompson, J. Cleveland, C. Illsley, E. B. Jones, and H. Wollenberg
Notes: by H. A. Wollenberg

Illsley reported on Colorado School of Mines (CSM) seismic surveys
during the past weekend. CSM had not found evidence of subsurface faulting on
their north vibroseis line. We would inspect the data in the afternoon at CSM.

Jones and Wollenberg emphasized the importance of obtaining samples
and chemical analyses of well waters from the Fox Hills aquifer east of the plant
gite, Illsley said that the USGS has some analyses of these waters, and he would
check to see if the data are available, and whether tritium were analyzed.

During the mid-morning, Wollenberg, Jones, and Illsley examined
an area on the Rocky Flats gravels west of Highway 93, near and south from the
small lake in the south center of Sec. 8, T2S, R70W. This was to observe on-
site, ground conditions in an area of tone change on the 18 August 1975 color,
and 17 October mid-day thermal infrared imagery. The prominent sharp ridge
northwest of the lake is probably capped by an erosion remanent of pre-Rocky
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Flats gravels; a similar band of angular boulders forms a low ridge north of
the lake. The lake occupies a small depression at an elevation well above
that of the closest portion of Coal Creek. No apparent difference was noted
on the surface of the ground between areas of different image tone, south of
the lake, and south across Woman Creek. There was no observable difference
in ground conditions between the relatively cooler zone north of Woman Creek
indicated on the thermal infrared imagery, and warmer ground south of the
creek. The cooler area may represent a zone of near-surface groundwater
flow from Coal Creek into and through the Rocky Flats gravels west of the
plant site. The zone's infrared and color photograph "signature' suggest
possible hydrologic communication between these gravels and those on the
plant site.

The Colorado School of Mines was visited in the afternoon to see
results of the 6 and 7 December vibroseis reflection surveys across the suspected
fault/shear zone north and east of the plant area. Present were T. Davis and
G. Keller of CSM, Cleveland and Illsley of RFP, and Jones and Wollenberg.
Velocity diagrams from the two survey lines were inspected, and indicated
no apparent offsets of Fox Hills, Pierre, or deeper sedimentary units beneath
the plant site, This indicates no evidence of appreciable NNW-SSE faulting on the
RFP site (Davis, 10 Dec 75). Previous seismic data of T. Davis showed offsets
associated with Denver Basin growth faults, northeast of Eggleston Reservoir,

It was planned to continue reflection profiling, with two lines
immediately north and south of Eggleston Reservoir, across the expected
position of the Eggleston Reservoir fault; a third line 1 mile south of the
Reservoir; and a north-south line along Indiana Avenue (the east boundary
of RFP), to check the presence of faults which may project on-site from the
northeast, Priority will be given to the confirmatory lines in the vicinity of
Eggleston Reservoir, for comparison with data from lines on-site.

5. RECOMMENDATIONS

Recommendations for further studies of the Rocky Flats site can
be divided into two categories: (1) geological studies to better determine the
geological structure of the site and (2) hydrological studies to better understand
the water balance of the site.
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5.1 Geological Studies

Examination of airborne imagery and surface features strongly
suggests the presence of a fault or shear zone in the eastern portion of the
RFP site area. As indicated previously, Hurr (1975) suggested that such
a zone may be the southern extension of the Eggleston Reservoir fault.
Spencer (1961) stated that the Eggleston Reservoir Fault is a reverse fault,
dipping steeply to the west, with beds offset 200 to 300 ft vertically, Where
observed on the ground in the vicinity of the plant site holding ponds, offsets
are probably less than 50 to 20 ft. Therefore, if the fault/shear zone in the
eastern portion of the plant site is a southerly extension of the Eggleston
Reservoir Fault, a substantially different degree of offsetting has occurred
on the fault between the two locations. Subsequent studies should be designed
to confirm or deny the presence of the fault, and if it is present, whether or
not it provides communication between surface or shallow water at the plant
site and aquifers at depth in the Laramie and Fox Hills Formations. Recom-
mended procedures for the evaluations follow:

A. Chemical and radiometric analyses of water from wells
penetrating the Laramie-Fox Hills aquifer, east of the
plant site should be conducted.

B. A geophysical survey of the fault/shear zone area,
utilizing seismic sounding techniques should be ac-
complished, to determine the presence and extent of
offset or distortion of beds crossing the zone. Because
of the inferred difference in magnitude of offsets, a
seismic line should be oriented in the northern portion
of the site area, as well as a line across the zone in the
vicinity of the holding ponds.

C. Itis strongly recommended that the north-south line
along and north from Indiana Avenue also be surveyed
as soon as possible. It is important to confirm or deny
the presence of any faults that may underlie the RFP site.

NOTE: Vibroseis reflection surveys conducted by the Colorado
School of Mines during the period 13 through 21 December 1975, transecting
the area of the suspected shear zone, indicated no apparent offsets of beds at
depths exceeding 600 ft. (The resolution of the technique is stated to be =~ 20 ft,)
Similar vibroseis traverses on 28 December in the vicinity of Eggleston Reservoir
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Fault (Davis, 29 December 1975; Spencer, 1961), indicated no apparent
offsets of beds at depth in that area.

5.2 Suggested Hydrologic Studies

The work thus far has suggested two main thrusts for future
hydrologic studies. First, the source of the water which appears as
springs in the vicinity of the plant should be identified insofar as reason-
ably practical. Second, a monitoring program should be designed in order
to continue to ensure knowledge of the sources and disposition of this water.
(Some of this suggested effort is underway, and will be reported elsewhere.)

To accomplish the first task, one must not only have a water
balance in the plant, but must also show how the water enters and leaves
the surrounding area. Verbal communications with Rocky Flats personnel
indicate that in-plant water-balance studies have been made -- thus a portion
of this work is underway. The water balance of the surrounding area is con-
sidered to some extent by Hurr (1975) in the current U. S. Geological Survey
draft dealing with this area. Conversations indicate that the current USGS
report does not contain the detail that may ultimately be desired by Rocky
Flats Plant personnel,
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OBJECTIVE

The purpose of this project was to investigate the possible
existence of faults in the vicinity of the U.S. Atomic Energy

Commission's Rocky Flats Plant.

INVESTIGATION PROCEDURE

During the time interval December 9-28, 1975 and February 10
through April 1, 1976, Rockwell International Inc., operator of
the Rocky Flats Plant, contracted and financed the acquisition,
processing and interpretation of 15 miles of seismic reflection
data in the vicinity of the Rocky Flats Plant. The survey was
performed through the Geophysics Fund Inc., under the direction
of Tom Davis of the Department of Geophysics of the Colorado School
of Mines.

The VIBROSEIS (trademark of Continental Oil Company) system
of data acquisition was used throughout the project. The seismic
source involved a truck-mounted servo-hydraulic vibrator which
was made to sweep at a constant amplitude over a linear range of
frequencies during a fixed period of time. Throughout the survey
a 48 - 8 Hertz downsweep was used extending over an 8-second
duration. Data was recorded for 11l seconds from the time of
sweep initiation. The process by which the signal is recovered
is similar to that of the chirp radar method. Field records
from this seismic source show no discernible reflection informa-
tion because the seismic pulse is spread over several seconds.
The data must be computer cross-correlated with the original sweep
of frequencies before reflection information may be viewed. The
signal generated by this source was recorded by a 24-channel
digital field system DFS-10000. The source pattern at each

vibrator point (vp) consisted of 27 sweeps spaced over 10-foot

intervals. Distance between source points (vps) varied from line
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to line but was either 400 or 600 feet. The receiver pattern
consisted of 15 geophones stretched over 200 feet. Information
during each vibration was recorded by 24 sets of these geophone
arrays. The spacing between the geophone groups varied from

line to line but was either 200 or 300 feet. Data acquired was
processed on the Geophysics Department's Phoenix minicomputer.

A standard processing sequence of demultiplexing, summing, cross-
correlating, and stacking was performed.

Seismic data was acquired in the general vicinity of the
Rocky Flats Plant (lines 1-8) and Eggleston Reservoir north of
Highway 128 (lines 1-3) as shown in Figure 1. These lines were
located according to topographic considerations with the specific
geologic objective in mind. One line traversed the entire extent
of the plant (line 6). The ecological advantage of the VIBROSEIS
technique was demonstrated throughout the project but most important

during the Central Avenue traverse.

INTERPRETATION

Geologically, the Rock Flats Plant is situated as depicted
in Figure 2. A stratigraphic column is illustrated in Figure 3.
The Rocky Flats (Figures 4-11) and Eggleston (Figures 12-14)
seismic lines were interpreted as shown. The data quality facili-
tated the interpretation. In addition, the seismic data was tied
to the Tom Jordan Marshall Lake Well (22-1S-70W) for horizon
control and subsurface velocity information. A synthetic seismo-
gram (Figure 15) run from the sonic log in the well enabled a
good seismic-well tie. Seismic data made available by Tom Jordan
(Davis, 1974) was tied directly to the Rocky Flats data. Two
maps (Figures 16 and 17) were prepared on the Top and Base of the

Pierre Shale respectively.
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The maps and related seismic sections illustrate that two
types of fault systems are present in the Rocky Flats area.
One fault system is locally restricted to the Upper Pierre
Shale and Laramie-Fox Hills sections. It is depositional in
nature and related in a growth fault manner documented by
Davis (1974) and Weimer (1973). An associated basement-controlled
fault system exists on the western and southern extremity of
the shallow growth fault system. The basement-controlled fault
system localized deposition of the Upper Pierre Shale and Laramie-
Fox Hills intervals. Sedimentation rates and thickness accumula-
tions were greatest within the downfaulted graben area to the
north of the Rocky Flats Plant. The basement-controlled faults
to the west and north of the Rocky Flats Plant exhibit a growth
history as well. Displacement at the Niobrara level is approxi-
mately 150-200 feet whereas displacement at the Top of the Pierre
is in the order of 50-75 feet. The Precambrian basement configura-
tion conforms to the Top of the Niobrara structure map. It is
located approximately 4000 feet beneath the Niobrara horizon.
Displacements on the basement across the basement-controlled
faults appears to be in the order of 300-350 feet. Displacement
varies with lateral position on the basement-related faults as
well. The north-south fault has more displacement than the north-
east trending fault. In addition the north-south trending fault
has more displacement in the southern portion of the map area
than it has in the north; ie., the fault dies out to the north.
The northeast trending fault has more displacement in the south-

west and displacement diminishes in a northeasterly direction.




SUMMARY

Interpretation of 15 miles of seismic reflection data in the

vicinity of the Rocky Flats Plan reveals:

a. Two distinct but associated fault systems exist in the
area. A basement-controlled graben area to the north
of the Rocky Flats Plant localized sedimentation in the
form of a depocenter throughout Late Cretaceous time.
Associated penecontemporaneous growth faulting exists in
this graben area. These faults are northeast trending
and do not trend into the plant area.

b. The Rocky Flats Plant is located on the stable, upthrown,
horst block south of the graben area north of Highway 128.
There is no evidence for shallow, penecontemporaneous,
growth faults within this basic structural element. The
structural block on which the plant is located is flanked
one mile to the west and north by two basement-controlled
faults which fault the entire sedimentary section. Near-
surface displacement on these faults is in the order of
50 feet.

c. No faults exist within the immediate area of the Rocky

Flats Plant.
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FIGURE 16. Structure contour map on the Top of the
Pierre Shale (conversion velocity is 7500 ft/sec).
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FIGURE 17. Structure contour map on the Top of the Niobrara
(see Davis, 1974 for conversion velocity map).
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CO-CNS -2 (formerly CO-L2) U. S. Dept. of Agriculture
5/69 Soil Conservation Service
(file code CONS-1);)

CONSERVATIN PLAN MAP AND
’SOIL AND CAPABILITY MAP LEGIND SHEET

Different kdnds of soil, range sites, or woodland sites are separated on the
map by solid black lines. Within each area is an identifying symool or
name, The following symbols are shovm on your map:

Symbol or Site Name Generalized Descriptions

(Detailed descriptions are available in
your Soil Conservation Service office.)

Overflow In the potential plant cowmnity tall crasses form
a major part oi the vegetatien with mid and short
grasses intermixing to form an almnost continuous
cover. Switchgrass, lug bluestem, western whaat-
grass, green needlegrass, Indiangrass, blue grama
and Canada wildrye are the most atnundant species
A number of other planis are nreseat in small
amountse. Production can reach 3000 pounds of
air dry vegetation per acre per year.

Fair Condition In fair condition westsrn wheat, Kentucky bluegrass
(an intrcduced species) and hairyv grama are the
dominant species. Rush, annual bronme, switcharass,
Junegrass, and ncedle and thread are present in
lessor amounts. “umersue other planis are present

in trace amounts. Fresent production is 12CC-
1300 pounds of air dry vegetaticn per acre per
Year.

Wet Meadow In the poteritial plant community switchaorass,

Indian grass, lug btluectem cnd prairie cordiras
are the dominant grasses, Sedges and rushes
occur as an understory but are not prominent.

A variety of other grasszs and nerennial forts,
along with shru»s such as wild ress, can be
expected, but chowla be well scittered, Preduc~
tion can reacr 1000+ pournds of air dry vegetation
per acre per years

Fair Conditioun In low fair.condition Baltic rush is the dominant
(Fc-) plant. Nebrasra sedze, Kentucky bluegrass, slender

wheatgrass, sleewr grass snd cannda thictie are ale
prominent,, A number of other forbs aprear in cmall
amounts. Production is presently nround 1800+
pouncs of air dry vegeiation per acre per yeare




CO-CaNS-2 (formerly CO-L2) U. S. Dept. of Agriculture

5/69 CONS-11,) So0il Conservation Service
(file code CONS-1),

CONSERVATION PLAN MAP AND
>SOIL AND CAPABILITY MAP LEGEND SHEET

Different ldnds of soll, range sites, or woodland sites are separated on the
map by solid black lines. Within each area is an identifying symbol or
name, The followlng symbols are shown on your map:

Symbol or Site Name Generalized Descriptions

(Detailed descriptions are available in
your Soil Conservation Service office.)

Clayey Foothill In the potential plant community, Western wheatarass,
green needlegrass and needle and thread dominate the
site. Sandberg bluegrass, blue grama, tuffalograss
and Indian riocegrass are present in  essor amountse
A number of forbs are precgent in small amountse. Pro-
duction can reach 1000+ pounds of air dry vegetation
per acre per yvear,

Excellent Condition In excellent coandition western wheatsrass and green
(EC) needle grass are the dominsn! grasses. Checatsrass,
biscutroot, curlycup gumweed, salsifly, comandra and
a number of other-forbs are present in small amomtse.
Production is 1@0C@1L00+ pounds of -air dry vegectation
pér acre per years.

Good Condition In good condition Western wheatgrass, junegrass, green
(GC) needle grass, buffalograss and Kentucky bluerrass
dominate the site. A large number of Fforbdbs -anpear
in small amounts. Production is around 800-900 pounds
of air dry vegetation per acre per year.

Fair Condition In fair condition buffalograss, Kentucky bluegrass and
(FC) western wheatgrass dominate tnis site. Sma2ll emounte

of cheatgrass, salsify and other forts ars present.

Productign is 300-400 pounds of air dry vegetatica

per acre per yeare




CO-C®iS-2 (formerly CO-L2) U. S. Dept. of Agriculture

5/69

Soil Conservation Service

(file code CQS-1l;)

CAISERVATIG! PLAN MAP AND
'SOLL AND CAPABILITY MAP LEGEHD SHEET

Different kinds of soil, range sites, or woodland sites are separated on uvhe
map by solid black lines. Within cach area is an identifying symool or
name, The folloilng symbols are showm on your map:

Symbol or Site Name Generalized Descriptions

Cobbly Foothill

(Detailed descriptions are available inp
your Soil Conservation Service office )

In the potential plant copununity lug b‘rthem, littls
bTLﬂ“teﬂ, mountain muhly, sideoats groma, prairie drop-
seed, switchirass, vellow indiangrass and needle and
thread are the dominent ;r:>qo~ They are mixed with
Jessor amounts of blue rrauu, Junegrass, and western
wheatgrass. Cudweed sare, halry goldaster, w%nged suck_
wheat, sandwort, purple pradrie clover, wpenstemon and

a number of other forbs ore present in small amountse
Production =an rezch 2,500 pounds of air dry vegetation
per acre per year,

Excellent Condition In excellent condition the coqposition is close to that
EC) listed above (near the potential) with small amounts of

Good Condition

(¢c)

Fair Condition

(7C)

Poor Condi.tion
(PC)

annual broae, prickly pear and fringed sane present.
Production is near 2000 pounds of air dry vegetation
per acre per year,

In rood condition needle and thread is the dominant arasse.
Little bluectem, sedge, sidecats g rana and blue grama are
also provinent. A larre numver of forbs are nresent in
small amounts. Production ranges from 1200-1500 pounds

of air dry vegetation per acre ver years

In fair condition needls and thread, junegrass, wastern
wheatgrass, buffalorrass, littls bluestem and annua;
brone are the dominant rracres, Sedee is also orominent.

A large number of forbz =zre nresent with halry goldaster
dorinating sone small arcas.  Prouuction ranges {rom
600-900 pounds of air dry veretnticn per acre per vear,

Disturbed sreas vhere excavation, ctece., has taken pluze
fall into this condition. Cheatgrass, wormwood, sweet-
clover, snazkewced, vestern rasweed, in some areas annual
rye (sceded), and muny forhs dominxte the site. My
trace amounts of tnhe potential plant community appears.
Production averares around 300 pounds of air dry

verctation pol atre X voar.
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SUBJECT:

TO:

UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

SOIL SURVEY - Soil Survey and Interpretations for pate. 12-18-75
Rockwell International - Rocky Flats Division Request

Doug Lofstedt, Acting DC, Golden Field Office, SC8

Attached is the following:

1. Soil survey map on a scale of 1:24,000, mapped in accordance with
current soil survey policy and procedure. (Also a negative cf soil map.)

2. Soil mep unit descriptions conteining information concerning physio-
graphy, soil characteristics, use and management.

3. Soil series interpretations for Denver, Kutch, Nederland, Runn and
Valmont Series.

4. General description of socils for area,

Soil interpretations are from the draft manuscript for the Jeffexrson
County So0il Survey which is now in progress and is to be completed
December 1978. Draft munuscript materiasls for the soil survey are
maintained in the Golden SCS Field Office and Jeffeco Solil Survey Office
located at the Denver Federal Center, Building ul.

ﬂ, . — 74
Y N VI e AV A

Alen B, Amen
Party Leader, Jeffco Soil Survey




SOIL SURVEY - ROCKY FLATS PIANT

A s0il survey map of the area requested has been made on a scale of
1:24,000 ir accordance with current soil survey policy and procedure.

Attached are the following Soil Interpretations:

(1) sSoil map unit descriptions containing information concern-
ing physiography, relief, soil characteristics, use and
management .

(2) Soil Survey Interpretations for the Denver, Kutch, Netherland,
Nunn and Valmont Soil Series.

Additional information for specific areas can be made available.







SOIL SURVEY LEGEND FOR ROCKY FLATS REGUEST

2A Alluvial and Stream Channel Lands, O to 2 Percent Slope
8a Nunn Cle Loam, O to 3 Percent Slope
8B Nunn Clay Loam, 3 to 5 Percent Slope
8C Nunn Clay Loam, 5 to 9 Percent Slope
1kc Denver Clay Loam, 5 to 9 Percent Slopec
18A Englewood Clay Loam, O to 3 Fercent Slope
28 Midway Clay Loam, 5 to 28 Percent Slope
L1p Kutch-Denver Clay Loam, 9 to 18 Percent Slope
XLl Denver-Kutch-Midway Soils, 9 to 25 Percent Slope
S50A Nederland Cobbly Gravelly Sandy Loam, O to 3 Percent Slope
50K Nederland Cohbly Gravelly Sandy Loam, 9 to 45 Percent Slope
51A Valmout Gravelly Clay Loam, O to 3 Percent Slope
52D Unnamed (Rocky Flats) Gravelly Toam, 9 to 28 Percent Slope
X52 Unnamed (Rocky Flats) - Nunn Complex, 5 to 9 Percent Slope
53D Moderately Steep and Steep Gravelly Land, 15 to 45 Percent Slepe
90 Arguistolls, Wet, 5 to 12 Percent Slope

101 Borrow Area-Shales and Clayey Soils

GP Gravel Pit




CO-CANS =2

CAPABILITY GROUPS OF SOILS

Capability classification is the grouping of soils to shov, in a general way,
their suitability for most kinds of farming. It is a practical classification
based on limitations of the soils, the risk of damage when they are used, and
the way they respond to treatment. The soils are classified according to
degree end kind of permanent limitation, but without consideration of ms)or
and generally expensive landforming that would change the slope, depth, or
other characteristics of the soils; and without consideration of possible but
unlikely mejor reclemation projects.

Roman numerels are used to show the 8 broad Capability Classes and letters

follow the class numeral to indiczte the principal problem or hazard. Classes
and sub-clesses used are as follows:

Class I - Few or no limitations that restrict choice of crops or require
conservation measures.

Cless II - Some limitations that reduce the choice of crops or require
moderate conservation measures.

Claes III - Severe limitations that reduce choice of crops or require
epecial conservation practices or both.

Cless IV - Very severe 1limitations that restrict the choice of crops, require
very careful management, or both.

Cluss V - Not suited for cultivation but has few or no hazards when used for
p* “ture, renge, wvoodlend or wildlife.

Class VI - Fot suited for cultivation. Severe limitations. Suited for range,

psature, voodland or wildlife with careful management and needed conservacion
prectices.

Class VII - Kot suited for cultivation. Very severe limitations. Suited for
range, woodland or wildlife uses if carefully managed. Usually cannot apply
physical pructices such as pitting, furrowing, seeding, etc.

Class VIII - Rot suited for cultivation, range, pasture or woodland. Suited
only for recreation, wildlife, water supply or esthetic purposes.

e - Erosion by wind or water is the major probdblem.

v - Excessive vater much es wetness, overflow, or high water table.

8 - Major problem iz in the soil, It may b: tco chzllow, too heavy, stony,
lov in fertility, sslty, clkaline or have lov moiature capacity.

¢ - Climate is the major hazard. Groving season may be very short, there is
a shortage of rainfell or both.

Exsizples:
IJIe - Clans III lrnd wvhere erosion is the major hazerd.

IVc - CRass IV lend where the climate is the major problem.




2A--Mixed Alluvial Larnds Bordering Channels and Stream Courses

These are deep, well drained, frequently flooded loamy soils occurring
along intermittent drainage channels and creeks. Soils are forming

in stratified alluvial fill materials thst are extremely variable in
texture, including sandy loams, gravelly and cobbly materials, and
loams, derived from mixed sources. Slopes are nearly level to gently

sloping.

Included in this unit are channels and creek beds.

These lands are used primarily for grazing, and hive aesthetic value
in the landsczpe. These lands are not suited for urban uses because
of the flooding hazard. They are not suited for cultivation in that
they are divided by stream channels, subject to frequent flooding

and have highly variable textures.

Permeability is moderate to rapid. Available water capacity is low
to moderate. Effective rooting depth is 60 inches or more. Erosion

hazards are severe.

The rangeland vegetation on this unit is typical of the Overflow Range
Site. Dominant grasses are switchgrass, big bluestem, western wheat-

grass, Indian grass, and blue grama. Controlled grazing is necessary

to maintain vigor in key fcrage species. Periodic summer deferment

of grazing will help improwve or maintain range condition.

Capability Subclass: V1w

Overflow Range Site.




BA--Nunn Clay Loam, O to 3 Percent Slope

This is a deep, well drained soil formed in calcareous loamy mixed
alluvium deposited on terraces, fens and uplands. Slopes are nearly .

level to gently sloping.

Included in this unit are Denver clay loams and Englewood clay loams

on slopes of O to 3 percent.

Typically the surface layer is very dark grayish brown clay loam about
8 inches thick. The subsoil is dark grayish brown heavy clay loam or
clay about 18 inches thick. The substratum is calcareous loam and light

clay loam alluvium extending to 60 inches or more.

Permeability is slow. Effective rooting depth is 60 inches or more.
Available water capacity is high. Surface runoff is slow, and wind
and water erosion hazards are slight. These soils are somewhat difficult

to till because of the clay loam surface ancd subsoil.

This soil is used for irrigated and nonirrigated cropland, grazing, and

urban uses.

Management concerns in irrigated arcas of this soil are efficient use of
irrigation water, and preventing soil loss. This soil is suited to

furrow and border irrigation.




In nonirrigated cropland areas the main objectives of management are
conserving moisture and protecting the soil from erosion. Practices
such as stubble mulch tillage and incorporating crop residues in and
on the surface are needed to protect surface soil blowing and improve
water infiltration. The number of tillage operations should be kept
to a minimum. Tillage pans form easily if the soil is tilled when

wet. Chiseling or subsoiling breaks up tillage pans and improves

water infiltration.

Rangeland vegetation is mostly mid-grasses and cool season forbs
typical of the clayey foothills range site. Dominant grasses are
western wheaigrass, green needlegrass, blue grama, buffalo grass,
Indian rice grass and native bluegrasses. Common forbs are winter
fat, small pod vetch, fringed sage and arnica. Controlled grazing
is needed to maintain vigor in key forage species. Periodic summer
deferment of grazing will help improve or maintain range conditions.
Fencing and careful location of livestock watering facilities

improves grazing distribution.

Windbreaks and ornamentzl plantings are difficult to establish on
this soil due to limited available water. Summer fallow a year before

planting and supplemnental watering are necessary for the survival and

establishment of plantings.




This soil is limited for homesites and roads by high shrink-swell
potential. This can be overcome by special building designs or

backfilling with more suitable material.

Capability Subclass: 1IIe, irrigated.
IIIs, nonirrigated.

Clayey Foothills Range Site.
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8B--Nunn Clay Loam, 3 to 5 Percent Slopes

This is a deep, well drained soil on gently sloping alluvial fans
and valley sideslopes. It formed in calcareous clayey z2lluvial mate-
rial. The average annual precipitation is 13 to 15 inches. Slopes

are gently sloping.
Included in this unit are small areas of Denver soils.

Typically the surface layer is very dark grayish brown clay loam about
6 inches thick. The subsoil is dark grayish brown heavy clay loam and
clay about 14 inches thick over brown calcareous clay loam about

5 inches thick. The substratum is calcareous loam and light clay loam

alluvium extending to 60 inches or more.

Permeability is slow. Effective rooting depth is 60 inches or more.
Available water capacity is high. Surface runoff is rapid, and wind
and water erosion hazards are moderate. These soils are somewhat diffi-
cult to till because of the clay loam surface and subsoils. They have

a moderate shrink-swell potential.

This soil is used for irrigated and nonirrigated cropland, grazing and

urban uses.

Management concerns in irrigated areas of this soil are efficient use
of irrigation water and preventing soil loss. Slopes on this unit

require contour furrow or contour border irrigation.




Rangeland vegetation is mostly mid grasses and cool season forbs typical
of the clayey foothills range site. Dominant grasses ere western wheat-
grass, green needlegrass, blue grama, buffalo grass, Indian ricegrass

and native bluegrasses. Common forbs are winter fat, small pod vetch,
fringed sage, and arnica. Controlled grazing is needed to maintain vigor
in key forage species. Periodic summer deferment of grazing will help
improve or maintain range conditions. Fencing and careful location of

livestock watering facilities improves grazing distribution.

Windbreaks and ornamental plantings are difficult to establish on this
soil due to limited available water. Summer fallow a year before plant-
ing and supplemental watering are necessary for the survival and estab-

lishment of plantings.

This soil is limited for homesites and roads by slope and high shrink-
swell potential. These can be overcome by compensating measures such
as special building designs or backfilling with more suitable

materials.

Capability Subclass: 1II1Ie, irrigated.
ITIe, nonirrigated.

Clayey Foothills Rapge Site.




8C--Nunn Clay Loam, 5 to 9 Percent Slope

This is a deep, well drained soil on moderately sloping valley sideslopes
and ridges. It formed in calcareous clayey alluvium. The average annual

precipitation is about 15 inches. Slopes are moderately sloping.

Included in this unit are small areas of Denver clay loam on 5 to 9 per-

cent slopes.

Typically the surface layer is very dark grayish brown clay loam about
5 inches thick. The subsoil is dark grayish brown heavy clay loam and
clay about 14 inches thick over brown calcareous clay loam about 5 inches
thick. The substratum is calcareous loam and light clay loam alluvium

extending to 60 inches or more.

Permeability is slow. Effective rooting depth is 60 inches or more.
Available water capacity is high. Surface runoff is rapid, water erosion
hazard is high and wind erosicn hazard is moderate. These soils are some-
what difficult to till because of the clay loam surface and subsoil

textures. They have a moderate shrink-swell potential.

This s0il is used for irrigated and nonirrigated cropland, grazing and

urban uses.

Management concerns in irrigated areas of this soil are efficient use of
irrigation water and preventing soil loss. Slopes on this unit require

contour furrow or contour border irrigation.




In nonirrigated cropland areas the main objectives of management are
conserving moisture and protecting the soil from erosion. Practices
such as stubble mulch tillage and incorporating crop residues in and
on the surface are needed to protect surface soil blowing and improve
water infiltration. The number of tillage operations should be kept

to a minimum,

Tillage pans form easily if the soil is tilled when wet. Chiseling or

subsoiling brealsup tillage pans and improves water infiltration.

Rangeland vegetation is mostly midgrasses and cool season forbs typical

of the clayey foothills range site. Dominant grasses are western wheat-
grass, green needlegrass, blue grama, buffalo grass, Indian rice grass

and native bluegrasses. Common forbs are winter fat, small pod vetch, fringed
sage and arnica. Controlled grazing is needed to maintain vigor in key

forage species. Periodic summer deferment of grazing will help improve or
maintain range conditions. Fencing and careful location of livestock

watering facilities improves grazing distribution.

Windbreaks and ornamental plantings are difficult to establish on this
soil due to limited available water. Summer fallow a year before
planting and supplemental watering are necessary for the survival and

establishment of plantings.

This soil is limited for homesites and roads because of high shrink-

swell potential and slope. This can be overcome by speciel building

designs or backfilling with more suitable material.




Capability Subclass: 1IVe, irrigated.
IVe, nonirrigated.

Clayey Foothills Range Site.




14C--Denver Clay Loam, 5 to 9 Percent Slopes

This is a deep, well drained soil on upland hills, ridges and side-

slopes. It formed in calcareous, clayey alluvium.

Included in this unit are small areas of Kutch clay loam in crest

positions on slopes of 5 to 9 percent.

Typically the surface layer is grayish brown clay loam about 4 inches
thick. The subsoil is about 30 inches thick brown clay with pale
brown calcareous clay in the lower part. The underlying material is
very pale brown clay loam that is strongly calcareous extending to

a depth of 60 inches or more.

Permeability is slow. Available water capacity is high. Effective
rooting depth is 60 inches or more. Surface runoff is moderate, and
water and wind erosion hazard is moderate. These soils have a high

shrink-swell potential. They are moderately alkaline.

This soil is used for irrigated and nonirrigated cropland and grazing.

Clayey surface and subsoil layers make tillage difficult.

Management concerns in irrigated areas of this soil are efficient

use of irrigation water and preventing soil loss. Slopes on this

unit require contour furrow or contour border irrigation. Shorter
irrigation runs and smaller amounts of water are needed to minimize soil

loss.




In nonirrigated areas, the main concerns of management are consefving
moisture and protecting the soil from erosion. Practices such as
stripcropping perpendicular to the prevailing wind, and leaving
stubble mulch on soil not protected by a growing crop will help to
prevent wind erosion. 1Incorporating crop residues in or on the
surface is also an effective means of improving soil tilth and con-

serving available moisture.

Rangeland vegetation is mostly mid grasses and cool season forbs
typical of the Clayey Foothills Range Site. Dominant grasses are
western wheatgrass, green needlegrass, blue grama, buffalo grass,
Indian ricegrass, and native bluegrasses. Common forbs are winter-
fat, small pcd vetch, fringed sage, and arnica. Controlled grazing
is needed to maintain vigor in key forage species. Periodic summer
deferment of grazing will help improve or maintain range conditions.
Fencing and careful location of livestock watering facilities improve

grazing distribution.

Windbreaks and ornamental plantings are difficult to establish on thic
soil due to limited available water. Summer fallow a year befcre

planting and supplemental watering are necessary for the survival

and establishment of plantings.




This soil has moderate limitations for homesites and roads due to
slope and high shrink-swell potential. These problems may be
overcome with special designs and measures such as backfilling.
Soil loss to erosion during construction can be minimized by em-

ergency tillage or mulching.

Capability Subclass: 1IVe, irrigated.
IVe, nonirrigated.

Clayey Foothills Range Site,




18A--Englewood Clay Loam, O to 3 Percent Slopes

This is a deep, well drained soil forming on gently sloping alluvial
fans, flood plains and drainage ways. It formed in calcareous clayey
alluvial parent materials weathered from sedimentary rock. Average

annual precipitation is 13 to 15 inches. Slopes are nearly level to

gently sloping.

Included in this unit are small areas of Denver clay loam on slopes

of O to 3 percent.

Typically the surface layer is very dark grayish brown clay loam about
5 inches thick. The subsoil is very dark grayish brown clay about

25 inches thick. The substratum is olive gray heavy clay loam with
visible calcium carbonate concretions extending to depths of 60 inches

or more.

Permeability is slow. Effective rooting depth is 60 inches or more.
Avallable water capacity is high. Surface runoff is rapid, water
erosion hazard and wind erosion hazards are slight. These soils are

subject to occasional flooding during spring and summer months.

This soil is used for irrigated and nonirrigated cropland, range and
urban uses. Tillage may be difficult due to the amount of cl=y in the

soil, and operations should be kept to a minimum to prevent compaction.




Management concerns in irrigated areas of this soil are effecient use
of irrigation water and measures to prevent salt buildup. Using
irrigation only when needed will prevent excess upward salt movement.

These soils are suitable for border and furrow irrigation.

In nonirrigated areas, the main concerns of management are conserving
moisture and protecting the soil from erosion. Practices such as
stripcropping perpendicular to the prevailing wind and leaving stubble
mulch on soil not protected by a growing crop help to prevent wind
erosion. Incorporating crop residues in or on the surface is also

an effective means of improving soil tilth, conserving moisture, and

protecting secil.

Rangeland vegetation is mostly midgrasses and cool season forbs, typical
of the Clayey Foothills Ran- Site. Dominant grasses are western wheat-
grass, green needlegrass, blue grama, buffalo grass, Indian ricegrass,
and native bluegrasses. Common forbs are winter fat, small pod vetch,
fringed sage, and arnica. Controlled grazing is needed to maintain
vigor in key forage species. Periodic summer deferment of grazing

vill help improve or maintain range conditions. Fencing and careful

location of livestock watering facilities improves grazing distribution.

Windbreaks and ornamental plantings are difficult to establish on this
soil due to limited available water. Summer fallow a year before plant-
ing and supplemental watering are necessary for the survival and estab-

lislment of plantings.




This soil is limited for homesites and roads by high shrink-swell
potential. This can be overcome by compensating measures such as

specizl building designs or backfilling with more suitable materials.

Capability Subclass: IIs, irrigated.
IITe, nonirrigated.

Clayey Foothills Range Site.




28--Midway Clay Loam, 5 to 28 Percent Slope

This soil consists of shallow, well drained soils on upland ridges,
knobs and sideslopes. It formed in mildly alkaline, loamy materials
derived from interbedded shale. Slopes are moderately sloping to

moderately steep.

In a representative profile the surface layer is a grayish brown,
mildly alkaline clay loam about 4 inches thick. The underlying
material is a light olive brown, mildly alkaline clay loam about
10 inches thick. At a depth of about 14 inches is an interbedded

shale.

Permeability is moderate. Effective rooting depth is 9 to 20 inches
and available water capacity is low. Swrface runoff is medium to

rapid. Erosion hazards are severe.

This soil is best suited for grazing. The native vegetation consists
of grasses and forbs typical of the shaley foothills range site. Range
management practices such as deferred grazing and proper grazing use

are essential in maintaining forage production.

Soil depth and slope are severe limiting features when considering

these soils for homesites, roads and urbzaization.

Capability Subclass: VIIe.

Clayey Foothill Range Site.




X4l--Denver-Kutch-Midway Soils, 9 to 25 Percent Slope

These strongly sloping to moderately steep soils are on upland ridges
and valley side slopes bordering drainage ways. Areas are divided by
many secondary drainage ways. The average annual precipitatior ranges
from 13 to 17 inches. Denver clay loam soils make up about 60 percent
of the unit, Kutch clay loam about 25 percent and Midway clay loam
about 15 percent. The Denver soil is on mid-slope and foot slope
positions with slopes of 9 to 18 percent. The Kutch soils are on
crest slope positions with 9 to 25 percent slopes. The Midway soils
are on steeper knob-like areas with slopes of 18 to 25 percenyi)where
shale lies near the surface, and commcnly have 5 to 25 percent cobble

scattered on the surface.
Included in this unit are small areas with slopes of 25 to 35 percent.

The Denver soil is a deep, well drained soil. It formed in calcareous,

clayey alluvium.

Typically the surface layer is grayish brown clay loam about 5 inches
thick. The subsoil is about 22 inches thick, brown clay and is cal-
careous in the lower part. The underlying material is very pale brown
cley loam that is strongly calcareous extending to a depth of 60 inches

or more.

Permeability is slow, available water capacity is high. Effective rooting

depth is60 inches or more. Surface runoff is rapid and erosion hazard

is high.




The Kutch soil is a moderately deep, well drained soil. It formed

in calcareous, clayey materials weathered from shale.

Typically the surface layer is grayish brown clay loam about U4 inches
thick. The subsoil is dark grayish brown and light ‘brownish gray
clay about 17 inches thick. The substratum layer is light gray clay
loam about 12 inches thick. Soft shale is at a depth of about 33

inches.

Permeability is slow. Effective rooting depth is 20 to LO inches.
Available water capacity is moderate. Surface runoff is rapid, water

erosion hazard is high, and wind erosion hazard is moderate.

The Midway soil is a shallow, well drained soil. It formed in mildly

alkaline, clay loam materials derived from shale.

Typically the surface layer is a grayish brown, mildly alkaline clay
loam about 4 inches thick. The underlying material is a light olive
brown, mildly alkaline clay loam about 10 inches thick. At a depth

of about 14 inches is an interbedded shale.

Permeability is moderate. EfTfective rooting depth is 9 to 20 inches.
Available water capacity is low. Surface runoff is rapid. Water

erosion hazard is high.
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These soils are used mainly for grazing. They are not suited for

cropland.

Rangeland vegetation of this unit consists of grasses typical of the
clayey foothills range site. Careful attention to proper grazing use
is needed on this unit to prevent depletion because it is difficult

to revegetate. Periodic deferment of grazing is an effective practice
to help improve or maintain range conditions. Fencing and careful

location of livestock watering facilities improve grazing distribution.

Windbreaks and environmental plantings are generally not suited on this
unit. On-site investigation is needed to determine if plantings are

feasible.

The primary limiting soil properties for homesites, urban developments
and roads are slope, shrink-swell potential. slow permeability, and
depth to bedrock in areas of midway and Kutch soils. Intensive and
costly compensating measures are needed to minimize these limiting

properties.

Capability Subclass: ViIe, nonirrigated.

Clayey Foothills Range Site (Denver and Kutci Soils)
Shaly Foothills Range Site (Midway Soils)
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41D--Kutch-Denver Complex, 9 to 18 Percent Slopes

These strongly sloping to moderately steep soils are on uplands and

valley sideslopes. The average annual precipitation is about 15 inches.
Kutch clay loam, 9 to 18 percent slopes, makes up about 45 percent of

the unit, and Denver clay loam, 9 to 18 percent slopes. makes up about

35 percent of the unit. The Kutch soils are on ridge crests and shale
break areas where shale is within 4O inches of the surface. The Denver
soils are in midslope and footslope positions where clayey alluvium locally

weathered from shale has been deposited.

Included are small areas of Nunn clay loams on 5 to 9 percent slopes in foot
slope positions. A few shallow Midway clay loams and shale outcrops
occur in midslope and ridge crest positions on 9 to 25 percent slopes.

Some shale exposures occur due to severe erosion in the unit.

The Denver soil is a deep, well drained soil. It formed in calcareous

clayey alluvium.

Typically the surface layer is grayish brown clay loam about S inches
thick. The subsoil is brown clay about 22 inches thick and is calcareous
in the lower part. The underlying material is strongly calcareous very

pale brown clay loam extending to 60 inches or more.

Permeability is slow. Effective rooting depth is 60 inches or more.
Available water capacity is high. Surface runiff os rapid, water erosion

hazard is high, and wind erosion hazard is moderate.
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The Kutch soil is a moderately deep, well drained soil. It formed

in calcareous clayey materials weathered from shale.

Typically the surface layer is grayish brown clay loam about U4 inches
thick. The subsoil is dark grayish brown and light brownish gray clay
about 17 inches thick. The substratum layer is light gray clay loam

about 12 inches thick. Soft shale is at a depth of about 33 inches.

Permeability is slow. Effective rooting depth is 20 to 4O inches.
Available water capacity is moderate. Surface runoff is rapid, water

erosion hazard is high, and wind erosion hazard is moderate.

These soils are used mainly for grazing. They are not suited for crop-

land. Areas in cropland are best reseeded to grass.

The rangeland vegetation of this unit consists of grasses typical of the
clayey foothills range site. Proper grazing use is necessary to prevent
depletion of range because it is difficult to revegetate. Periodic
deferment of grazing is an effective practice to help improve or main-
tain range conditions. Fencing and careful location of livestock water-

ing facilities improves grazing distribution.

Windbreaks and environmental plantings are difficult to establish on this
unit. Summer fallow a year before planting and supplemental watering
will be necessary for the survival of plantings. On-site investigations

are needed to determine site suitability.
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The primary limiting soil properties for homesites, urban developments
and roads are slope, shrink-swell potential, slow permeability and
depth to bed rock. Compensating measures are necessary to overcome

these limitations.

Capability Subclass: VIe, nonirrigated.
VIe, irrigated.

Clayey Foothills Range Site.




50A--Nederland Cobbly Gravelly Sandy Loam, O to 3 Percent Slopes

This is a deep, well drained soil on o0ld high terraces and fans., It formed
in calcareous, gravelly and cobbly loamy alluvium. The average annual

precipitation is about 15 inches. Slopes are nearly to gently sloping.

Included in this unit are small areas of Valmont cobbly clay loam and

Nunn clay loam, all on slopes of O to 3 percent.

Typically the surface layer is grayish brown, cobbly sandy loam about

4 inches thick. The upper part of the subsoil is brown cobbly sandy
loam about 6 inches thick. The middle part of the subsoil is a brown
cobbly sandy loam about 8 inches thick and the lower part is light brown
calcareous, cobbly gravelly sandy loam. The substratum is calcareous,
cobbly, gravelly loam extending to 60 inches or more. Percent of cobble

ranges from 50 to 75 percent by volume,.

Permeability is moderate. Effective rooting depth is 60 inches or more.
Availadle water capacity is moderate. Surface runoff is slow and erosion

hazards are slight.

This soil is used almost entirely for grazing. Some small areas are used
for building sites and roads. The large amount of cobble on the surface

and scattered throuchout the profile limit the uses of this soil. It is

not suited for cultivation.




Rangeland vegetation of this soil is typical of the cobbly foothills
range site consisting mainly of Big bluestem, little bluestem, sidé;i
oats grama, mountain muhly, blue grama, switch grass, winged buck-
wheat and nailwort. Froper grazing is needed to maintain quantity and
quality of desirable vegetation. Combinations of stockwater develop;
ment, fencing and deferred grazing help improve and maint=zin range

condition.

Windbreaks and environmental plantings are difficult to establish on
these soils. Limited available water and the large amount of cobble
are the principal concerns in establishing tree and shrub plantings.
Special care, consisting of summer fallow a year in advance of planting
and supplemental water, is needed to insure establishment and survival

of plantings.

The large amount of cobble and large stones are the primary limiting

soil properties for building sites, urban development and roads.

Capability Subclass: VIIs.

Cobbly Foothills Range Site.
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50E--Nederland Cobbly Gravelly Sandy Loam, 9 to 45 Percent Slopes

This is a deep, well drained soil on old high terraces, side slopes
and fans. It formed in calcareous, cobbly and gravelly loamy alluvium.
The average annual precipitation is about 15 inches. Slopes are strongly

sloping to steep.

Included in this unit are small areas of Valmont cobbly clav loam on

slopes of 9 to 18 percent in toe slope positions.

Typically the surface layer is grayish brown cobbly sandy loam about

4 inches thick. The upper part of the subsoil is a brown cobbly sandy
loam about 12 inches thick. The lower part of the subsoil is light
brown calcareous, cobbly gravelly sandy loam. The substratum is
calcareous, cobbly gravelly loam extending to 60 inches or more.

Percent of cobble ranges from 50 to 75 percent, by volume.

Permeability is moderate. Effective rooting depth is 60 inches or
more. Available water capacity is moderate. Surface runoff is rapid.

Water erosion hazard is severe and wind erosion hazard is slight.

This soil is used almost entirely for grazing. Some small areas are used
for building sites and roads. This soil is not suited for cultivation.

The large amount of cobble on thé surface and scattered throughout the

profile and slope limit the uses of this soil.




Rangeland vegetation of this s il is typical of the cobbly foothills
range site, consisting mainly of big bluestem, little bluestem, side
oats grama, mountain muhly, blue grama, switch grass, winged buckwheat
and nail wart. Proper grazing is needed to maintain quantity and
quality of desirable vegetation. Combination of stockwater development,

fencing and deferred grazing help improve and maintain range condition.,

Windbreaks and environmental plantings are difficult to establish on these
soils. Limited available water and the large amount of cobble are the
principal concerns in establishing trees and shrubs. Special care,
consisting of summer fallow a year in advance of planting and supple-

mental water, is needed to insure establishment and survival of plantings.
The large amount of cobble and stones, and slope are the primary limiting

factors for building sites, urban development and roads.

Capability Subclass: VIIe, nonirrigated.

Cobbly Foothill Range Site.




51A--Valmont Gravelly Clay Loam, O to 3 Percent Slopes

This deep, well drained soil is located on old high terraces and benches.
It formed in gravelly and cobbly loamy alluvium. Average annual precipi-
tation ranges from 13 to 15 inches. Average annual air temperature is

L4® F, Slopes are nearly level to gently sloping.

Included are small areas of Nederland cobbly gravelly sandy loam, O to

3 percent slopes, and Nunn clay loam, Oto 3 percent slopes.

Typically the surface layer is very dark grayish-brown gravelly clay
loam about 8 inches thick. The subsoil is dark brown gravelly clay loam
or gravelly clay about 14 inches thick. The underlying layers are cal-
careous, light brown gravelly loams and cobbly gravelly loams extending

to 60 inches or more.

Permeability is moderately slow. Effective rooting depth is 60 inches
or more. Available water capacity is moderate. Surface runoff is

medium. The wind and water erosion hazard is slight to moderate.

This soil is used mainly for grazing. Some small areas are used for

nonirrigated and irrigated cropland. Tillage is difficult due to

cobbles and gravels.




Rangeland vegetation is mostly cool season grasses and forbs, as
typical of the Cobbly Foothill Range Site. Dominant grasses are
mountain muhly, blue grama, big bluestem, little bluestem, june-
grass, sideoats grama, western wheatgrass, red threeawn, Indian
grass, and switchgrass. Common forbs are aster, hairy gold aster,
wild alfalfa, blazing star, sandwort and cudweed sage. Controlled
grazing is needed on these soils to maintain the key forage species
in good vigor. Periodic summer deferment is beneficial in reading
the objectives of range improvement for maintenance of optimum range
conditions. Fencing and careful location of livestock watering areas

improves grazing distribution.

Management concerns in nonirrigated areas are conserving moisture
and protecting the soil from erosion. Practices such as strip-
cropping perpendicular to the prevailing wind.and leaving stubble

on soil not covered with a growing crop help to prevent wind ercsion.
Incorporating crop residues in and on the surface is also an effec-

tive means of improving soil tilth and increasing moisture.

In irrigated areas, the principal concerns of management are efficient
use of irrigation water and controlling soil loss. These soils are

suitable for border and furrow irrigation.
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Windbreaks and ornamental plantings are difficult to establish
on this soil, due to limited available water. Summer fallow a year in
advance of planting and supplemental watering are necessary for the

survival and establishment of plantings.
This soil has only minor limitations for homesites and roads. Cobbles

and stones may hamper heavy equipment somewhat.

Capability Subclass: IIIc, nonirrigated.
IITe, irrigated.

Cobbly Foothills Range Site.




52D - Unnamed (Rocky Flats) gravelly Losm, 9 to 28 Percent Slopes

This is a deep, well drained soil on knobs and hillsides of outwash
terrace rezmnants. It formed in calcareous, cobbly, lcamy alluvium.
Average annual precipitation is about 15 inches. Slopes are strongly

sloping to moderately steep.

Included are small areas of the Denver clay loam and Kutch clay loam
soils on sideslopes and occasional areas underlain by shale and sand-

stone at depths of 10 to 20 inches on knob-like areas.,

Typically the surface layer is very dark grayish brown loam about
3 inches thick. The subsoil is very dark grayish brown clay lozam
about 9 inches thick and is calcareous in the lower part. The sub-
stratum is very pale brown massive calecareous gravelly sandy loam

extending to 60 inches.

Permeability is moderate. Effective rooting depth is 60 inches or
more. Available water capacity is moderate. Surface runoff is medium

to rapid, and wind and water erosion hazards are moderate to severe,

This soil is used mainly for grazing. Steep slopes and gravelly surface

layers limit this soil for cultivation.




Rangeland vegetation is mostly cool season grasses and forbs, typical
of the Cobbly Foothill Range Site. Dominant grasses are mountain
muhly, blue grama, big bluestem, little bluestem, junegrass, sideoats
grama, western wheatgrass, red threeawn, Indian grass and switchgrass.
Common forbs are aster, hairy goldaster, wild alfalfa, blazingstar,
sandwort and cudweed sage. Controlled grazing is needed on these soils
to maintain vigor in key forage species. Periodic summer deferment of
grazing will help improve or maintain range condition. Fencing and
careful location of livestock watering facilities improves grazing

distribution.

Windbreaks and ornamental plantings are difficult to establish on this
soill due to limited available water and salinity. Summer fallow a year
before planting and supplemental watering are necessary for the survival

and establishment of plantings.

The construction of roads and buildings on this soil unit is limited by
steep slopes and cobbles, and will require compensating designs. Soil
loss due to erosion during construction should be minimized whenever

possible.

Capability Subclass: VIe, irrigasted.
VIe, nonirrigated.

Cobbly Foothills Range Site.




X52--Unnamed (Rocky Flats)--Nunn Complex, 5 to 9 Percent Slope

These moderately sloping soils are on upland ridges, sideslopes and
hills. The average annual precipitation is about 15 inches. The
unnamed (Rocky Flats) gravelly loam, 5 to 9 percent slope makes

up about 55 percent of the unit. The Nunn clay loam, 5 to 9 percent
slopes makes up about 35 percent. The unnamed (Rocky Flats) soils
are on crests of ridges and hills. The Nunn soils are on mid and

foot slope positions.

Included in mapping are small areas of Denver clay loam soils and

Kutch clay loam, all on slopes of 5 to 9 percent.

Unnamed (Rocky Flats) is a deep, well drained soil on knobs and hillsides
of outwash terrace remnants. It formed in calcareous, cobbly, loamy

alluvium.

Typically the surface layer is very dark grayish brown gravelly loam about
3 inches thick. The subsoil is very dark grayish brown clay loam about
9 inches thick and is calcareous in the lower part. The substratum is

very pale brown calcar us gravelly sandy loam extending to 60 inches.

Permeability is moderate. Effective rooting depth is 60 inches or more.
Avsilable water capacity is moderate. Surface runoff is medium to rapid,

and wind and water erosion hezards are moderate.

The Nunn soil is a deep, well drained soil formed on moderately sloping
alluvial fans and ridges. 1t formed in calcareous, clayey alluvial

parent material.
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Typicélly the surface layer is a very dark brown clay loam about 5 inches
thick. The subsoil is very dark grayish brown heavy clay loam about

14 inches thick over brown calcareous clay loam about 5 inches thick.

The substratum is yellowish brown calcareous clay loam extending to

60 inches or more.

Permeability is slow. Effective rooting depth is 60 inches or more.

Available water capacity isvhigh. Surface runoff is rapid, and wind

and water erosion hazards are moderate. This soil is somewhat diffi-
cult to till because of the clay loam surface and subsoil layers.

They have a moderate shrink-swell potential.

These soils are used mainly for grazing. Some areas are used for non-
irrigated and irrigated cropland. They are best suited for native

plants and grazing.

The rangeland vegetation of this unit consists of grasses typical of

the cobbly foothills range site on the unnamed (Rocky Flats) soil and
clayey foothills on the Nunn clay loam soil. Proper grazing use is
necessary to prevent depletion of range. Periodic deferment of grazirg is
an effective practice to help improve or maintain range conditions.

Fencing and careful location of livestock water facilities improves grazing

distribution.




Windbreaks and environmental plantings are difficult to establish
on this unit. Summer fallow a year before planting and supplemental

watering are necessary for the establishmient and survival of plantings.

The primary limiting soil properties for homesites, urban developments
and roads are shrink-swell potential and slow permeability of the

Nunn soil.

Capability Subclass: VIe, nonirrigated.
IVe, irrigated.

Cobbly Foothills Range Site - Unnamed (Rocky Flats) soil.
Clayey Foothills Range Site - Nunn Clay Loam Soil.
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53D--Moderately Steep and Steep Gravelly Land, 15 to 45 Percent Slopes

These moderately deep well drained soils are on crest slopes and knobs,
They are forming in cobbly and gravelly calcareous loamy alluvium
overlying shale. Average annual precipitation is 15 inches. Slopes are

moderately steep and steep.

Included are small areas of Heldt clay loams and Midway clay loams and

shale exposures,

This land type is stratified and highly variable. It contains 15 to

4O percent waterworn cobbles and gravels. In most places the surface
layer is a thin, dark colored gravelly sandy loam about 3 inches thick
ranging to cobbly clay loam. The underlying material ranges from gravelly
sandy loam to cobbly clay loam. Shale or partially consolidated cal-
careous gravelly alluvial material occurs between depths of 20 and 40O

inches.

Permeability ranges from moderate to slow. Available water capacity is
moderate. Runoff is rapid. The potential for water erosion is high, and
for wind erosion is slight. The surface horizons are neutral in reaction,

and the substratum is slightly to moderately alkaline.

This soil is generally in native vegetation and used for grazing. The

major limiting factor of this soil unit is slope.

Capsbility Subclass: VIIe, nonirrigated.

Cobbly ¥Foothills Range Site.
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90--Argiustolls, Wet, Seeped, 5 to 12 Percent Slopes

These are deep, somewhat poorly dérained soils on upland sideslopes.
They are formed in loamy and clay loam alluvial deposits that are sub-
Jected to a seepage condition. Annual average precipitation is about

15 inches. Slopes are moderately sloping.

Included in this unit are Kutch clay loams and Denver clay loam soils

on 5 to 9 percent slopes.

Permeability is slow. Effective rooting depth is 60 inches or more.
Available water capacity is high. Surface runoff is moderate. Wind

erosion hazard is slight, and water erosion hazard is moderate.

This soil unit is of small extent, and is used mainly for grazing.

The soil is not suited to cultivation due to wetness.

The rangeland vegetation is dominated by tall grasses, principally
awitchgrass, Indian grass, big bluestem, and cordgrass. Sedges and
rushes occur, but predominate only where water is at or near the

surface most ‘of the year. A variety of other grasses and forbs, includ-
ing shrubs such as wild rose, are scattered in the unit. Cattails

and bulrushes are on swampj spots. Ground cover is 60 percent or more.
Controlled grazing is necessary to maintezin vigor in key forage species,
Pericdic summer deferment of grazing will help improve or maintain range
condition. ¥Fencing and alternative livestock water and salt areas will

help prevent livestock concentrations in these wet areas.
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This soil is severely limited for homesites and roads due to wetness,
high shrink-swell potential and slope. Costly compensating engineer-

ing measures are necessary to overcome these limitations.

Capability Subclass: IVw, Nonirrigated.

Wet Meadow Range Site.
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101--Borrow Areaz - Shales and Clayey Soils

This unit consists of landscape that has been altered through cut
operations and leveling. Material exposed is a clay shale. Some aress
have a surface backfill ranging in depth of L4 to 12 inches of loam and
clay loam., The sideslopes of these areas are steep to nearly vertical
and are easily eroded. Depth of cut varies from 2 to 20 feet or more.
The floor or bottom of these borrow areas is usually nearly level to
gently sloping. With additional backfilling with loamy or sandy

loam surface layers and additional shaping, vegetation can be success-
fully established and maintained. These materials are usually slightly

to moderately alkaline.
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APPENDIX D

NATIONAL POLLUTION DISCHARGE ELIMINATION SYSTEM PERMIT

The NPDES permit and revisions, which follow, concern aqueous effluent limitations

and monitoring requirements for the Rocky Flats Plant. The original permit was
effective September 6, 1974. It was revised on October 1, 1974 and July 17, 1975.
The expiration date for this permit is June 30, 1979.







M1
fsrmit No. €0-0001333
Application No, C0-25B-0XT-2-00033)

AUTHORIZATION TO DISCHARGE UNDER THE
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of the Fedaral Water Poliution Control Act, as amdnded,
(33 U.S.C. 1251 et. seq; the “‘Act™),

The U.S. Atomic Energy Commission,

is authorized to discharge from a facility located at the Rocky Flats Plant between Boulder
dand Golden, Colorado,

to receiving waters named South Walnut Creek via Discharge 001, and
North Walnut Creek via Discharge 002, and
Woman Creek via Discharge 003,

in accordance with effluent limitations, monitoring requirements and other conditions set forth
in Parts 1, 11, and II! hereof.

This permit shall become effective on date of issuance.

This permit and the authorization to discharge shall expire at midnight, June 30, 1979.

Signedthis 6 dayof September, 1974,

A

J OHN A GREEN
REGIONAL ADMINISTRATOR

EPA Form 3320-4 (10.70)
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning immediately and lasting through September 30, 1974, -
the permittee is authorized to discharge from outfall(s) serial number(s) 001 (Continued to page 3).

Such discharges shall be limited and monitored by the permittce as specificd below:

Effluent Characteristic Discharge Limitations
kg/day (Ibs/day} Concentration
mq/1 mg/1
Daily Avg Daily Max Daily Avg Daily Max
Flow - M3/Day (MGD) N/A N/A N/A N/A
Total Suspended Solids b/ N/A N/A 30 45 .
Total Phosphorus (as P) N/A N/A 8 N/A
Nitrate (as N) N/A N/A 10 20
Fluoride N/A N/A N/A 1.7
Total BODg N/A N/A 30 45
Total Residual Chlorine N/A N/A N/A 0.1 a/
Dissolved Oxygen N/A N/A N/A N/A

No sample shall be greater than this value.

The 1imitations on Total Suspended Solids shall not apply during periods of surface runoff at

the facility.

Monitoring Requirements

Measurement
Frequency

3 X Week
Weekly
Weekly
3 X Week
Weekly
Weekly
3 X Week
Weekly

Sample
Type

Instantaneous

Grab or Continous
Grab or Continuous
Grab or Continuous
Grab or Continuous
Grab or Continuous
Grab

Grab
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning immediately and lasting through September 30, 1974.
the permittee is authorized to discharge from outfall(s) serial pumber(s) 001 (Continued from page 2).

Such dischzrgas sha'! be limited and menitored by the permittee as specified belew:

Effivent Characterisiic _ Discharge Limitations Monitorina Requirements
kg/day (lbs/day) Concentration
mG/1 mg/1 Measuremeant Sampypla
Daily Avg Daily Max Daily Avg Daily Max Frequency Type
Fecal Coliforms - organisms/100 ml 30 day average 200 Weekly Grab
(See Definitions, Part I-3-e, page 8) 7 day average 400
Total Chromium N/A N/A 0.05 0.1 Weekly Grab or Continuous

£-a

The concentration of 0il and Grease shall not exceed 10 mg/1 in any .sample and shall be monitored daily
on a visual basis and weekly on a grab sample basis.

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be
monitored daily on a grab sample basis.

There shall be no discharge ot floating solids or visible foam in other than trace amounts.

samples taken in compliance with the monitoring requirements specified above shall be taken at the
following location(s): All parameters-except Total Suspended Solids and Fecal Coliforms shall be
monitored at the outfall from Pond B-4. Total Suspended Solids and Fecal Coliforms shall be
monitored at the outfall of the Sanitary Sewer System.
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A. ETFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning October 1, 1974, and lasting through June 30, 1979,
the permi‘tea is authorized to discnarge from outfall(s) serial pumber(s) 001 (Continued to page 5).

Such dischzrgas shal! be limited and nicnitored by the permitiae as specified below:
Effivent Characternistic Discharee Limitations Monitoring Requirements
kg/day (lbs/day) Concentratian
mqg/1 mg/ Measuren:ent ‘Saunple
Daily Ava Daily Max Daily Avg Daily Max Frequency Type

Flow - M3/Day (MGD) N/A N/A N/A N/A  Daily Instantaneous

Total Suspended Solids 34 (75) 57 (125) 15 25 Daily Grab or Continuous

Total Phosphorus (as P) N/A N/A 8 N/A Daily Grab or Continuous

Nitrate (as N) 23 (50) 46 (100) 10 20 Daily Grab or Continuous

Fluoride N/A N/A N/A 1.7 Daily Grab or Continuous
i Total BODg 23 (50) 57 (125) 10 25 3 X Week Grab or Continuous

Total Residual Chlorine N/A N/A N/A 0.1 a/3 X Week Grab

Dissolved Oxygen (minimum) N/A N/A 4 2 b/3 X Week Grab

a/ No sample shall be greater-than this value Total Residual Chlorine shall be monitored at the outfall
from pond B-4.

0 O ©
. n o o
b/ No sample shall be less than this value. 3o 3
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning Qctober 1, 1974, and lasting through June 30, 1979,
the permittec is authorized to discharge from outfall(s) serial number(s) 001 (Continued from page 4).

Such discharges siall be limited and monitored by the permittce as specificd below:

Effluent Characteristic Discharge Limitations Monitoring Requirements
kg/day (1bs/day) Concentration
mg/1 mg/ 1 Mearement Sanple
Daily Avg Daily Max Daily Avg Daily Max Frequency Type
Fecal Coliforms - organisms/100 ml 30 day average 200 3 X Week Grab -

(See Definitions, Part I-3-e, page 10) 7 day average 400

Total Chromium N/A N/A 0.05 0.1 Weekly Grab or Continuous

The concentration of 0il and Grease -shall not exceed 10 mg/1 in any sample and shall be monitored daily
on a visual basis and weekly on a grab sample basis.

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be
monitored daily on a grab sample basis.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the
following location(s): A1l parameters except Total Residual Chlorine, shall be monitored at the
outfall from Building 995, the Wastewater Treatment Plant. Total Residual Chlorine shall be
monitored at the outfall from Pond B-4.
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning immediately and lasting through June 30, 1979,
the permittee is authorized to discharge from outfall(s) serial number(s) (002.

Such discharges shzdl be limited and monitored by the permittce as specificd below:

Effluent Crharacteristic Discharge Limitations Monitoring Requirements
kg/day (lbs/day) Concentration
mg/1 mg/ 1 Measurement Sample
Daily Avg Daily Max Daily Avg Daily Max Frequency Type
Flow—m3/Day (MGD) N/A N/A N/A N/A Daily Instantaneous
Nitrate (as N) N/A N/A 10 20 Daily Grab or Continuous

9-d

This discharge shall consist only of runoff due to precipitation.

The pH shall not be less than 6.0 standard units nor greater than 9.0  standard units and shall be monitored
daily on a grab sample basis.

w = I
LI >
Therc shall be no discharge of floating solids or visible foam in other than trace amounts. i° ﬂ
z -
Q
Samples taken in compliance with the mor.itoring requirements specified above shall be taken at the following location(s): e
At the outfall from Pond A-3. S
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning  immediately and lasting through June 30, 1979,
the permittee is authorized to discharge from outfall(s) sedal number(s) 003,

Such discharges shall ba limited and monitored by the permittee as specificd below:

Effective immediately and lasting to no later than June 30, 1975, Discharge 003 shall consist only of
surface runoff, Yater Treatment Plant filter backwash and cooling tower blowdown. There shall be no
change in operation that will significantly deteriorate the quality of the discharge below that presented
in the permit application.

tffective as soon as reasonable and practical but no later than July 1, 1975, and lasting through
June 30, 1879, Discharge 003 shall consist only of surface runoff.

Discharge 003 shall be monitored for the following parameters at the indicated frequency. Al1l samples
shall be taken at the outfall from Pond C-1:

Effluent Cnaracteristic Monitoring Requirements
Measurement Sample
Frequency Type
Nitrates (as N) mg/] Monthly Grab or Continuous
Total Dissolved Solids - mg/1 2 X Month Grab or Continuous
pH - units ) 2 X Month Grab or Continuous g,g >
Chemical Oxygen Demand - mg/1 Monthly Grab or Continuous ; < ;
= Z
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PART MI

Page 8 of 15
Permit No. C0-0001333

B. SCHEDULE OF COMPLIANCE

1. The permittee shall achieve corapliance with the effluent limitations specified for
discharges in accordance with the following schedule:

The-permittee £hall submit to the permit issuing authority in less tnan
ninety (90) days after the issuance of this permit, an implementation

. plan for an abatement program designed to achieve the effluent limitations
specified in this -armit for discharge from outfall(s) 003
The impiementation plan shall-consist of an outline of intended design,
construction and operation, including a compliance schedule setting
forth the dates by which compliance with the effluent limitations will
be reached. The compliance schedule shall include, where appropriate,
dates to accomplish the following:

(a) completion of preliminary plans

(b) completion of final plans

(c) award of contract(s)

(d). commencement of construction

(e) completion of major construction phases
(f) completion of all construction

(g) attainment of operational leval

Upon approval of the implementation plan by the permit issuing authority,
the schedule of compliance shall become conditions of this permit.

2. No later than 14 calendar days following a date identified in the above schedule of
compliance, the permittee shall submit either a report of progtess or, in the case of
specific actions being required by identified dat s, a written notice of compliance or
noncompliance. In the latter case, the notice shail include the cause of noncompliance,
any remedial actions taken, and: the probability of meeting the next scheduled
requirement.
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C. MONITORING AND REPORTING

1.

Representative Sampling

Samnples and measurements taken as required herein shall be representativ. :of the volume
and nature of the monitored discharge.

Reporting

Monitoring results obtained during ®ie previous 3  months shall be summarized for
each month and reported on a Discharge Monitoring Report Form (EPA No. 3320-1),
postmarked no later than the 28th day of the month following the completed reporting
period. The first report is due on January 28, 1975. Signed copies of these,
and all other reports required herein, shall be submitted to the Regional
Administrator at the following address:

U.S. Environmental Protection Agsency
Suite 900, 1860 Lincoln Street

Denver, Colorado 80203
Attention: Enforcement - Permits

Definitions

a. ‘The ..daily average' discharge means the total discharge hy weight during a calendar
month divided by the number of dJdays-in the month that the production or
commercial facility was operating. Where less than daily sampling is required by this
permit, the daily average discharge shall be determined by thg summation of all the
measured daik.y discharges by weight divided by the number of days during the
calendar month when the measurements were made,

b. The ‘““daily maximum™ discharge means the total discharge by weight duning any
calendar day. (See CONTINUATION - next page)

Test Procedures

Test procedures for the analysis of pollulants shall conform to remulations published
pursuant to Section 304(g) of the Act, under which such procedures may be required.

Recording of Results

For each measurement or sample taken pursuant to the requireraents of this permit, the
permitiee shall reenrd the following information:

a. The exact place, date, and time of sampling;
b. The dates the analyses were performed;

¢. The person(s) who performed the analyses;
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d. ‘The analytical techniques ar methods used; and
e. The resuits of all recjuired analyses.
R. Additional Monitoring by Permittec

If the permittec monitors any pollutant at the location(s) designated kerein more
frequently Lhan required by this permit, using approved analytical methods as specified
above, the results of suth monitoring_ shall be included in the calculation and reporting of
the values required in "¢ Discharige Monitoring Report Form (EPA No. 3320-1). Such
increased frequency sha't also be indicated.

7. Records Retention

All records and information resulling from the monitoring activities required by this
permit inctuding all records of analyses performed and calibration and maintenance of
instrumentation and recordings from continuous monitoring instrumentation shall be
rotained for a minimum of three (3) years, or longer if requested by the Regional
Administrator .

CONTINUATION
3. Definitions (continued)
b. (continued)

This limitation shall be determined by the analyses of a properly
preserved composite sample composed of a minimum of four (4) grab
samples collected at equally spaced two (2) hour intervals and
proportioned according to flcw at the time of sampling.

c. The "daily average" concentration means the average concentration
during a calendar month. UYhere less than daily sampling is required
by this permit, the average concentration shall be determined by the
summation of all measured daily samples divided by the number of days
during the calendar month when the measurements were made.

d. The "daily maximum" concentration shall be determined by the
analysis of a properly preserved compesite semple composed of a
minimum of four (4) grab samples collected at equally spaced
two (2) hour intervals and proportioned according to flow at the
time of sampling.

e. Averages for fecal coliforms shall be determined by the geometric
mean of a minimum of three (3) consecutive grab samples taken
during separate weeks in a 20-day period for the 30-day average,
and during separate days in 2 7-day period for the 7-day average.
(Minimum total of three (3) samples)
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3. Oefinitions (continued)

f.

"Net" value, noted under Effluent Characteristics are

calculates on the basis of the net increase of the individual
parameter over the-quentity of that same parameter present in
the intake water measured prior to any contamination or use in
the process « f this fagility. Any contaminants contained in

any intake water obtained from underg-ound wells shall not be
adjusted for as described above and therefore shall be considered
as process input to the final effluent. Limitaticns in which
“net" is not noted are calculated on the basis of gross measure-
ments, of each pairameter in the discharge irrespective of the
quantity or qualily of those parameters in the intake waters.

A "composite" sample, for monitoring requirements, is defined
as a minimum of four (4) grab samples collected at equally
spaced two (2) hour intervals and proportioned according to flow.
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A. MANAGEMENT REQUIREMENTS

1.

5.

Change in Discharge

All discharges authorized herein shall be consistent with the terms and conditions of this
permit. The discharge of any pollutant identified in this permit more frec iently than or
at a level in excess of thal authorized shall constitute a violatinn of the permit. Any
anticipated facility expansions, production increases, or process modifications which will
result in new, diffcren’,. or increased discharges of pollutants must be reported by
submission of a new N! ES application or, if such changes will not violate the effluent
limitations specificd in this permit, &y notice to the permit issuing authority of such
chanpes. Following such notice, the permit may be modified to specify and limit any
pollutants not previously liraited.

Noncompliance Notification

If, for any rcason, the permittee does not comply with or will be unable to comply with
any daily maximum effluent limitation specified in this permit, the permittee shall
provide the Regional Administrator and the State with the following information, in
writing, within five (5) days of becoming aware of such condition:

A. A description of the discharge and cause of noncompliance; and:

b. The period of noncompliance, including exact dates and times; or, if not corrected,
the anticipated time the noncompliance is expected to continue, and steps being
taken toreduce, eliminate and prevent recurrence of the noncomplying discharge.

Facilities Operation

The permittee shall at all times maintain in good working order and operate as efficiently

as possible all treatinent or control facilities or systems installed or used by the permittce

to achieve compliance with the terms and conditions of this permit.

Adverse Impact

The permittee shall take all reasonable steps to minimize any adverse impact to navigable

waters resulting from noncompliance with any effluent limitations specified in this

permit, including such accelerated or additicnal monitoring as necessary to determine the

nature and impact of the noncomplying discharge.

Bvnassing

Any diversion from or hypass of facilities necessary to’ maintain compliance with the
terms and conditions of this perinit is prohibited, except (i) where unavoidable to prevent
loss of life or sevore property damage, or (ii) where excessive storm drainage or runoff
would damage any factlitics necessary for compliance with the effluent limitations and
prohibitions of this permit. The permi-tee shall promptly notify the Regional
Administrator and the State in writing of each sucn diversion or bypass.
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6. Removed Substances

Solids, sludges, filter backwash, or other pollutants removed in the course of treatment or
control of wastewaters shall be disposed of in a manner such as to prevent any pollutant
from such materialz from entering navigatle waters.

1. Power Failures

In order to maintain ¢ mpliance with the effluent limitations and prohibitions of this
permit, the permittee slall either:

a. In accordance with the Schedule of Compliance contained in Part I, provide an
altemmative power source sufficient to operate the wastewater control facilities;

or, if such altemnative power s~urce is not in existence, and no date for its implementation
appears in Part I,

b. Halt, reduce or otherwise control production and/or all discharges upon the
reduction, loss, or failure cf the primary source of power to the wastewater control
facilities.

B. RESPONSIRILITIES
1. Rightof Entry

The permittee shall allow the Regional Administrator and/or his authorized
representatives, upon the presentation of credentials:

a. To enter upon the permittees premises where an effluent source is located or in
which any records are required to be kept under the terms and conditions of this
permit; and

b. At reasonable times to have access to and copy any records required to be kept under
the tenns and conditions of this permit; to inspect any monitoring equipment or
monitoring method required in this p2rmit; and to sample any discharge of pollutants.

2. Tronsfer of Ownership or Control
In the event of any change in control or ownership of facilities from which the authorized
discharges emanate, the permittee shall notify the succeeding owner or controller of the
existence of this permit by letter, a ccpy of which shall be forwarded to the Regional
Admniinistrator anuy the State water pollution control agency.

3. Auailability of Reports

Excepti for data determined to he confidential under Sectiou 308 of the Act, all reports
prepared in accordance with the termis of this permit shall be available for public
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inspection at the offices of the State warer pollution control agency and the Regional
! Administrator. /s required by the Act, effiuent data shall not be considered confidential.
Knowingly making any false statement on any such report may resuit in the imposition of
criminal penalties as provided for in Section 309 of the Act.

Permit Modification

Aflter notice and oppo unity for a hearing, this permit may be modified, suspended, or
revoked in whole or in part during i term for cause including, but not limited to, the
following:

a. Violation of any terms or conditions of this permit;

b. Obtaining this permit by misrepresentation or failure to disclose fully all relevant
facts; or

c. A change in any condition that requires either a temporary or permanent reduction or
elimination of the authorized discharge.

Toxic Pollutants

Notwithstanding Part 1I, B-4 above, if a toxic effluent standard or prohibition (including
any schedule of compliance specified in such effluent standard or prohibition) is
established under Saction 307(a) of the Act for a toxic pollutant which is present in the
discharge and such standard or prohibition is more stringent-than any limitation for such
pollutant in this perinit. this permit shall be revised or modified in accordance with the
toxic effluent standard or prohibition and the permittee so notified.

Civil end Criminal Liability

Except as provided in permit conditions on ‘‘Bypassing’ (Part II, A-5) and “Power
Failures' (Part 1I, A-7), nothing in this permit shall be construed to relieve the perinittee
from civil or criminal penalties for noncompliance.

Oil and Hazardous Substance Liability

Nothing in this permit shall be construed to preclude the institution of any legal action or
relieve the permittee from any responstbilitics, liabilities, or penalties to which the
permittee is or may be subject under Section 311 of the Act.

State Laws

Nothing in this permit shall be construed to preclude the institution of any legal action or
relieve the permittee {rom any responsibilicies, liabilities, or penalties established pursuant
to any applicable State law or regulation under authority preserved by Section 510 of the
Act.
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9. Property Rights

The issuance of this permit docs not convey any property rights in either real or personal
property, or any exclusive privileges, nor does it authorize any injury Lo private property
or any invasion of personal rights, nor any infringement of Federal, State u; local laws or
regulations.

10. Severability

The provisions of this crmit are severable, and if any provision of this permit, or the
application of any prcvision of this permit to any circumstance, is held invalid, the
application of such prowvision to other circumstances, and the remainder of this permit,
shall not be affected thereby
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NATIONAL POLLUT'ANT OISCHARGE ELIMINATION SYSTEM

DISCHARGE MOKNITORING REPORT Form Approved
OMD NO. 158-R0073
r L

INSTRUCTIONS
1. Provide dates for pcriod covered by this report in spaces marked 'REPORTING PERIOD™.
l_ J 2. Enter rported minimum, sverage and maximum vaelues under *“QUANTITY’' and ‘CONCENTRATION"®
2-2 1418 9-10: in the units specitied for eech parameter .1 ppropricte. Do not enter values in boxes containing
T --terinks. “AVERAGE’' is averege computed over actual time discharge is opersting. ““MAXIMUM"’
and “MINIMUM’ are extreme values observed during the reporting perdod
3 Specify the number of analyzed samplea that cxcecd the maximum (ond/or minimum -~ appropriate)
permit conditions in the columns labeled ‘’No. Ex.”' 1f none, enter “O"’,
PERMIT NUMBER Dis sic LATHTUDE LOoNGITUDE 4. Specify frequency of ansly3is for each parameter -- No. analyses/No. days. (e.g., *“3/7*' le equiva-
. lent to 3 analyses pcrfonned every 7 dsys.) If continuous enter ‘‘CONT.'’
(20-21) (22-2% (24-28 (28-27) (2027} "W. [
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APPENDIX E
ACCIDENT AND RELEASE PROBABILITIES

This appendix consists of two reports prepared by Dr. J. E. Selvidge, a con-
sultant to the Rocky Flats Plant contractor. The first of her reports, Appendix
E-1, is entitled "Probabilities of Aircraft Crashes at Rocky Flats and Subsequent

Radioactive Release."

The second document, Appendix E-2 is entitled "Natural Hazards That May Trigger

a Radiological Release From a Plutonium Processing Facility."
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PROBABILITIES OF AIRCRAFT CRASHES AT ROCKY FLATS AND
SUBSEQUENT RADIOACTIVE RELEASE

Judith E. Selvidge

Consultant

Abstract. The probability of a small airplane from
Jefferson County Airport (Jeffco) or Stapleton
International Airport crashing into a plutonium
area at the Rocky Flats Plant has been calculated
at 1.4 X 107%and 4.2 X 107° per year, respectively.
The probability of such a crash involving a large
airplane from Jeffco or Stapleton is 3.5 X 107 and
1.1 X 1078 per year, respectively. Overall, the
chance of an aircraft of any size, or any type, and
from any source crashing into a plutonium area at
Rocky Flats is 2.88 X 107* per year. An event
tree was developed to cover every plausible series
of events leading to a release of plutonium in the
range of 0 to 1000 grams. Selected results show
an annual release probability of 3.9 X 1073 for less
than 0.5 grams, 5.8 X 1076 for 50 to 70 grams,

5.6 X 1078 for 200 grams, and 6.4 X 10710 for
1000 grams. Calculations led to a weighted average
release amount of 3.7 X 1074 grams of plutonium
per year. Because of conservative assumptions,

it is estimated that these probabilities are high by

a factor of about two for small aircraft and 10 for
large aircraft.

INTRODUCTION

This study consists of three parts. First, the
probability of an aircraft crashing into a building
containing plutonium is computed. Secondly, the
damage that such a crash might cause is estimated.
The third part is an assessment of the amount of
plutonium that could escape assuming the damage
described were to occur.

Several categories of aircraft, all having different
probabilities of crashing, are considered. Con-
struction of the various buildings containing
plutonium is taken into consideration as is the

amount and form of plutonium that might be
subject to release. Results of the study are
summarized in probability tables and graphs that
show different amounts of plutonium versus the
probabilities of those amounts being released.
Incorporated in these probabilities are the three
principal types of uncertainties previously mentioned;
namely, the probability of a crash, the probability
of certain damage if a crash occurs, and the
probability of a certain size of release if the damage
occurs.

AIRCRAFT CRASH PROBABILITIES

Historical data concerning the probability of a
crashing airplane striking a plant or other building
has been collected in connection with safety
studies of nuclear power plants.!™* These data,
broken down according to the type of flight (air
carrier or general aviation), size of aircraft (large

or small), and distance of the crash site from an
airport, are based on from 5 to 10 years of reports
of aircraft accidents in the United States. To apply
this information to the assessment of aircraft crash
probabilities for Rocky Flats, air traffic in contact
with the Jefferson County (Jeffco) Airport and with
Stapleton International Airport are considered
separately. In addition, the hazards from low-
altitude, transient air traffic and from aircraft
flying over the Rocky Flats Plant as part of normal
Plant operations are evaluated.

Jefferson County Airport
Air traffic at Jeffco Airport involves about 233,000

movements (takeoffs, landings, and other radio
contact with the control tower) per year. Apart
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FIGURE 1. Geographical Relationship of Jeffco Airport to Rocky Flats

from a few air-carrier training flights, an occasional
military flight, and about 300 small air-taxi flights,
these movements are all by general aviation aircraft.
Approximately 95 percent of these aircraft are
classified as “‘small” (weight less than or equal to
12,500 1bs). The geographic relationship of Jeffco
Airport to the Rocky Flats Plant is shown in
Figure 1. The distance from Jeffco to the nearest
part of the Rocky Flats controlled zone, the
portion of the facility surrounded by a security
fence, is 4.5 miles. The size of this zone is 0.608
square miles, and the part of that area that is
considered. a possible source of plutonium release
is 0.05 square miles in size. This latter area was
computed by adding the areas of buildings
containing plutonium, the areas of those buildings’
“shadows,”’* and the area of an asphalt pad that
covers contaminated soil at the southeast corner of
the controlled zone.

*The shadow of a building is the additional vulnerable area
created when a plane arrives while traveling at an angle rather than
falling straight down. In this calculation, the assumption is made
that a plane crashing out of control is traveling at an angle of 10°
or greater to the horizontal.

Table 1 shows computations for the probabilities
of fatal crashes at Rocky Flats involving large and
small aircraft from Jeffco Airport. The overall
probability per year of a crash into a plutonium
area by a plane associated with Jeffco is seen to be
approximately 1.4 X 1074, When large aircraft
alone are considered, this figure is reduced to
approximately 3.5 X 107¢. Throughout this report,
only crashes resulting in fatalities have been
considered since away-from-the-airport landings
with no fatalities are not believed to result in
accidents of a severity that would damage Plant
structures.

Stapleton Air Traffic

Rocky Flats lies 17 miles to the northwest of
Stapleton International Airport. Generally such a
distance would be considered too great for the
presence of that airport to have an effect upon the
probability of a plane crash at Rocky Flats. One of
13 airways into Stapleton passes near the Plant,
however. For this reason, an estimate has been
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TABLE 1. Computation of Fatal-Crash Probabilities at Rocky Flats for Aircraft Associated with Jeffco Airport

Number of Movements Crash P(RF Controlled Zone)f P(RF Plutonium Aru)ﬁ
in the Airway Per Year Probability of 0.608 square miles of 0.05 square miles
Aircraft Type (M)* P(H)** [M X P(H) X 0.608} [M X P(H) X 0.05}
General Aviation
Small 221,065 1.220x 10°* 1.6397x 10°* 1.3485 x 10°¢
Large 11,635 5.952x 10°* 4.2105 x 10°* 3.4625 X 10°¢
Air Taxi
Small 300 1.905 x 1077 34747 x 10°* 2.8575 X 10°¢
All Aircraft 233,000 1.7165 x 10°* 14117 x 10°¢

*(M) _ Movements.
**P(H) = Probability of a crash per movement per year per square mile at a distance of 4 to 5 miles from an airport, based on historical data.
See Page 226 of Reference 1.
$P(RF Controlled Zone) — Probability of a crash per year inside the 0.608-sq-mi controlled zone at Rocky Flats.
11 P(RF Plutonium Area) = Probability of a crash per year into the 0.05-sq-mi plutonium area at Rocky Flats.

TABLE 2. Computation of Fatal Crash Probabilities at Rocky Flats for Aircraft in the Nearby Stapleton Airway

Number of Movements Crash P(RF Controlled Zone)f P(RF Plutonium Area)ﬁ
in the Airway Per Year Probability of 0.608 square miles of 0.05 square miles
Aircraft Type (M)* P(H)** [M X P(H) X 0.608} [M X P(H) X 0.05}
Air Carriers
Large 16,500 1.2x 10°*° 1.204 X 10°* 9.900 X 107
General Aviation
Large 675 29x 10°° 1.190 X 10°¢ 9.788 x 10°*
Small 12,825 6.6 X 10°° 5.146 X 10°* 4.232x 10°¢
All Aircraft 30,000 6.469 X 10°* 5.320x 10°¢

*(M) - Movements.
**P(H) — Probability of a crash per movement per year per square mile at a distance of 9 to 10 miles from an airport, based on historical data.
See Page 226 of Reference 1 and Page 156 of Reference 4.
1P(RF Controlled Zone) - Probability of a crash per year inside the 0.608-sq-mi controlled zone at Rocky Flats.
11 P(RF Plutonium Area) — Probability of a crash per year into the 0.05-sq-mi plutonium area at Rocky Flats.

made of the annual crash probability attributable the probability for distances of 9 to 10 miles from
to traffic in that air corridor. The annual number the airport (the furthest distance for which crash
of aircraft movements was computed from the probabilities have been computed). These
Stapleton controllers’ estimates and from a sample calculations appear in Table 2. Generally the
survey of movements observed on Stapleton’s results of these computations are accurate to
traffic-control-area radar. about one significant figure; the second figure is
partially significant. To minimize the rounding
The probability of a fatal crash per movement per error, however, additional figures are carried at

square mile is estimated in the calculation by taking  intermediate steps in the calculation. Overall
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accuracy of the probabilities is discussed further
in the ‘““Conservative Assumptions” section of
this report. -

The probability of a crash into the plutonium area
of Rocky Flats by a large aircraft, either an air
carrier or general aviation plane, is seen to be
approximately 1.1 X 1076; the probability for a
small aircraft is approximately 4.2 X 1076, These
probabilities are small when compared to crash
probabilities already computed for Jeffco. (The
overall crash probability of 5.3 X 1076 at Rocky
Flats is a factor of 25 less than that for Jeffco.)
These probabilities are retained in this study,
however, since the damage in the event of a crash
at the Plant may be substantially greater because
of greater size and/or speed for these planes than
for aircraft associated with Jeffco.

Rotorcraft Operations Over the Plant

Helicopters fly over the Rocky Flats facility from
time to time to carry out work associated with Plant
operation. These activities include spraying for
weed control, taking aerial photographs, and making
radiological measurements. These helicopters are

in the air over the Rocky Flats controlled zone for
about 60 hours per year. On the basis of four years
of accident statistics* for rotorcraft operating in

the U.S., the probability of a fatal crash per 100
hours of flying time is 2.830 X 1073, Multiplying
this value by 0.6 (60 hours/100 hours) gives a
probability per year of a fatal crash in the Rocky
Flats controlled zone of 1.698 X 1073, This s
added into general-aviation, small-aircraft, (since
these helicopters are all <12,500 lbs.) accident
probability. The Plant’s plutonium area is 8.2
percent (0.05 sq mi/0.608 sq mi) of the controlled
zone, so the additional crash probability for the
plutonium area alone that is attributable to rotor-
craft is 1.415 X 107 per year.

Other Traffic

There are occasional flights of small, general
aviation planes traveling south and north to the

*1970-1974. Source: National Transportation Safety Board
Annual Review of U.S. General Aviation Accidents, Department of
Transportation, Washington, D.C.

4

TABLE 3. Summary of Aircraft
Crash Probabilities at Rocky Flats

P(RF Controlled Zone)* P(RF Plutonium Area)**
Aircraft Type 0.608 square miles 0.05 square miles
Large 5.534x 107 4.550 x 107
Small 3424 x10°° 2.834 X 10°*
All Aircraft 3.479x 10_° 2.880x 10°*

*P(RF Controlled Zone) — Probability of a crash per year inside
the 0.608-sq-mi controlled zone at Rocky Flats.
**P(RF Plutonium Area) — Probability of a crash per year into the
0.05-8q-mi plutonium area at Rocky Flats.

west of Rocky Flats and that are below the 10,000-
ft altitude of Stapleton’s Traffic Control Area (TCA).
This traffic amounts to about 3,000 movements

per year (less than 10 per day). Taking as the

crash probability for these planes the figure used

for general aviation at five miles from an airport,

the effect upon the small-plane crash probability

per year for Rocky Flats is to increase it by

3,000 X 1.22 X 1078 X 0.05 for a resulting

1.8300 X 1076,

Summary of Aircraft Crash Probabilities

Combining the crash probabilities of aircraft from
all sources gives the values shown in Table 3.

The event with the greatest potential for damage,
that of a large plane crashing into a plutonium
area, is seen to have a probability of occurrence
equal to 4.550 X 1076, For a small aircraft
crashing into the plutonium area, the probability
is 2.834 X 1074, These values correspond to an
expected occurrence of the specified crash of
once in about 220,000 years in the first case and
once in about 3,500 years in the second case.

Conservative Assumptions

These probability values are believed to be
‘“‘conservative;” that is, to err on the high side
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because of a few assumptions made to accommodate
existing data. The assumptions concern historical
crash probabilities, the number of aircraft in the
vicinity of the facility, and the size of the vulnerable
plutonium area.

Crash Probabilities

The probabilities of a fatal crash per aircraft
movement are based on data from 1966 through
1970 but are applied to movements estimated for
1975.

There has been a steady improvement in aircraft
safety over the years; for example, fatal accidents
for U.S. air carriers in 1973 was 15 percent less
than the average for the 1966 through 1970
period. Initial crash probabilities per movement
consequently are likely to be 15 to 20 percent
too high.

The large-aircraft crash probability for planes
associated with Jeffco Airport assumes that these
are all general aviation flights. Actually, some are
military or air-carrier training flights—both of
which have lower accident rates than general
aviation.

Number of Aircraft

The historical probabilities for general aviation
aircraft assume that planes are equally likely to
leave or approach the airport from any direction.
In the case of Jeffco Airport, however, the 30°
sector containing Rocky Flats, where one would
expect to find about 1/12th (or 8.3 percent) of
the air traffic, receives only 1 to 5 percent of the
activity. The reason is the surrounding terrain
As a result, the number of relevant aircraft
movements is probably over-estimated by a factor
that may be as large as eight.

Size of Plutonium Area

The size of that portion of the control zone of
concern in case of a plane crash is computed by
first taking the area of the buildings containing

RFP_2462

radioactive material. The area is then increased

by an amount (the shadow) that allows for the
height of the building and the approach of a
crashing aircraft at other than a 90° angle with
the horizontal. The conservative assumption made
was that the craft impacts at a 10° angle. If a
more realistic assumption is made that this angle
will be anywhere between 90° and 10°, then the
effective area is less by a factor of about six.*

Effect Upon the Probabilities

These more-realistic approximations could be
incorporated into the probability calculations in
place of the conservative counterparts. The effect
would be that of reducing the final probability
estimates for crashes in the plutonium area by a
factor of about two for the small aircraft and
about 10 for large aircraft. In this study, however,
subsequent calculations of damage and overall
probability of plutonium release are made using
the original. conservative figures.

RESULTS OF CRASH IMPACT

If an aircraft hits a part of the Plant designated as a
plutonium area, the seriousness of the results of

this impact, in terms of the amount of any plutonium
release, depends on a number of factors: (1)
whether or not pieces of the plane penetrate into
the interior of the structure, (2) the kind of
destruction caused in the interior of the structure,
(3) the proportion of building containing plutonium,
and (4) the quantity and form of the available
plutonium. The damage to the structure will be
considered next.

Penetration Probability

Whether or not the plane penetrates into the
building depends on the strength of the barrier
(thicknesses of the external walls, internal walls,
roof, and ceiling) and the striking force of the
plane. The barrier thickness, measured in inches

*The average angle would then be 50°. The shadow was
computed using the tangent of the impact angle, and tan 50° /tan
10° = 6.75 = 6.
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of concrete, varies from one building to another.
The striking force of a plane is mainly a function
of its size and the velocity at which it is traveling.
In a study by Chelapati, et al,® a computer
simulation model was designed to calculate the
penetration depth expected for the same four
general classes of aircraft as distinguished here:
small and large in size and associated with a nearby
airport (Jeffco traffic) or with an airport at a
distance of more than five miles (Stapleton and
other traffic). The output from this simulation,
expressed in terms of penetration probability for
different thicknesses of concrete, is recreated in
the appendix of this report. One assumption of
this model was that the missile penetrating the
building is the most resistant part of the plane;
namely, the engine. Within each of the main-size
categories, a range of possible aircraft-engine sizes
and weights was considered in the simulation.
The diameters of typical holes made by these
missiles were taken to be 40 inches for the engine
of a small plane and 60 inches for that of a large
plane.

The probability of a plane penetrating a particular
part of a particular building can be determined by
tables in the appendix of this report. Compute the
total thickness, in inches, of the concrete barriers
(roof, ceiling, and wall) and use that total to find
the applicable row in the appropriate table.

Probability of Crashing
Into Plutonium Portion of Building

Given than an aircraft penetrates a building, its
probability of striking a vulnerable part of the
building; i.e., the area containing plutonium, is
computed in the following manner. First, the size
of these areas containing plutonium is computed
and expressed as a percentage of the total building
area. Missiles can reach locations on the first floor,
for example, by passing through the first floor
ceiling, or by passing through the roof and the
first floor ceiling. It is assumed that small planes
just penetrate the barrier and have little residual
velocity. In passing through the first floor walls,
small planes therefore will strike plutonium areas
only if the areas are adjacent to the walls. For
pieces of a large plane, on the other hand, some

\‘ ’ ] 4
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Large Missile

FIGURE 2. Penetration Paths

residual velocity is expected, and the assumption
is made that the missile may land anywhere within
the building (see Figure 2). The probability of
striking a plutonium area is then equal to the ratio
of the plutonium area to the total area of the
building.*

Missles that reach the first floor by passing through
(1) the second floor wall and the first floor ceiling
or (2) through the roof and the first floor ceiling
are also assumed to be equally likely to fall
anywhere on the first floor; consequently, the
probability of striking a plutonium area is again
equal to the proportion of the floor space occupied
by plutonium areas. This applies to both large

and small aircraft. In a similar manner, the
probability that a missile coming through the

*This probability calculation is conservative since the initial
probability of striking the building was found by taking as the
total target size, the building area plus the building’s shadow to
account for the plane’s angle of impact. Use of this larger area—
building area plus shadow~ as the denominator in the plutonium-
area probability would have given the probability a smaller value
and would imply that the missile continued on its original line path
after penetrating a barrier.
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second-story wall or roof will hit a filter plenum
on the second floor is calculated. This probability
is equal to the proportion of the second floor
occupied by the equipment. An exception is the
case of a small plane entering through the second
story wall. In the latter instance, only equipment
adjacent to the wall is considered vulnerable.

Damage Scenarios

Damage from an aircraft missile penetrating a
building containing plutonium can vary. Rather
than consider all possible kinds and amounts of
damage from this source or to consider the
probabilities of such an event, several scenarios
have been constructed. These fairly detailed
scenarios describe damage patterns that are believed
to be typical.

Scenario 1 (Small Plane)

A small plane crashes into the wall of a plutonium
building. The plane’s engine, weighing 400 pounds,
penetrates into the building at the area adjacent

to the wall. Some equipment is knocked over and
is broken. About 50 gallons of gasoline (half the
plane’s load) spills into the building through the
40-inch hole made in the wall. This gasoline ignites
and the fire spreads over a 250-square-foot area
(diameter 18 ft). The fire burns for 5 to 10
minutes before burning out or being extinguished.

Scenario 2 (Small Plane)

A small plane passes through the roof or second-
story wall of a plutonium building into the second-
floor ventilation area and strikes a filter plenum.
As described in Scenario 1, the plane makes a
40-inch hole to the exterior, and a fire is started
over a 250-square-foot area.

Scenario 3 (Small Plane)

A small plane crashes into a plutonium building,
and the engine penetrates both the second-story
wall or roof and the first floor ceiling. The engine,
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weighing 400 pounds, comes to rest on the first-
floor working area after having knocked over and
broken some equipment. Gasoline, however, does
not penetrate to this area, so there is no gasoline
fire. Holes in wall, roof, and ceiling are 40 inches
in diameter. Since this scenario postulates no fire
in the plutonium area, it is assumed that no release
will occur.

Scenario 4 (Large Plane)

A large aircraft crashes into a plutonium building,
and an engine weighing two to three tons penetrates
the wall and roof leaving a 60-inch-diameter hole
to the exterior. Some equipment is broken up,
crushed, and scattered. Two thousand gallons of
fuel flowing from the plane into the building
causes a fire of about 5,000 square feet in an area
80 feet in diameter. The fire burns for 20 to 30
minutes (this assumes that about 20 percent of
the fuel typically available in the aircraft ignites
inside the building).

Estimates were made of the amount of plutonium
that would be released as a result of Scenarios 1,

2, and 4. The release also depends, of course, on
the form of the plutonium and the total amount in
the area where the damage occurs. These varied
from one building to another.

Plutonium Available for Release

Within each building considered, the plutonium
areas were subdivided according to the approximate
amount of material present and its form. The
following categories and descriptions were established:

1. Plutonium areas not presently in use.
2. Plutonium waste packaged in drums.

3. Plutonium waste packaged in fiberglass-covered
plywood boxes.

4. Two to three kilograms of plutonium in oxide
form.

5. Two to three kilogfams of plutonium in
metallic form.
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TABLE 4. Proportion of Plutonium Dispersed in One Hour or Less During a Fire

Amount Dispersed

Minimum Average Maximum
Form of Plutonium Source of Data (percent) (percent) (percent)
Metallic Reference 6 and 7 0.005 0.02 0.1
Molten Ten times that of “metallic 0.05 0.2 L0
because of surface area
Plutonium Oxide Reference 8 0.02 0.1 1.0
Plutonium Oxide in Waste Reference 8 1.0 10 40
Plutonium Oxide on Asphalt Surface
During Moderate Wind Reference 9 - 0.5 1.0
Low Wind - - 0.05 0.1

6. Ten kilograms of plutonium in oxide form.

7. Ten kilograms of plutonium in metallic form.

8. Seventy to one-hundred kilograms o f plutonium

in oxide form.

9. One-hundred kilograms of plutonium in
metallic form packaged and stored in a vault.

10. Eight-hundred kilograms of plutonium in
metallic form packaged for shipping in
containers averaging one to five kilograms of
plutonium each.

The probabilities of an aircraft striking a plutonium
area in a given building were computed separately
for each plutonium building and for each category
found in the building.

ASSESSMENTS OF
THE AMOUNT OF PLUTONIUM RELEASED

General Considerations

Assessments of the amount of plutonium released
were made by considering the uncertainty in
three parts: (1) the amount and form of the
material generally present in the area of the

postulated accident, (2) the amount of material
present that would be exposed; i.e., material

that has its containment breached, by the postulated
accident, and (3) the amount of exposed plutonium
that would be dispersed to the exterior of the

area. Building supervisors and other knowledgeable
people at Rocky Flats estimated these three

factors for the various combinations of amounts
and forms of plutonium present in their buildings.
Their estimates of the plutonium present were

used directly in the analysis. Estimates of the
percentages of material exposed and subsequently
dispersed, however, were adjusted to be more
comparable with results of various experimental
studies. These experimental values and their
sources are shown in Table 4 and can be summarized
as follows: for metallic plutonium, the maximum
release because of fire accompanying the accident
would be about 0.1 percent of the material present.
For experiments in which plutonium is heated to
ignition but with no other burning material present,
the maximum releases are about half this amount.

In the case of molten plutonium, which has a
much larger surface, a maximum release of 1.0
percent is postulated. This is 10 times the amount
postulated for metallic plutonium. For plutonium
oxide, a light powder that would be widely
scattered in the accident, a maximum release of
1.0 percent is also assumed, except when the
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plutonium is contained in combustible contaminated
waste. The amount released (entrained on small
pieces of ash) may be as high as 40 percent. For
plutonium outside a building (for example, the
plutonium in the contaminated earth covered by

the asphalt pad), the release depends mainly on

the wind speed and the period of time the pluto-
nium is exposed. During a period of 24 hours with
moderate winds (20 to 25 mph), up to 1 percent

of the material might be released.

Detailed Assessments

The percentage of the available material released
would be greatest from a large fire and when the
hole in the building is directly above or alongside
the fire. For each area and accident combination,
several release amounts and their probabilities of
occurrence were assessed, conditional on the
assumption that the accident occurred.

When assessing the possible release from areas of
high plutonium concentration, the details of a
postulated accident were considered. For example,
if a missile penetrates into the area and scores a
direct hit on a glove-box line where large quantities
of plutonium oxide are being processed, what will
be the amount of plutonium available for release,
and what is the probability of such a direct hit?

If, on the other hand, the missile lands in the area
without actually siriking the glove boxes, and
starts a fuel fire on the floor around the glove
boxes causing the gloves to burn off and the
windows to crack, what will be the amount of
release?

For plutonium in the form of solution or sludge,
the assumption was made that a fire resulting from
an aircraft crash would be extinguished before
enough evaporation had taken place to release the
plutonium.

Within the filter plenums, fires in the first or
second filter stages were estimated to allow the
release of from 1 to 40 percent of the material
trapped on the filters. (These values are taken

from studies of plutonium release from combustible
waste and probably are overestimates of the release
amounts.) No release is expected from a fire in
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the third or fourth filters, which essentially are
uncontaminated. The escape of unfiltered air
because of a rupture in the filtering system also

is not considered a hazard. The reason is that a
crash affecting the filters would cause a break in

the system between the area where the contaminated
air originates and the fans that draw the air

through the filters. This means that little or no

air would be drawn out of the contaminated area.

SUMMARY OF RESULTS
Event Tree

The previously discussed release estimates and
their likelihood of occurrence are combined to
give an overall impression of the risk attributable
to an aircraft crashirig into the Plant. One way of
showing all combinations of occurrences that

have been considered is an event tree in which the
various events and their probabilities are presented
in sequential form. This method is illustrated in
Figure 3. Each pathway through the tree represents
a different, specific series of events leading to a
plutonium release in the range of 0 to 1,000 grams
(the maximum release postulated from an aircraft
crash).

The amount of release is shown at the last branch
in the path. The probability associated with any

of these releases is obtained by multiplying together
all the conditional probabilities computed along

the path leading to the final release branch. For
example, the path marked by the dotted line
assumes that a large aircraft from Stapleton crashes
into Building 1, penetrates Area A and causes a
release of y grams of plutonium. The probability
of this release (y) therefore would be a mathematical
combination of the probabilities of a crash by a
large aircraft from Stapleton, hitting a building

the size of Building 1, penetrating an area

protected in the manner of Area A, and releasing a
percentage of plutonium equal to y grams.

To simplify the presentation in Figure 3, only part
of the event tree has been drawn in detail. Many
branches have been omitted. In the actual event
tree, each aircraft origin made, both for large and
small aircraft, is developed to show (1) all the
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ed— Aircraft Origin
r

Stapleton
Alrport
Bidg4 Bidg5 idg 6 <@ Building Hit
<@~ Plutonium Area
Penetrated
Plutonium
Amount X AmountY  Amount 2 Released
(grams)
One Possible Path
FIGURE 3. Partial Event Tree for Aircraft Crashes Into the Facility.
One Possible Path Through the Tree is Indicated by the Dotted Line.
TABLE 5. Possible Amounts of Plutonium Released Because of Aircraft
Accidents and Their Probabilities of Occurrence Per Year (grouped data)
Probability Broken Down by Aircraft Size and Origin*
Amount of Large Aircraft Small Aircraft
Plutonium Released Total Probability -
(grams) (per year) Jeffco Stapleton Jeffco Stapleton
Less than 0.5 3.9x 10°* 4.5%x 1077 1.4x 1077 39x 10°* 5.3x 1077
05-3 8.5x 10°* 4.8x 10”7 2.4x 1077 7.1x 10°¢ 6.9x 1077
s 1.8x 10°¢ 5.6x 10°* 14x 10°° 1.7x 10°¢ 1x10*
10 34x 1077 30x10°* 1.6x 10°* 29x 1077 6.1x10°°
15 - 2§ 2.7x 1077 6.9x 10°* 39x10°* 1.8 x 1077 3.3x 10°°
50-170 5.8x10°¢ 7.9x 10°? 4.2x 10°* 5.7x 10°¢ 8.2x 10"
100 1.3 x 1077 6.8x 10 1.2x 10°* 3.2x10°* 4.3x 107
200 56x 107 14x 10°° 4.6Xx 107" 56x 10 8.3x 10°'°
400 3.7x 10 26Xx 10 1.1 x 10°* - -
500 1.2x 10°* - - 1.2 x 10°* 6.8x 10°'°
1000 6.4x 107" 3.2x 107" 3.2 x_lO"° - -

*Sum of component probabilities may not equal total because of rounding and grouping.
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buildings that could be hit, (2) all the different
areas within each building, and (3) within each
area, all of the different amounts of possible release.
The label and number of these categories for areas
within a building and releases from an area generally
will differ from one building to another, depending
on the types and amounts of plutonium present.
The complete event tree for this study had 309

end points.

Release Amount Versus Probability

Possible amounts of release, and their probabilities
of occurrence, are presented in tabular (Table 5)
and graphical (Figure 4) form. As was described
earlier, a probability and an amount of release are
associated with each end point of the event tree.
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TABLE 6. Weighted Average of the Plutonium
Released Per Year Because of Aircraft Accidents
Weighted Average of
Type of Aircraft Plutonium Released*
and Origin (grams per year)
Large Aircraft ~ Jeffco 1.2x 10°%
Stapleton 3.7x 10°¢
Small Aircraft — Jeffco 33x10°¢
Stapleton 5.7%x10°¢
Total** _ All Aircraft 3.7x 1074

*The weighted average is equal to the amount of
possible release times the probability of occurrence.
summed over all release amounts. (Computed from
ungrouped data)

**Second figure only partially significant due to
rounding error.

The same release amount may appear at different
end points. For example, 20 grams is the
postulated release amount for several different
paths through the tree. To summarize the results
of calculations for all paths through the tree, the
end-point release amounts are tabulated in order
from the smallest quantity to the largest. Also
included are their probabilities. When the same
amount occurs more than once, its different
probabilities are added to give the total probability
of such a release. In this manner, a probability
distribution over the release amounts is obtained.
This distribution is shown in Table 5 and is drawn
on a log-log chart in Figure 4. The weighted
average of the release amount, which is a sum, was
computed by multiplying each of the different
releases by their probability of occurrence and
then adfling up these products. The result, as
shown in Table 6, is 3.7 X 10™* grams of plutonium.

This is the value taken as the ‘“‘source term” from
which the environmental effects are computed.

The release category having the highest probability
of occurrence is, according to Table 5, “less than
0.5 grams.” The largest contributor to this category
is a hypothesized outcome if a plane were to crash
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into the asphalt pad area. This outcome is the
release of 0.0005 grams of plutonium, and it has a
probability of occurrence per year equal to

2.5 X 1075,

Maximum Release

The largest release noted in Table 5, 1000 grams,
would result if particular spots in the following
plutonium buildings were penetrated:

Probability (per year)
Release of Aircraft Impact and
(grams) Building* Release of Plutonium
1000 1 1.4Xx 10710
1000 2 1.1 X 10710
Release by Plutonium Area

Breaking down the release figures according to
which plutonium area is the source shows that
Buildings 3 and 4 are the sources of greatest

possible release. In both buildings, the hypothesized

accident making the largest contribution to the
weighted average is that of a small plane from
Jeffco crashing into and setting fire to a filter
plenum.

Weighted Average of

Building or Other Possible Releases
Plutonium Area (grams plutonium per year)
3 14x10™*
4 1.1 X 10™*
6 7.4 X 1078
7 1.2 X 1078
8 6.9 X 1078
1 1.0X 107¢
2 34Xx1077
Asphalt Pad 1.1 X 1077
5 1.5%x 1078

*For security reasons, specific buildings at the Rocky Flats
Plant have been assigned different identification numbers for.
this report.
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APPENDIX

COMPUTATIONAL DETAILS

Penetration Probabilities tables reflect reported values (means and standard

deviations) for each of four categories, and the
The penetration probabilities from the simulation distribution is assumed to be log normal. These
study by Chelapati, et al, (Reference 5) are probabilities and penetration depths (in inches)
reproduced in Tables A-1 through A-4. These apply to reinforced concrete.

TABLE A-1. Penetration Probabilities for Small Plane from
Jeffco (Mean = 6.3 inches; Standard Deviation = 1.8 inches)

Depth of Penetration Into Concrete

(inches) Cumulative Probability Penetration Probability *
1.000 0.000 1.000
2.000 0.000 1.000
3.000 0.006 0.994
4.000 0.069 0.931
5.000 0.247 0.753
6.000 0.486 0.514
7.000 0.697 0.303
8.000 0.840 0.160
9.000 0.921 0.079
10.000 0.963 0.037
11.000 0.983 0.017
12.000 0.993 0.007
13.000 0.997 ‘ 0.003
14.000 0.999 0.001
15.000 0.999 0.001
16.000 1.000 0.000

*Probability of penetration to the depth shown in the first column or to a greater depth. The probability is
1 minus the cumulative probability from Column 2.
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TABLE A-2. Penetration Probabilities for Small Plane from
Stapleton (Mean = 10.2 inches; Standard Deviation = 4.4 inches)

Depth of Penetration Into Concrete

(inches) Cumulative Probability Penetration Probability*
1.000 0.000 1.000
2.000 0.000 1.000
3.000 0.003 0.997
4.000 0.020 0.980
5.000 0.064 0.936
6.000 0.141 0.859
7.000 0.240 0.760
~ 8.000 0.351 0.649
9.000 0.462 0.538
10.000 0.563 0.437
11.000 0.651 0.359
12.000 0.726 | 0.274
13.000 0.786 0.214
14.000 0.835 0.165
15.000 0.873 0.127
16.000 0.903 0.097

*Probability of penetration to the depth shown in the first column or to a greater depth. The probability is
1 minus the cumulative probability from Column 2.
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TABLE A-3. Penetration Probability Distribution for Large Plane from
Stapleton (Mean = 54.9 inches; Standard Deviation = 26.4 inches)

Depth of Penetration Into Concrete

(inches) Cumulative Probability Penetration Probability*
1.000 0.000 1.000
2.000 0.000 1.000
3.000 0.000 1.000
4.000 0.000 1.000
5.000 0.000 1.000
6.000 0.000 1.000
7.000 0.000 1.000
8.000 0.000 1.000
9.000 0.000 1.000
10.000 0.000 1.000
11.000 0.000 1.000
12.000 0.001 0.999
13.000 0.002 0.998
14.000 0.003 0.997
15.000 0.004 0.996
16.000 0.007 0.993

*Probability of penetration to the depth shown in the first column or to a greater depth. The probability
is 1 minus the cumulative probability from Column 2.
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TABLE A-4. Penetration Probabilities for Large Plane from
Jeffco (Mean = 20.9 inches; Standard Deviation = 7.7 inches)

Depth of Penetration Into Concrete

(inches) Cumulative Probability Penetration Probability*®
1.000 0.000 1.000
2.000 0.000 1.000
3.000 0.000 1.000
4.000 0.000 1.000
5.000 0.000 1.000
6.000 0.000 1.000
7.000 0.002 0.998
8.000 0.006 0.994
9.000 0.015 0.985
10.000 0.030 0.970
11.000 0.053 0.947
12.000 0.084 0916
113.000 0.125 0.875
14.000 0.172 . 0.828
15.000 0.226 0.774
16.000 0.284 0.716

*Probability of penetration to the depth shown in the first column or to a greater depth. The probability
is 1 minus the cumulative probability from Column 2.
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NATURAL HAZARDS THAT MAY TRIGGER A RADIOLOGICAL RELEASE
FROM A PLUTONIUM PROCESSING FACILITY

Judith E. Selvidge

Consultant

Abstract. Calculations show the probability of a
tornado striking a plutonium area at Rocky Flats

is 2.2 X 107 per year. The source term (expected
value of plutonium release) should such an event
occur is calculated at 3.3 X 1077 grams. The

source term for high-velocity, downslope winds is
higher—2.2 X 1073 grams. The probability of a
meteorite that weighs one or more pounds (453
grams) striking a plutonium area is estimated at
8.88 X 1077 per year. Because of this small
probability and the remote chance that a plutonium
release would occur even if a meteorite hit occurred,
the hazard from meteorite impact is considered
negligible. Conservative assumptions result in all
calculated frequencies being almost certainly too
high. Empirical observations have indicated lower
frequencies than those calculated.

INTRODUCTION

Natural events that may cause damage leading to
the release of radioactive material at Rocky Flats
are tornadoes, downslope windstorms, earthquakes,
and impact by meteorites. Floods, tidal waves,
cyclones, hurricanes, and volcanoes are not
considered to be hazards at the Rocky Flats site.
For each of the natural hazards of interest, the
probabilities are greater than about 1078 per year.
The damage that could result from the event and
the subsequent radiological release should be
assessed.

In this report, the probability of occurrence is
computed for severe downslope windstorms and
tornadoes. The possible damage and associated
release of plutonium are also estimated as are the
hazards from possible meteorite impact. The
probabilities and possible release for earthquakes
are still under study.

PROBABILITIES
FOR DOWNSLOPE WINDSTORMS

The Front Range area of the State of Colorado from
Colorado Springs to Fort Collins is subject to
occasional, severe, downslope windstorms occurring
in the lee of the Rocky Mountains. These storms
generally are strongest and cause the most damage
in the city of Boulder, about 10 miles north of
Rocky Flats. Figure 1 shows schematically the
wave-like character of the winds.* Rocky Flats,
which lies between Boulder and Jefferson County
Airport, can be expected to experience high winds
at about the same time and with comparable
maximum-wind velocities as those occurring in
Boulder. Several studies of Boulder windstorms
have dealt with the characteristics of the winds
(their gustiness and maximum speeds), the frequency
of occurrence of the storms, and the wind damage
produced.!=3 This report treats the winds at Rocky
Flats in a similar manner.

Windstorm Frequency

The frequency of occurrence of reported windstorms**

in Boulder over the 104-year period from 1869

to 1972 ranges from 0 to 14 storms per year.** *
The number reported is greatest during the latter
part of that period because of the city’s expansion
into previously open areas, particularly the Table
Mesa section of that city.

The average number of storms from 1960 to 1972
was 6.08 per year. The value of six storms per year

*Reference 1, Page 4.

** A windstonn for the Boulder and Rocky Flats area is defined
as a period when all of the National Center for Atmospheric Research
(NCAR) wind-measuring stations in Boulder reported winds of
greater than S0 mph, and at least one station reported speeds greater
than 75 mph (hurricane force).

**xReference 1, Page 12.
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FIGURE 1. Cross Section of Potential Temperature (°K) During a Windstorm at Boulder, Colorado. The
short dashed lines are flight paths of the aircraft that conducted the potential temperature survey. Lines of
constant potential temperature can be considered as streamlines of atmospheric flow. (See Reference 3.)

will be used in this study as an estimate of the
frequency of windstorms at Rocky Flats.

‘Maximum Wind Speed

Wind gusts of over 100 mph have been measured
during downslope windstorms in the Boulder and
Rocky Flats areas. The statistical theory of
extremes makes use of past data on maximum
gusts to estimate the probability of occurrence of
high winds during future storms.* Following this
theory, a particular probability distribution is fit
to previously observed, maximum gusts and is
projected to give the probability of high wind-speed
values. In this study, the estimates are based on
data collected during 32 recent storms representing
a five-year period. The data are shown in Table 1.

Two distributions have been used here to fit these
extreme wind values: the Fisher-Tippett Type I
and the Fisher-Tippett Type II distributions.2: 45
The first distribution is appropriate when data
having extremes that are of interest follow an
exponential type distribution—the second when
the logarithms of the data have this form. When
each of these models is fit by the method of order
statistics to this sample of peak gusts recorded at
Rocky Flats, the following extreme distributions
are obtained:

Type I: Probability (gust 2 x mph)
=1 —exp(—exp(—((x—a)/B)))
witha=71.0337 and 8 =12.1785

Type II: Probability (gust 2 x mph)
=1 —exp (— (x/B)-7)
with 7 =6.27058 and 8 = 70.2809
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TABLE 1. Maximum gusts recorded at Rocky Flats TABLE 2. Estimates of the
Maximum Wind Speed Probabilities
Maximum
Wind Speed Probability Per Year that the Peak Gust
Year Month Day ﬂ’hL Equals or Exceeds the Wind Speed Shown
1969 i 2; gg Wind Speed Type | Type Il
1 31 100 (mph) Distribution Distribution
i 12 gf 100 53x 107! 6.2 107!
150 9.0x 1072 5.1x 1072
1970 1 25 74 200 1.5 x 107 8.4x 107
2 3 97
2 16 79
11 21 62
11 25 71
11 28 62
11 30 97
12 31 67 _
1971 1 20 71 details of the calculation of these probabilities;
1 23 66 Appendix A also presents graphs showing the
1 25 95 entire probability distributions (from which an
; f? ;g intermediate value can be read).
§ 3: ;i Probabilities can be computed theoretically for
12 20 62 wind speeds greater than 200 mph; however, it is
estimated that from a practical viewpoint, down-
1972 1 ; gé slope winds cannot exceed 200 mph. Above 200
1 11 105 mph, a turbulent breakdown in the flow is expected,
1 ;i gg which would prevent a flow increase to greater
6
" 28 o1 speeds.
11 26 104
12 1 68 FREQUENCY
1973 3 13 72 OF OCCURRENCE OF TORNADOES
i; ; ;‘2’ The probability of a tornado striking the Rocky
Flats facility is estimated primarily from historical
data giving the number and sizes of tornadoes
reported locally during a 21-year period. The
presence of the Rocky Mountains, with the foothills
being only four miles west of the plant, influences
These formulae were used to compute the proba- the meteorological conditions in the area. In
bility of attaining or exceeding a particular gust particular, theories of tornado formation predict
speed in a given storm. Multiplying that probability  that storms that are intense enough to generate
by the expected six storms per year gives the wind tornadoes will rarely occur this close to the
speed probabilities per year shown in Table 2. mountains—also that any tornadoes generated will
be smaller and weaker than those occurring in the
As can be seen from Table 2, these probabilities plains to the east.* A study of all reported tornadoes
differ depending on whether the Type I or Type II in the State of Colorado during 1959-1972, for
assumption is made. The Type II distribution has which wind speeds were recorded or estimated,
been used more often with wind data. Since it supports these theories.** Figure 2 shows the
also gives larger probability values, the conservative
assumption that the Type II model is the better " *Reference 7, Pages 4-5.
one will be made in this study. Appendix A gives **Reference 7, Page 11.
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FIGURE 2. Geographical Distribution of Tornadoes in the State of Colorado During 1959-1972. Encircled
numbers correspond to Fujita Scale damage specifications explained in the text (see Reference 7).

geographical distribution of these tornadoes. Each

circle in Figure 2 represents the location of a

mountains and with the plant in the center of the

western edge. The north-south dimension is

approximately 41 miles, and the east-west dimension
is approximately 10 miles, giving a total area of 429
square miles. The region was defined in terms of

its longitudinal and latitudinal coordinates so as

to conform to the format in which data on tornado
locations are reported.

tornado, and the number inside each circle is a
measure of the storm’s intensity on the Fujita
Scale.® This scale is a way to correlate, approxi-
mately, wind speeds with reported damage. The
scale is described more fully in the section of this
report entitled Structural Damage to Rocky Flats
Buildings.

Specifically, the region is the area from the plant
site (39° 54’ north latitude, 105° 12’ west
longitude) plus 0° 18’ to the north, minus 0° 18’
to the south, and minus 0° 24’ to the east. The
area of interest therefore is bounded by 39° 36’
and 40° 12’ north latitude and 105° 12’ and
104° 48’ west longitude.

Because of the dependence of tornado frequency
and size on the proximity of the mountains, the
tornado probability for Rocky Flats is assessed by
means of a detailed study of the local area. The
geographical area studied is a long, narrow,
rectangular region approximately parallel to the
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TABLE 3. Fujita Scale Damage
Specifications (from Reference 15)

Wind Speed
Range
{mph)

Damage
Classification

Fujita

Scale Damage Description

Some damage to chimneys and
TV antennae; breaks twigs
of f trees; pushes over
shallow rooted trees.

FO 40-72 Light

Peels surface of f roof's;
windows broken; light
trailer houses pushed or
overturned; some trees
uprooted or snapped;
moving automobiles pushed
off the road. 73 mph is
the beginning of hurricane
wind speed.

F1 73-112 Moderate

Considerable Roofs tom off frame houses
leaving strong upright walls;
weak buildings in rural
areas demolished; trailer
houses destroyed; large
trees snapped or uprooted;
railroad boxcars pushed
over; light object missiles
generated; cars blown of f
highway.

Roofs and some walls tom off
frame houses; some rural
buildings completely
demolished; trains over-
turned; steel-framed hangar-
warehouse type structures
torn; cars lifted of f the
ground; most trees in a
forest uprooted, snapped,
or leveled.

F2 113-157

F3 158-206 Severe

F4 207-260  Devastating Whole frame houses leveled,
leaving piles of debris; steel
structures badly damaged;
trees debarked by small
flying debris; cars and
trains thrown some
distances or rolled con-
siderable distances; large

missiles generated.

Information from The Severe Storms Forecast
Center at Kansas City and from a survey of the
Environmental Data Services’ Monthly Bulletin of
Storm Data shows that during the 21 years from
1954 through 1974, eighteen tornadoes were
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FIGURE 3. Schematic Representation of Locations of
Reported Tornadoes (1954-1974) by Geological Coor-
dinates and in Relation to Rocky Flats. (Notice that
scale in miles is different for vertical and horizontal axes.)

reported within the geographical area selected.
The intensities were reported for 12 of these and
are all either FO or F1 on the Fujita Scale (see
Table 3). The location of these 18 tornadoes by
geological coordinates and relative to Rocky Flats
is shown schematically in Figure 3.

Probability of a Tornado at Rocky Flats

The average number of tormadoes per year in the
region studied is 0.86. Its area is 429 square miles,
giving a probability of about 2.0 X 1073 per year
for the occurrence of a tormado per square mile.
The probability per year of a tornado striking one
or more of the plutonium areas at Rocky Flats is
found by multiplying 2.0 X 1073 by the size of the
vulnerable area within the plant site and by taking
into account the typical dimensions of the tornado
reported in this area. The probability must also be
increased somewhat to allow for the supposition
that some tornadoes are unreported. Details of
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this computation are shown in Appendix B. The
probability value obtained is 2.2 X 107 per year.

Tomadic Wind Speed at Building Height

The wind speed within a tornado is believed to vary
depending on its height above ground and the
distance from the tornado center.® Taking the
height variation into account and assuming that

the strongest tornado that could occur in this
geographical location would be of strength F3

(see Table 3), the resulting wind speed at the
heights of Rocky Flats’ buildings would be in the
range of 100 to 150 mph.

DAMAGE
FROM DOWNSLOPE WINDS OR TORNADOES

Structural Failure

Information about high-wind damage to structures
comes in part from reports of tornado damage and
in part from theoretical wind-tunnel studies. For
ordinary residential buildings, extensive failure

of roofs, walls, and even foundations occur during
wind speeds in the range of 150 and 200 mph.*
At these speeds, however, reinforced concrete
buildings usually are not damaged, except for
possible interior damage to areas where windows
are broken.** For example, when cyclone Tracy
hit Darwin, Australia on Christmas, 1974, wind
speeds of up to about 170 mph were measured.
Descriptions of the damage included these
observations: ‘“Photographs show iron cladding
stripped from steel frame hangers of the Air Force
Base, and the unreinforced masonry buildings at
the Naval Headquarters completely demolished as
though they had been hit by an earthquake! On
the other hand, concrete structures at the Travel
Lodge Motel appear undamaged.”!? And “this

*See Pages 232-252 of Reference 10 for wind-tunnel test results.

See Pages 35-43 of Reference 10 for reports on damage from the
Topeka tornado of June 8, 1966.

**Eagleman, et al, in discussing the Topeka tornado of June 8,
1966 states, “The large reinforced concrete structures withstood the
tornadic winds, although the contents and internal partitions were
severely damaged.” (Reference 10, Page 27). Melarango (Reference
11) reports that modern reinforced concrete buildings have
survived tornado hits with only minor damage.

6

type of structure (reinforced concrete) appeared to
perform adequately although the failure of
reinforced concrete columns at the Community
College in the northern suburbs was an exception.
The major reinforced-concrete buildings in the
commercial centre suffered damage to brick infill,
roof membranes and glazing but apparently no
structural damage.”!®

Concrete block and other masonry structures are
often damaged by wind speeds above 100 mph.

A report on a Dallas, Texas tornado in 1957
contrasts the damage experienced by frame houses
and by masonry structures.

In studying damage to structures, two general
modes of collapse, one typical for frame houses
and the other for masonry structures could be
distinguished. Masonry buildings responded to
the internal force caused by the pressure reduction
outside of the building, which pushed the walls
outward and allowed the roof to fall in while
frame houses with more ventilation and therefore
more possibility for equalization of pressures
showed rather the struggle to resist the sheer
driving force of the wind. In the latter, the

roofs were ripped off by wind motion, and the
walls blown over and strewn along the tornado
path. Masonry walls, exhibiting more rigidity,
acted as a unit and were pushed over at once,
while frame construction could give and there-
fore was not so frequently seriously damaged.*

The minimum wind speeds necessary to cause the
collapse of masonry walls during this tornado were
estimated at from 92 to 109 mph.**

A general description of the damage resulting from
winds of different speeds is found in the Fujita
Scale mentioned earlier. This scale classifies storms
into five types as shown in Table 3.

Structural Damage to Rocky Flats Buildings

Using the Fujita Scale to classify the winds and
applying the descriptive information gathered to

*Reference 14, Page 167.
**Reference 14, Page 174.
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the plutonium buildings at Rocky Flats, the follow-
ing estimates of the effects on structure from high-
speed winds are obtained.

Case A — Winds 125-157 Miles Per Hour

At this speed, buildings having metal or asbestos
siding would be expected to suffer some structural
damage. Sheets of metal siding might be ripped
off. Holes in the wall would allow equipment and
stored material to be blown around in the interior
of the building. Some of the walls of concrete
block buildings may collapse.

Holes might be made in the walls of Building 4,
siding might be torn loose from Building 8, and
walls of Building 5 and 7 may partially collapse.
A speed of 125 mph is used as the lower limit for
this case since that value is the design basis wind
for Buildings 4, 7, and 8.

Case B — Winds 158-206 Miles Per Hour

Damage to metal or asbestos buildings would be
more extensive than that described under Case A.
Asbestos siding may shatter in places, and large
portions of the walls of masonry (concrete block)
buildings may collapse. Doors on concrete structures
might be blown in or out allowing some interior
wind damage to occur.

Damage from Wind- or Tornado-Borne Missiles

In addition to structural damage during a high
wind, buildings may be damaged by loose objects
or pieces of more fragile buildings that are picked
up and carried along by the wind. The higher the
wind speed, the more likely an object is to become
airborne and the greater its force when it crashes
into anything in its path. Objects that are heavy
enough to be a serious source of damage, however,
require very fast wind speeds before they become
airborne; furthermore, because of air resistance,
these airborne missiles travel at speeds less than
that of the wind that carries them along. As an
example, film analyses of a 1957 tornado in

Dallas indicated that although wind speeds reached
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172 mph, none of the speeds of 400 pieces of
debris travelling over paths that were observed
exceeded 125 mph.!® On the other hand, an
example of an object unusual in that it is both
heavy and yet “flies well’’ would be a steel
reinforced beam attached to a carport roof that
has been torn off its wall by the storm. During a
1973 tornado in Plainview, Texas, such a beam
penetrated the exterior wall of a conventional
brick-veneer residence and passed through several
pieces of furniture inside the house.!s

In safety studies for nuclear reactors, possible
damage by missiles ranging from wooden planks
to automobiles has been discussed.!! The force
with which a missile strikes a building depends on
details of the physical characteristics of the object
(its weight, size, and aerodynamic features), the
speed of the wind, and the vertical and horizontal
distances the object is carried. This information
would be difficult to obtain for all likely objects
and storms; furthermore, the theoretical formulae
for penetration gives values that do not correspond
closely to empirical data.!” For these reasons,

the following assumptions about types of airborne
missiles and their damage will be made.

Missile Description Damage Expected

Would penetrate the
exterior wall (which is
0.5-inch asbestos
board) of Building 4.

Large wooden plank,
12-foot long, weighing
about 200 pounds.

Would penetrate the
exterior wall of Building
4. Could penetrate the
roof of Building 5.
(Minimum roof thick-
ness is 2 inches of
concrete.)

Steel pipe, 10-feet long
weighing about 100
pounds.

Automobile, 3000
pounds, rolling into
building.

Would make a hole in
the wall of Buildings 4,
5,7,and 8.

It is hypothesized that the wooden plank would
become airborne during a windstorm or a tornado
at wind speeds in the upper end of the F2 range
(about 140-158 mph). It is assumed that a plank
hits each of the plutonium buildings when winds
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are in that range. For winds above 158 mph, the
effect of the missile damage will be ignored because
of the more serious structural damage expected,
which results in a greater contribution to any
radioactive release.

A steel pipe missile is assumed to become airborne
during the sustained winds of a tornado (but not
during the gusts of a windstorm) and to hit the
roof of every plutonium building.

An automobile would become a rolling missile at
wind speeds above about 200 mph; however, as
was the case for wooden planks, structural damage
or failure would be more important at these speeds.

For this reason, automobile damage will be omitted.

The assumption that one plank or pipe hits each
building under the conditions specified is a
compromise between scenarios where no missiles
are available and those where many missiles hit
each building.

RADIOACTIVE RELEASE
Radioactive Release Resulting from Missiles

Although the three types of missiles discussed
would damage the buildings, in most cases no
radioactive release would be expected to occur.

A missile penetrating a roof would have to hit and
make a hole in a filter plenum or in duct work
leading to the plenum to cause a release. Such a
missile would probably remain lodged in the hole
created. If not, the airflow would be into rather
than out of the hole as long as the filter’s air pump
was operating. During a tornado, however,
negative pressure for a few seconds outside the
building would draw out unfiltered air. Negative
pressure also may occur during high winds because
of the Bernoulli effect. The amounts of release
and their probabilities for each building have been
assessed, taking into account the proportion of the
second floor that contains ducts and filter plenums.
Missiles penetrating the walls of Building 4 will be
considered as possibly causing a release (with
probability = 0.01) if the hole made is near a glove-
box area. In this case, the containment of the box
and its duct work could be breached, which would

allow the release of unfiltered air and chips of
plutonium.

In the case of damage by missiles to buildings
containing plutonium packaged for shipping, it is
assumed that holes in the structure will not result
in a plutonium release and that containers within
the building that might be hit by missiles or blown
around by the wind probably would not be broken
open. Even if they were, no release of radioactivity
from the building would be expected.

Radioactive Release Resulting
from Structural Damage

Partial collapse of walls or the ripping off of metal
siding from buildings containing packaged plutonium
is not expected to lead to any release of radioactivity.
For Building 4, the release from possible fracturing
of the siding by winds that are in the F2 range of

the Fujita Scale would be comparable to that
occurring from missile damage. For F3 winds,
damage to the walls will be assumed to occur in

many locations.

SUMMARY OF HAZARDS
Probabilities

Tornado: The probability per year that a plutonium
building will be hit by a tornado is found to be
approximately 2.2 X 1074,

Maximum Downslope Wind: The probability that
the maximum wind speed experienced during a
storm will be any particular value is assumed to
follow a Fisher-Tippet Type II (Frechet)
distribution. The distribution was fit to maximum
wind speed data collected at Rocky Flats during
five years (32 wind storms). According to these
data, the probabilities of high-speed wind gusts are
as shown below.

Wind Speed Probability Return Period
(mph) (per year) (years)
2100 0.62 1.6
2150 0.051 20
2200 0.0084 120
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TABLE 4. Summary of Probabilities of Release, Release
Amounts, and Weighted Average of Release for Tornadoes

Weighted Average
Release Amount Total Probability of Release
(g Pu) (per year) (gPu)
0.6 1.1638 x 10~* 6.9828 x 10°1°
0.7 6.2646 X 10°° 43852 x 10°°
1 1.0105 X 1077 1.0105 x 10°7
3 6.2646 x 10™* 1.8794 x 1077
Total Tomado Weighted Average of Release ~3.3 X 10”7

(Source Term)

Grouping the wind speeds into ranges to correspond
to the Fujita wind speed scale produces the following
results:

Wind Speed Return
Range Fujita Scale Probability  Period
(mph) Number (per year) (years)

125 - 157 F2 0.16 6.3
158 — 206 F3 0.032 31

Weighted Average of the Release

The amounts of plutonium released, given that a
building is damaged, and the probabilities of these
releases are assessed by considering the strength of
the wind, the amount of plutonium available in the
buildings, the distance of the plutonium from
exterior walls, the element’s form and its contain-
ment. Tables 4 and 5 show the total probability,
release amount, and wind speed category for
tomado and downslope winds. The last column in
Tables 4 and 5 is the weighted average of the
release (release amount times the total probability).
The overall, total, weighted average of the release
caused by tornadoes is 3.3 X 10”7 grams plutonium.
For high winds, it is found to be 2.2 X 1073 grams
of plutonium (this is also called the “expected
value of the release’ and the ‘‘source term”).

These figures show that downslope winds make
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TABLE S. Summary of Probabilities of
Release, Release Amounts, and Weighted
Average of Release for Downslope Winds

Total Weighted Average
Wind Probability Release of Release
Building Speed (per year) (g Pu) (g Pu)
4 F2 1.7392 x 10°* 0.7 1.2174 x 10°%
1.2215 x 1074 1 1.2215 x 10°¢
1.7392 x 10°* 3 5.2176 x 10°*

F2 Total (1.8650 X 107*)

F3 9.1785 x 10°* 2.1 1.9275 x 107*
2.7219 x 1074 3 8.1657x 1074
9.1785 x 107* 9 8.2607 x 10°*

F3 Total (1.8354 X 107%)

5 F2 1.1842x 107 0.6 7.1053 X 10°¢

F3 7.8342 x 10°* 1.8 1.4101 x 10™*

Total (5.5103 x 107*)

No release from other Grand Total 2.1700X 10°*
plutonium buildings Weighted Average
of Release

(Source Term)

the greatest contribution to the weighted average
of releases.

Precision of Results

The computed weighted average of the release
caused by high winds (2.2 X 1073 grams) seems
large. It isgreater than that computed for aircraft
crashes (3.7 X 107 grams) and tornadoes

(3.3 X 1077 grams). This value could be unreal-
istically high if the probabilities of the high winds
are too large, if the postulated damage to the
buildings is greater than would actually occur, if
the assessment of the amount of plutonium released
is too conservative, or if any combination of these
is the case.

The wind probabilities are based on a well-known
mathematical model; however, at some point this
model will no longer apply since infinitely fast
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winds do not occur. It is not known at what
speeds true wind-speed probabilities begin to differ
from theoretical ones, nor to what extent they
differ. Computing the probabilities with several
mote years of data would be one way of improving
the estimates.

The damage postulated to occur at various wind
speeds is based on descriptions of what has happened
to buildings of this general type under severe wind
conditions. The Rocky Flats buildings may be
stronger than the general class. This estimate of
building strength could be improved by engineering
tests.

Support for the argument that the probability or
the damage estimates are too high comes from
consideration of the “return period” for the F2 and
F3 category winds. The F2 return period is
estimated to be 6.3 years. This means that a wind
gust in that range would be expected to occur
about once every 6.3 years. Since measuring
instruments used in the past at Rocky Flats were
not designed to record values in excess of 100 mph,
the frequency of F2-range winds cannot be verified.
It is postulated that in such a wind, the exterior
‘walls of Buildings 4 and 5 would be breached at
some point, either by wind-borne missiles or
because of structural failure. This damage has not
been experienced since the buildings were
constructed; consequently, it can be assumed that
either the probabilities, the damage, or both are
probably overestimated.
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APPENDIX A

DETAILS OF CALCULATIONS OF WIND-SPEED PROBABILITIES

This Appendix details the technique used to
compute wind-speed probabilities of maximum
gusts on the basis of sample data. The steps in the
calculation are (1) The preparation of a probability
graph of the data, (2) The fitting, by order statistics,
of a straight line through the data. This is used in
extrapolations to estimate probabilities for wind
speeds greater than those observed in the sample,
and (3) The determination of the confidence of
probabilities estimated in Step (2). The theory
behind these calculations is attributed mainly to
‘Gumbel;* the application of the theory, especially
the order statistics calculation, follows the method
clearly presented by Lieblein.!®

The data are analyzed by the two distributions,
Fisher-Tippett Type I and Fisher-Tippett Type II
(also called the Frechet distribution). The second
of these assumes that the logarithm of the variable
(wind speed), of which the extreme values
(maximum gusts) are being studied, follows an
expontential type of distribution. Thisis a
commonly made assumption; thus, the Type II
distribution will be taken as the correct distribution
from which to estimate the maximum wind-speed
probabilities. The Type I distribution is shown
simply for purposes of comparison and because it
was the distribution applied by Amr.2 Further data
must be collected and work done before anything
further can be said on the relative merits of these
two distributions.

For the Type I distribution, the cumulative

probability of x, F(x), which is the probability

of a value (in this example the wind speed) being
less than or equal to x, is written as follows:

Type I:
P (wind speed €x) = F(x) (1)
- mexp (~exp ( (55;1 )))

where a and (3, are constants. The Type II
distribution can be found either by substituting
In x for x or by rewriting the distribution as

Type II:

P (wind speed <x) = F(x)

= exp (- (39 )

The constants 7y and 8, can be expressed in terms of
the Type I constants as

7=l—and6,=expa.

B

The probability of a wind speed greater than the
value x, in other words the probability of exceeding
X, is equal to 1 — F(x) or,
Type I:
P (wind speed >x) = 1 — F(x) QA3)
=1 —exp (—exp (- (2
xp (—exp ( (—Bl_) ))

and
P (wind speed >x) =1 — F(x)
=l-exp (-G )
For simplicity of notation, a transformation of x is

made to y where y = (x — a)/f so that, for example,
the Type I distribution can be written

F (y) = exp (—exp (-y) ).
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TABLE A-1. Rocky Flats Wind Data Covering Five Years

Data: Original Order, Data: Ordered in Groups Data: Ordered from
Date® Maximum Wind Speed of Six Observations Minimum to Maximum
Year Month Day (mph) (mph) (mph) Rank
1969 1 7 98 62 56 1
1 29 62 71 62 2
1 31 100 74 62 3
3 19 86 86 62 4
4 7 n ' 98 62 S
1970 1 25 74 100 66 6
2 3 97 62 67 7
2 16 79 62 68 8
11 21 62 71 68 9
11 25 ) 79 70 10
11 28 62 97 7 11
11 30 97 97 7 12
12 31 67 66 71 13
1971 1 20 71 67 71 14
1 23 66 71 72 15
1 25 95 15 74 16
1 29 76 76 74 17
2 11 15 95 75 18
3 4 7 56 76 19
3 31 74 62 79 20
12 20 62 1) 81 21
1972 1 S 81 74 82 . 22
1 9 56 81 86 23
1 11 10$ 105 91 24
1 21 68 68 92 25
1 24 82 68 95 26
1 28 91 72 97 27
11 26 104 82 97 28
12 1 68 91 98 29
1973 3 13 72 104 ‘ "~ 100 30
11 1 70 70 104 31
12 92 92 108 32
*Dates correspond to Boulder-area wind storms.
This is analogous to the use of a standardized The rank of an observation is then taken as an
variate t = (x—u)/o in the normal distribution. estimate of its cumulative probability. For example,
This y is referred to as the “reduced variate.” Table A-1 shows the observed, maximum, wind

speed recorded in each of 32 storms. Column 2
lists the data according to original observations.

Probability Graph . In Column 4, the data have been recordered from
smallest to largest. The rank order of each observa-

A probability graph is prepared from data that tion is shown in Column 5. The information to be

have been put in order from smallest to largest. plotted on the probability graph is the ordered

14

E-2-15




B
6 { A I R N S L L L A
A - Probability (windspeed >X)
5} 0.005~ 200 - per storm,
Multiply by 6 to get
0.01F- 100} probability per year.
4} B - Return Period
0.02¢~ 501 (number of storms).
H Divide by 6 to get  *
;" 3} 0.05F 20} retum period in years.
> -
> 01} 10}
a2l A
w .
S 3
a1 02k s (I
o
m ..
oF
-1} A
—2L i TS T B N B P

i 1
20 40 60 80 100 120 140
X = WINDSPEED {(mph)

FIGURE A-1. Fitting the Data to a
Fisher-Tippett Type I Distribution

observations, xj, i = 1 to n, versus their cumulative
probability estimate taken to be i/(n+1), where i

is the rank and n the total number of observations
(here n = 32). The x values are plotted on a
uniform scale along the horizontal axis. The i/(n+1)
values are plotted on a distorted vertical axis,
designed in such a manner that the extreme value
distribution, exp(—exp(—y) ) will plot as a straight
line. To obtain this feature on ordinary graph
paper, the value plotted along the vertical axis is

y=—In(=In(@{/(n+1))).

Wind data graphed in this manner are presented
in Figures A-]1 and A-2. Two additional scales have
been drawn in to permit one to read directly from
the graphs the probability of exceeding any wind
speed and the corresponding “‘return period” (the
reciprocal of the probability, interpreted as the
expected number of storms or years between the
occurrence of winds this high or higher). For
greater precision the probabilities should be
computed from Equation 1 and 2 or Equation 3
and 4 using the constants developed in the next
section.
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FIGURE A-2. Fitting the Data to a
Fisher-Tippett Type II Distribution

Fitting a Line to the Data

Once the observations have been plotted on an
extreme-value probability graph, as described above,
a line can be fit by eye to the data. This will
provide an approximate method for finding (by
interpolation or extrapolation) the probabilities
associated with wind speeds other than those
observed in the sample. A better way to fit a line
to the data, however, is mathematically by means
of order statistic as described by Lieblein.'® The
first step in the procedure is to order the data
within groups of six observations (Column 3,

Table A-1). For details of the rest of the method,
see Reference 18. This method yields estimates of
the constants in Equation 1 and 2 so that once a
model for the process has been chosen (it is
concluded here that Equation 2, the Type II model,
is appropriate), the cumulative probability values
for any x (wind speed) can be determined from

the equation. For these data, the constants were
computed to be:

a=71.0337
By=12.1785

Equation 1

15
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Y= 6.27058
B,=70.2809

Equation 2

So, for example, applying the Type II distribution
for a wind speed of 150 mph results in (from
Equation 4)

P (wind speed >150) =1 — F (x)
150 -6.27058
=1 —exp ( (5535059

=1 —exp (—0.008618)
=1-0.99142
=8.5806 X 1073

~8.6 X 1073
This is the probability of a wind >150 mph per
storm. To convert to probability per year, we

multiply by 6, the estimated number of storms
per year.

Confidence of the Estimates

When a line is fit statistically to data as described
above and shown in the figures, it is possible to
calculate the degree of confidence one should have
in that line compared to an ideal line that would
be obtained if an infinite amount of data were
available. Uncertainty about the accuracy of the
position of the fitted line—whether, for example,

16

its slope should be slightly steeper or less steep—
will have a large effect upon values obtained by
extrapolating the line far beyond the observed
points. For example, using the Type II distribution
in Figure A-2 and converting the probabilities to
probabilities of occurrence per year, the maximum
wind speed of 200 mph is found to have a proba-
bility of about 8.4 X 1073,

For that probability, however, the corresponding,
maximum wind speed would be quite different if
the slope of the line changed. It is possible to
compute for each probability, the wind speed
range about the line, which is plus or minus two
standard deviations from the line position. For
200 mph and probability equaling 8.4 X 1073,

the wind speed range is from about 140 mph to
290 mph. This means it might be correct to say
the probability per year of a wind exceeding

140 mph is 8.4 X 1073 (e.g., the line should be
steeper and high value winds are less likely than
implied by the present line) or, on the contrary,
that the probability per year of a wind exceeding
290 mph is 8.4 X 1073 (e.g., the line is less steep
and higher speed winds are more likely than shown).
Consequently, there is a great deal of uncertainty
associated with these figures. Nevertheless, the
lines as shown are the best estimates of the
correspondence between maximum winds and
probabilities that can be found from the available
sample of 32 storms. There is no statistical reason
to assume that the line should be in the steeper
part of the range (implying a lessened wind hazard)
rather than in the less steep part of the range.
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APPENDIX B

DETAILS OF CALCULATIONS OF TORNADO PROBABILITY

Vulnerable Area

The size of the area vulnerable to tornado is taken
to be 0.0884 square mile. This figure is computed
by adding the “‘extended areas’ of the plutonium
buildings. These extended areas are increasing the
building dimensions by 145 feet in every direction
to account for the fact that the tornado, which is
treated as a point in the probability calculation,
actually has a width and length. This is the same as
saying that if the center of the tornado passes
within 145 feet of a building, the building will be
assumed to be hit by the tornado. The value of
145 feet is an estimate of the tornado size, based
on reported tornadoes in the area and allowing for
the possible orientation of the tornado.

Unreported Tornadoes

It is estimated that 80 percent of the tornadoes
occurring in this geographical area are reported.

An estimate of the actual tornado frequency,
therefore, can be obtained by multiplying the
observed frequency by 1.25.

Computation of Annual Probabilities per Square Mile

Nearby area = 429 square miles

" Years of observation = 21

Tornadoes observed = 18

Tornadoes per square mile per year = 18/429/21
«220X1073

Factor to account for unreported tornadoes = ~1.25

Annual probability of a tornado, per square mile
=20X 103X 1.25=2.4975 X 1073

At Rocky Flats’ Plutonium Areas

2.4975 X 1073 per square mile X 0.0884 miles of
vulnerable area = 2.2074 X 1074 = 2.2 X 107 per year
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APPENDIX C

TECHNICAL NOTE ON THE HAZARD AT ROCKY FLATS
FROM POSSIBLE METEORITE IMPACT

The probability per year of a meteorite striking a
plutonium building at Rocky Flats is computed to
be approximately 8.88 X 10~7. Thisimplies that
such a meteorite impact would be expected less
than once in a million years. Because of the small
probability of this occurrence and the presumption
that even if a meteorite were to hit a plutonium
building, there is little chance that a release of
plutonium would result, the hazard at Rocky Flats
from meteorite impact is considered negligible.

The probability of meteorite impact was computed
following the general method proposed by V. E.
Blake.!® Only meteorites having a size greater

than or equal to one pound are considered. It has
been estimated that about 3,500 such meteorites
strike the earth every year. It is assumed that they
strike the earth at random; that is, that are equally
likely to hit any part of the earth.

Details of the Calculation

The total surface of the earth is approximately
‘equal to 1.97 X 108 square miles. The part of
Rocky Flats composed of buildings containing
plutonium has an area equal to 0.05 square miles;
therefore, the fraction of the earth’s surface
occupied by these plutonium buildings at Rocky
Flats is

0.05

197 X 108
The proportion of the earth not occupied by those
buildings is then
{ 0.05

197 X 108
Since a meteorite is assumed to strike the earth at
arandom location, this proportion is also equal
to the probability that any particular meteorite

hits the earth elsewhere than at a Rocky Flats
plutonium building. If there are 3,500 meteorites

18

equal to or larger than one pound striking the
earth per year, the probability that none of them
hits Rocky Flats is the product of all these
probabilities or

0.05 3,500
1.97 X 108

‘ Consequently, the probability that one or more of

the meteorites hits Rocky Flats is equal to one
minus the probability that none does, or,
0.05 3,500

1 — —_——
1.97 X 108

To solve for this quantity, we first find the
probability that none strikes Rocky Flats, using
the series expansion:

n(n—-1)a> n(n-1) (n—2)a3+

n-j_
(1-a) 1 —na+ T 3

or

0.05 3,500 3,500
'—'197-———‘;(—1—08 =(l —2.54 X 10_10)

=1— 3,500 (2.54 X 10~'9)

, 3,500 (3,499) (2.54 X 10-19)° _ .
20

=]1-888X1077+7.89 X 10713 — ..

The terms in this expansion after the first two are
negligible, so we have
1 —8.88 X 1077

for the probability per year of no. meteorite impact
at Rocky Flats. The probability per year of one
or more such impacts then becomes

1-(1-8.88xX1077
or
8.88 X 1077

E-2-19







APPENDIX F
DOSE CALCULATION METHODOLOGY

By
R. B. Falk
J. M. Langsted

December 31, 1978




TABLE OF CONTENTS

Page
INTRODUCTION F-1
F.1l Dosimetry for Routine Releases F-1
F.1.1 1Inhalation Pathway F-1
F.1.1.1 Dose from Inhalation F-1
Source Term F-1
Derivation of the Resuspension Ratio F-2
Dispersion Term F-5
Dose Conversion Factors F-5
F.1.1.2 Sample Calculation F-9
F.1.2 Food Ingestion Pathway F-11
F.1.2.1 Dose from Food Ingestion F-11
Source Term F-11
Dispersion Factor F-11
Dose Conversion Factors F-12
F.1.2.2 Sample Calculation F-13
F.1.3 Water Ingestion Pathway F-16
F.1.3.1 Dose from Ingestion of Water Containing
Radionuclides from Waterborne Releases F-16
Dose Conversion Factors F-16
Sample Calculation F-20
F.1.3.2 Dose from Ingestion of Water Containing
Radionuclides for Airborne Releases F-21
F.1.4 Ground Plane Irradiation F-23
F.1.4.1 Dose from Ground Plane Irradiation F-23
F.1.4.2 Derivation of Equations F-24

F.1.4.3 Sample Calculation F-26




TABLE OF CONTENTS (Continued)

Page
F.1.5 Miscellaneous Calculations F-27
F.1.5.1 Age-Specific Doses for Chronic Intakes F-27
General Approach F-28
Data for Age-Specific Intake Rate and

Organ Mass F-29
Equations for Inhalation F-30
Equations for Ingestion F-34
Sample Calculation F-35
Equations for Ground Plane Irradiation F-42

F.1.5.2 Ratio of the 70-Year Dose to the 70-Year
Dose Commitment F-42
F.1.5.3 Population Doses F-46

F.1.5.4 Population Dose for a Hypothetical High
Density Population East of the Plant F-47
F.2 Accidental Releases F-48
F.2.1 Assessment of Risk Dose F-48
F.2.1.1 1Inhalation Pathway F-48
F.2.1.2 Food Ingestion Pathway F-50
F.2.1.3 Water Ingestion Pathway F-51
Airborne Releases F-51

Risk Dose from Risk of an Impoundment

Failure F-52
F.2.1.4 Ground Plane Irradiation F-52
F.2.1.5 Plume Shine Irradiation F-55
F.2.1.6 Sample Calculation of the Risk Dose F-56
F.2.2 Assessment of Dose Downwind from Accidents F-60
F.2.2.1 Accidents Releasing Airborne Plutonium F-60
Inhalation Pathway F-60
Food Ingestion Pathway F-62
Water Ingestion Pathway F-62
Ground Plane Irradiation F-65
Sample Calculation F-67

F-iii




TABLE OF CONTENTS (Continued)

Page
F.2.2.2 Criticality Accidents F-68
Inhalation Pathway F-68
Food Ingestion Pathway F-68
Water Ingestion Pathway F-72
Ground Plane Irradiation F-72
Plume Shine Irradiation F-73
Sample Calculation F-74
F.2.2.3 Impoundment Failure F-75
F.2.3 Assessment of the Impact of the Maximum Credible
Accident F-77
F.2.3.1 Dose to Persons Downwind F-77
F.2.3.2 Dose to the Population Downwind F-77
F.2.3.3 Impact on a Hypothetical High Density
Population F-77
F.2.4 Age-Specific Dose from Acute Intakes F-77
F.2.4.1 General Approach F-78
F.2.4.2 Data for Age-Specific Intake Rate and Organ
Mass F-78
F.2.4.3 1Inhalation Pathway F-78
F.2.4.4 1Ingestion Pathway F-78
F.2.4.5 Sample Calculation of Age-Specific
Organ Dose from Acute Exposure F-78
F.2.5 Dose to Persons Living on Soil Containing Radio-
nuclides Deposited from Past Releases F-82
F.2.5.1 1Inhalation of Resuspended Radionuclides F-82
F.2.5.2 1Ingestion of Food Grown on Soil Containing
Radionuclides F-83
F.2.5.3 1Ingestion of Soil Containing Radionuclides F-83
F.2.5.4 Ground Plane Irradiation F-84

F.2.5.5 Sample Calculation F-84




TABLE OF CONTENTS (continued)

Page

F.3 Dosimetry for Transportation F-87
F.3.1 Nonradiological Effects F-87

F.3.2 Radiological Effects F-88
F.3.2.1 Normal Operations F-88

F.3.2.2 Accidental Releases F-96

Population Risk Dose F-96
Downwind Dose F-106
Urban (Max/Min) Accident F-108

F.4 References F-111







INTRODUCTION

It is intended that the information presented in this Appendix will be sufficient
to allow a person with no knowledge of radiation dosimetry but with mathematical
skills to be able to reproduce any dose value presented in this Impact Statement.
Where computer codes are used to generate dose conversion factors, the codes are
referenced, inputs to the codes are described, and the dose conversion factors ar