
SITKA SEDGE NATURAL AREA 

APPENDIX A 
SITE PHOTOGRAPHS 



SITKA SEDGE A-2
PHOTO APPENDIX 

1.0 GEOLOGIC BORINGS 

Soil cores at PGG-1. Arranged in 5-foot cores, top is shallowest core with top (up) on the right. 

Photo 2. Drilling at location PGG-2 on Jasmine Ave. 



SITKA SEDGE A-3 
PHOTO APPENDIX 

 

Soil cores at location PGG-3.  

 

Example of soils observed in hand auger locations north of Roma Avenue. Soils consisted of fine sand 
with organics. No low-permeability skin was observed and hand auger boring filled with water quickly. 



SITKA SEDGE A-4
PHOTO APPENDIX 

2.0 SURFACE WATER OBSERVATIONS 

Marsh Stake #13 location east of Sand Lake Road. Note metal stake used for water level measurements 
and orange bacterial mats consistent with groundwater discharge to the marsh area. 



SITKA SEDGE A-5
PHOTO APPENDIX 

Photo at edge of marsh north of Roma Avenue, looking north. Note the orange bacterial mats consistent 
with groundwater discharge to surface water.  

Drilling at location PGG-3 on Pollock Ave in background. Culvert for ditch running parallel to the fore-
dune in foreground. A metal stake was set in the sedges to measure water levels when water is present. 
Water was only observed once in this ditch on March 1, 2018 during this study. Note that this ditch is dif-
ferent than the ditch paralleling Sand lake Road, which is located to the east.  



SITKA SEDGE A-6
PHOTO APPENDIX 

Drainage ditch along Sand Lake Road at Jasmine Avenue at 11:20 am on February 15, 2018. 

Drainage ditch on Sand Lake Road at 11:10 am on March 2, 2018. 



SITKA SEDGE A-7
PHOTO APPENDIX 

Water over the PGG-3 wells on Pollock Ave at 11:15 am on March 2, 2018. Compare to photo below and 
hydrographs in main report. 

PGG-3 wells on Pollock Ave at 17:09 on March 2, 2018. Water has infiltrated and wells are now accessi-
ble.  



SITKA SEDGE A-8
PHOTO APPENDIX 

Looking southwest from Beltz Dike just east of the tide gate. This view shows the marsh area south of the 
dike.  

Upstream end of Roma Ave. culvert, 2/12/2018. 



SITKA SEDGE A-9
PHOTO APPENDIX 

Beltz Marsh viewed from Sand Lake Road where the East Marsh culvert discharges, 2/12/2018. 

East Marsh and culvert facing south, 2/12/2018. 



SITKA SEDGE A-10
PHOTO APPENDIX 

Pool downstream of Reneke Creek culvert viewed from Sand Lake Road, 2/12/2018. 

Beltz Dike (right) and Beltz Marsh (left) facing west, 2/12/2018. 



SITKA SEDGE A-11
PHOTO APPENDIX 

Closed tide gate at the outside of Beltz Dike, 2/12/2018. 



SITKA SEDGE A-12
PHOTO APPENDIX 

Discharge from perched downstream culvert at Beltz Creek, 2/12/2018. 



SITKA SEDGE A-13
PHOTO APPENDIX 

View of beaver dam from immediately downstream, 2/12/2018. 
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Table 1. Sitka Sedge Survey Notes
Survey Conducted by OPRD in March and April 2018.

OPRD 
Reference 
Number Northing Easting Elevation Point Type Surveyor's Notes

104 600919.88 7313076.8 24.296 PK Stamping:PKNote:OBEC flasherFnd / Set:fnd
109 601239.25 7313038.3 15.882 nl Cap:w/ RPC
111 601252.47 7312650.1 12.819 nl Cap:w/ RPC
132 600045.66 7312847.6 22.92 GLO Depth:FlushStamping:T3SR10W S31/S6 T4SR10W 1976Note:3.25in brcap set in conc
133 598359.02 7310844.7 12.87 irod Fnd/Set:fndCap:w/ YPCRod Diameter:5/8inDepth:-0.2Note:SW cor Roma & SLR
161 601282.35 7312474 14.531 NL Fnd/Set:fndCap:w/ RPC
165 598592.42 7310261.8 17.782 nl Cap:w/ RPC
167 598635.71 7310149.5 16.839 nl Cap:w/ RPC
169 598654.1 7310160.5 17.029 irod Cap:w/ YPCRod Diameter:5/8inDepth:0.0Stamping:KELLOW PLS 2027Note:N OF POST
171 600916.8 7313068.8 24.235 mon Fnd/Set:fndDepth:FlushNote:rrspk
193 600665.55 7312844.8 19.896 nl Fnd/Set:fndCap:w/ RPC
207 597199.14 7310203 18.735 irod Fnd/Set:fndCap:No CapRod Diameter:5/8inNote:50 N. of  NW cor Bilyeu (WWC 223 EL19.066)
208 597837.53 7310493.9 17.428 irod Fnd/Set:fndCap:No CapRod Diameter:1/2inNote:SW cor Pier (WWC 230 ElL7.717)
209 598212.04 7310759.4 15.23 irod Fnd/Set:fndCap:No CapRod Diameter:1/2inNote:SW cor Jasmine (WWC 226 EL 15.464)
239 598479.18 7310829.6 13.361 well Note:PGG-1 top of pipe
240 598473.87 7310056.5 17.482 well Note:PGG-3s (E] toop of pipe
241 598475.43 7310053.5 17.419 well Note:PGG-3i (M) top of pipe
242 598475.26 7310050.3 17.269 well Note:PGG-3d (W) top of pipe
243 598064.42 7310495.1 16.749 well Note:PGG-2s (W) top of pipe
244 598063.11 7310498 16.785 well Note:PGG-2i (M) top of pipe
245 598061.43 7310501.1 16.969 well Note:PGG-2d (E) top of pipe
246 598062.16 7309921.2 18.561 well Note:PGG-4i (W) top of pipe
247 598061.08 7309923 18.475 well Note:PGG-4d (E) top of pipe
248 597187.54 7309994.4 19.693 GS Note:COMMUNITY CENTER
249 598507.22 7311004.5 12.284 NL Fnd/Set:setCap:w/ RPC
250 598663.57 7310064.3 15.366 NL Fnd/Set:setCap:w/ RPC
251 598655.1 7310042 17.902 irod Fnd/Set:fndCap:w/ YPCStamping:A.DUNCAN LSNote:TOP OF BANK W OF CHANNEL
252 598472.04 7309986.7 17.614 NL Fnd/Set:setCap:w/ RPC

1500 598684.95 7311140.5 8.516 CULV Material:CMPSize:24Note:2.05ABOVE TOP (inv calc 8.52-(2+2.05)=4.47
1501 598682.16 7311145.1 4.132 FLOW
1502 598682.9 7311138.7 8.087 Shore Note:water levelDate:3/7/2018 11:51
1503 598718.76 7311104.5 5.154 CULV Material:CMPSize:24Note:inv elev
1504 598713.4 7311106.5 8.086 shore Note:water levelDate:3/7/2018 11:53
1505 598716.85 7311101.4 5.47 FLOW
1506 598694.8 7311089.9 5.885 FLOW
1507 598675.52 7311078.3 7.331 FLOW
1508 598654.22 7311062.8 7.418 FLOW
1509 598634.42 7311049.5 7.459 FLOW
1510 598606.28 7311030.3 8.014 FLOW
1511 598585.89 7311014.1 7.815 FLOW
1512 598564.61 7310998.8 7.633 FLOW
1513 598547.83 7310985.8 7.907 FLOW
1514 598526.66 7310970.5 7.746 FLOW
1515 598503.61 7310953.5 7.645 FLOW
1516 598479.84 7310937.7 8.414 FLOW
1517 598459.86 7310922.7 8.618 FLOW
1518 598437.92 7310908.1 8.959 FLOW
1519 598412.91 7310891.8 10.103 FLOW
1520 598387.82 7310875.5 10.799 FLOW
1521 598358.85 7310844.5 12.822 see above
1522 598358.85 7310844.5 12.821 see above
1523 598651.41 7310086 16.341 GS
1524 598655.76 7310077.4 15.949 GS
1525 598658.88 7310070.8 15.567 GS
1526 598660.11 7310064 15.589 GS
1527 598662.29 7310057.1 15.911 GS
1528 598665.89 7310049 16.291 GS
1529 598670.46 7310040.7 16.712 GS
1530 598674.49 7310041.2 17.103 GS
1531 598670.24 7310050.2 16.443 GS
1532 598666.82 7310059.4 15.984 GS
1533 598665.39 7310064.6 15.657 GS
1534 598661.28 7310073.2 15.598 GS
1535 598657.07 7310082 16.1 GS
1536 598654.8 7310088 16.108 GS
1537 598661.99 7310087.6 17.585 GS
1538 598665.94 7310080.3 15.846 GS
1539 598668.53 7310077.1 15.053 GS
1540 598671.05 7310073.7 14.828 GS
1541 598672.07 7310069.7 14.918 GS
1542 598673.61 7310066.4 15.235 GS
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Table 1. Sitka Sedge Survey Notes
Survey Conducted by OPRD in March and April 2018.

OPRD 
Reference 
Number Northing Easting Elevation Point Type Surveyor's Notes

1543 598675.3 7310061.3 16.602 GS
1544 598679.47 7310053.8 17.968 GS
1545 598684.43 7310047.3 17.94 GS
1546 598693.75 7310071.4 17.864 GS
1547 598686.8 7310074.8 17.665 GS
1548 598680.7 7310078.4 16.352 GS
1549 598676.9 7310080.1 15.03 GS
1550 598673.17 7310081.8 15.111 GS
1551 598670.05 7310083.9 15.143 GS
1552 598666.31 7310088.5 16.531 GS
1553 598661.09 7310090.9 17.55 GS
1554 598645.94 7310082.6 17.331 GS
1555 598649.75 7310075.7 17.178 GS
1556 598651.91 7310072.3 17.123 GS
1557 598653.27 7310066.9 16.183 GS
1558 598654.29 7310062.8 15.156 SHORE 3/7/2018 13:19
1559 598654.39 7310061.8 14.917 GS
1560 598655.13 7310058.4 14.371 GS
1561 598656.31 7310055 14.606 GS
1562 598656.62 7310052.6 15.041 GS
1563 598656.91 7310052.1 15.138 SHORE 3/7/2018 13:21
1564 598658.85 7310047.5 16.498 GS
1565 598659.67 7310043 17.564 GS
1566 598663.76 7310035.5 17.631 GS
1567 598653.23 7310030 17.681 GS
1568 598649.88 7310036.7 17.335 GS
1569 598646.79 7310042.4 17.18 GS
1570 598644.89 7310045.6 15.682 GS
1571 598644.22 7310046.7 15.18 SHORE 3/7/2018 13:23
1572 598643.82 7310047.5 14.866 GS
1573 598642.29 7310050.6 14.222 GS
1574 598640.9 7310052.8 14.322 GS
1575 598640.24 7310054.2 14.66 GS
1576 598640.05 7310054.8 15.093 SHORE 3/7/2018 13:24
1577 598639.89 7310056.6 15.239 GS
1578 598637.38 7310059.9 17.413 GS
1579 598637.38 7310059.9 17.412 GS
1580 598633.65 7310066 17.301 GS
1581 598629.27 7310074 17.56 GS
1582 598465.89 7309986.1 16.209 flow
1583 598465.92 7309985.8 17.571 culv Material:CMPSize:18Note:TOP  (inv calc 17.57-1.5=16.07)
1584 598494.05 7309998.3 16.935 culv Material:CMPSize:18Note:TOP (inv calc 16.94-1.5=15.54)
1585 598494.07 7309998.4 15.804 FLOW
1586 598496.65 7309997.4 16.8 irod Fnd/Set:fndCap:No CapRod Diameter:5/8inDepth:+1.0Note:IN CHANNEL N. OF POLLOCK
1587 598495.79 7309985.2 17.685 GS
1588 598492.73 7309991.7 17.368 GS
1589 598490.29 7309996.7 17.485 GS
1590 598486.32 7310003.7 17.55 GS
1591 598484.13 7310009.7 17.537 GS
1592 598491.48 7310014.6 17.846 GS
1593 598494.41 7310008.2 17.715 GS
1594 598496.51 7310003.4 15.75 GS
1595 598497.69 7310000.7 15.644 GS
1596 598499.43 7309997.4 15.691 GS
1597 598501 7309995.7 15.908 GS
1598 598502.23 7309990.5 17.501 GS
1599 598503.98 7309986.5 17.568 GS
1600 598508.08 7310018.8 17.802 GS
1601 598507.52 7310019.4 17.798 GS
1602 598509.39 7310014.5 21.861 GS
1603 598511.76 7310008.7 15.372 GS
1604 598512.77 7310006.7 15.094 SHORE 3/7/2018 14:07
1605 598513.86 7310005 14.608 GS
1606 598514.69 7310003.1 14.614 GS
1607 598515.54 7310002.1 15.133 SHORE 3/7/2018 14:08
1608 598515.89 7310001.1 15.201 GS
1609 598519.69 7309995.8 17.267 GS
1610 598521.68 7309990.2 17.233 GS

1614 597802.92 7310720.3 15.508
top wood 

stake Note:water level -2.61Date:4/03/18  12:32pm
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Table 1. Sitka Sedge Survey Notes
Survey Conducted by OPRD in March and April 2018.

OPRD 
Reference 
Number Northing Easting Elevation Point Type Surveyor's Notes

1615 597802.54 7310719.2 13.669
top steel 

post Note:water level -.0.79Date:4/03/18  12:33pm
1616 601295.51 7312499.9 8.44 TBM Note:N. HEADGATE
1618 601255.09 7312494.1 8.328 TBM 20180404TDMgris.csv
1752 598684.65 7311141.1 4.628 flow sediment level at inlet to culv
1755 598718.22 7311105.5 4.965 flow

1760 598545.69 7311145.8 5.69
Grnd&Wat

er Note:water level +2.90ftDate:4/23/18  10:56:15am
1762 600418.94 7311878.2 9.138 XSec Station:6-5Note:startDate:4/23/18
1763 600473.51 7311803.7 7.216 XSec Station:6-5Note:grassDate:4/23/18
1764 600474.89 7311801.2 6.819 XSec Station:6-5Note:grassDate:4/23/18
1765 600484.94 7311788.5 6.396 XSec Station:6-5Note:grass/mudDate:4/23/18
1766 600505.5 7311759.3 5.658 XSec Station:6-5Note:mudDate:4/23/18
1768 600506.73 7311757.8 5.496 XSec Station:6-5Note:waterDate:4/23/18  1:01:12pm
1769 601097.19 7312518.7 7.744 XSec Station:4-3Note:startDate:4/23/18
1770 601087.19 7312456.9 7.342 XSec Station:4-3Date:4/23/18
1771 601098.35 7312399.9 7.129 XSec Station:4-3Date:4/23/18
1772 601111.5 7312330.8 6.712 XSec Station:4-3Date:4/23/18
1773 601113.19 7312309 6.366 XSec Station:4-3Note:mudDate:4/23/18
1774 601115.98 7312296.9 5.589 XSec Station:4-3Note:waterDate:4/23/18
1775 601189.79 7311860.8 5.478 XSec Station:4-3Note:waterDate:4/23/18
1776 601191.3 7311856.4 6.174 XSec Station:4-3Note:mud/grassDate:4/23/18
1777 601191.64 7311848 6.405 XSec Station:4-3Note:grassDate:4/23/18
1778 601194.21 7311839.8 6.17 XSec Station:4-3Note:mud/grassDate:4/23/18
1779 601194.84 7311829.2 5.366 XSec Station:4-3Note:mudDate:4/23/18
1780 601199.88 7311802.9 6.029 XSec Station:4-3Note:mud/grassDate:4/23/18
1781 601203.99 7311782.1 6.941 XSec Station:4-3Note:grassDate:4/23/18
1782 601216.43 7311707.9 7.245 XSec Station:4-3Note:grassDate:4/23/18
1783 601224.27 7311655.6 7.562 XSec Station:4-3Note:grassDate:4/23/18
1784 601235.68 7311602.1 7.609 XSec Station:4-3Note:grassDate:4/23/18
1785 601235.64 7311602.2 7.601 XSec Station:4-3Note:grassDate:4/23/18
1786 601243.38 7311547.3 7.399 XSec Station:4-3Note:grassDate:4/23/18
1787 601251.99 7311494 7.545 XSec Station:4-3Note:grassDate:4/23/18
1788 601261.8 7311435.1 7.639 XSec Station:4-3Note:grassDate:4/23/18
1789 601274.16 7311364.8 7.429 XSec Station:4-3Note:grass/endDate:4/23/18
1790 601023.14 7311058.8 17.909 XSec Station:5-6Note:grass/endDate:4/23/18
1791 600988.54 7311105.7 11.084 XSec Station:5-6Note:grassDate:4/23/18
1792 600977.99 7311120.1 10.305 XSec Station:5-6Note:tall grassDate:4/23/18
1793 600957.34 7311148.6 8.427 XSec Station:5-6Note:tall grassDate:4/23/18
1794 600930.49 7311185 8.268 XSec Station:5-6Note:tall grassDate:4/23/18
1795 600904.52 7311219.9 7.883 XSec Station:5-6Note:tall grassDate:4/23/18
1796 600875.97 7311258.9 7.618 XSec Station:5-6Note:tall grassDate:4/23/18
1797 600859.69 7311280 8.044 XSec Station:5-6Note:edge brush tall grassDate:4/23/18
1798 600835.46 7311313.5 8.051 XSec Station:5-6Note:edge brush tall grassDate:4/23/18
1799 600824.71 7311329 7.625 XSec Station:5-6Note:tall grass to grassDate:4/23/18
1800 600802.66 7311357.3 7.228 XSec Station:5-6Note:grassDate:4/23/18
1801 600778.14 7311391.6 6.07 XSec Station:5-6Note:grass/mudDate:4/23/18
1802 600767.12 7311403.5 5.729 XSec Station:5-6Note:mudDate:4/23/18
1804 600759.52 7311416.7 5.388 XSec Station:5-6Note:mud/swampy/reedsDate:4/23/18
1805 600720.51 7311466.8 5.617 XSec Station:5-6Note:swampy/reedsDate:4/23/18
1806 600705.75 7311490.6 5.299 XSec Station:5-6Note:swampy/reedsDate:4/23/18
1807 600682.47 7311519.1 5.33 XSec Station:5-6Note:swampy/reedsDate:4/23/18
1808 600659.5 7311550.4 5.372 XSec Station:5-6Note:swampy/reedsDate:4/23/18
1809 600642.51 7311572 5.603 XSec Station:5-6Note:swampy/reedsDate:4/23/18
1810 600630.88 7311590 6.246 XSec Station:5-6Note:mud/grassDate:4/23/18
1811 600615 7311610.2 6.642 XSec Station:5-6Note:grassDate:4/23/18
1812 600603.33 7311628.3 6.24 XSec Station:5-6Note:grass/mudDate:4/23/18
1813 600597.71 7311635.2 5.714 XSec Station:5-6Note:mudDate:4/23/18
1814 600596.83 7311635.6 5.501 XSec Station:5-6Note:mudDate:4/23/18
1815 597749.4 7310944.6 11.081 Grnd&Water Note:water level +0.77ftDate:4/25/18  12:56:54pm
1817 597461.56 7310831.2 12.307 Grnd&Water Note:water level +0.37ft Date:4/25/18  1:25:52pm
1819 598097.32 7311090 10.03 Grnd&Water Note:water level +0.91ftDate:4/25/18  1:56:59pm
1821 598934.3 7311256.7 7.847 shore Date:4/25/18  3:00:12pm
1822 598969.7 7311260.2 7.167 xsec Station:1-2Note:water level +0.7Date:4/25/18  3:04:22pm
1823 598994.16 7311202.8 7.897 xsec Station:1-2Note:start catailsDate:4/25/18
1824 599010.34 7311163.7 7.705 xsec Station:1-2Note:catailsDate:4/25/18
1825 599029.81 7311118.1 7.642 xsec Station:1-2Note:catailsDate:4/25/18
1826 599033.92 7311109.3 7.129 xsec Station:1-2Note:catails/channel water+0.77Date:4/25/18
1827 599037.79 7311104.8 5.232 xsec Station:1-2Note:in channelDate:4/25/18
1829 599046.42 7311094.8 7.343 xsec Station:1-2Note:channel/treesDate:4/25/18
1830 599053.26 7311078 8.419 xsec Station:1-2Note:islandDate:4/25/18
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Table 1. Sitka Sedge Survey Notes
Survey Conducted by OPRD in March and April 2018.

OPRD 
Reference 
Number Northing Easting Elevation Point Type Surveyor's Notes

1831 599056.76 7311064.7 7.688 xsec Station:1-2Note:island/channelDate:4/25/18
1832 599061.47 7311055.9 4.552 xsec Station:1-2Note:in channelDate:4/25/18
1833 599070.76 7311024.8 7.971 xsec Station:1-2Note:channel/islandDate:4/25/18
1834 599071.52 7311022.9 8.08 xsec Station:1-2Note:islandDate:4/25/18
1835 599075.46 7311012.4 8.4 xsec Station:1-2Note:islandDate:4/25/18
1836 599078.54 7311003.2 7.731 xsec Station:1-2Note:island/channelDate:4/25/18
1837 599081.82 7310995.2 7.145 xsec Station:1-2Note:end of reed grass/channelDate:4/25/18
1838 599081.39 7310990.1 4.224 xsec Station:1-2Note:channelDate:4/25/18
1839 599081.06 7310988.8 3.644 xsec Station:1-2Note:channelDate:4/25/18
1840 599194.37 7310758.8 10.598 xsec Station:1-2Note:tall grass/endDate:4/25/18
1841 599167.54 7310808 8.453 xsec Station:1-2Note:tall grassDate:4/25/18
1842 599160.47 7310825.5 8.263 xsec Station:1-2Note:tall grass- low spotDate:4/25/18
1843 599156 7310832.9 7.787 xsec Station:1-2Note:tall grass- blackberriesDate:4/25/18
1844 599139.31 7310861.4 8.373 xsec Station:1-2Note:tall grass- blackberriesDate:4/25/18
1845 599136.13 7310867.7 7.61 xsec Station:1-2Note:waterDate:4/25/18  4:44:09pm
1846 599131.81 7310875.8 4.787 xsec Station:1-2Note:uwaterDate:4/25/18
1847 599131.67 7310880.9 7.747 xsec Station:1-2Note:waterDate:4/25/18  4:49:49pm
1848 599123.3 7310899.1 9.324 xsec Station:1-2Note:islandDate:4/25/18
1849 599117.09 7310919.3 8.024 xsec Station:1-2Note:islandDate:4/25/18
1850 599105.95 7310939.4 7.516 xsec Station:1-2Note:swampDate:4/25/18
1851 599095.22 7310960.9 7.659 xsec Station:1-2Note:swampDate:4/25/18
1852 599089.77 7310972.4 7.326 xsec Station:1-2Note:swampDate:4/25/18
1853 599088.73 7310978.9 6.883 xsec Station:1-2Note:swamp top channelDate:4/25/18
1854 599088.71 7310978.9 6.906 xsec Station:1-2Note:swamp top channelDate:4/25/18
1855 599088.09 7310981 5.287 xsec Station:1-2Note:uwaterDate:4/25/18
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Figure
Boring Log and As-Built

OPRD Sitka Sedge

JG1704

Bileyu at Community Center
Tierra Del Mar, OR

Holocene Drilling
Direct Push

Not Recorded
00.00 ft

Pacific Groundwater Group PGG-Boring

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft n/a

2/15/18

Bentonite Seal

Base fill GRAVEL

Wet, brown, fine SAND

Wet, gray, fine SAND

Wet, black, organic SILT

Wet, blue-gray, CLAY

Wet, olive, SILT; layered with organics, leaves
and roots

Wet, brown, PEAT

Wet, gray SILT

Wet, gray, fine SAND

Geology not logged 25-55 feet; drive point
advanced to gradual refusal at 54 feet bgs;
refusal is assumed to be contact with weathered
bedrock surface
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Boring Log and As-Built

OPRD Sitka Sedge

JG1704

West end Pier Ave
Tierra Del Mar, OR

Holocene Drilling
Direct Push

2.68 ft bmp
00.00 ft

Pacific Groundwater Group PGG-4i

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106647

2/15/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monument

Geology logged from adjacent direct-
push borehole

Hand clear to 3 ft; Moist, brown sandy angular
cobbles

Wet, brown to black, fine SAND; well graded;
fine black heavy metal laminations; typical area
sands

Wet, brown, fine SAND; same as above

Wet, brown, sandy basalt CLAST; rounded clast

Wet, brown, fine SAND; no laminations

Wet, black, organic SILT; humic odor

Wet, gray-brown, fine SAND; scattered roots

Wet, gray, fine SAND
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Boring Log and As-Built

OPRD Sitka Sedge

JG1704

West end Pier Ave
Tierra Del Mar, OR

Holocene Drilling
Direct Push

5.03 ft bmp
00.00 ft

Pacific Groundwater Group PGG-4d

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106646

2/15/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monument

Geology logged from adjacent direct-
push borehole

Hand clear to 3 ft; Moist, brown sandy angular
cobbles

Wet, brown to black, fine SAND; well graded;
fine black heavy metal laminations; typical area
sands

Wet, brown, fine SAND; same as above

Wet, brown, sandy basalt CLAST; rounded clast

Wet, brown, fine SAND; no laminations

Wet, black, organic SILT; humic odor

Wet, gray-brown, fine SAND; scattered roots

Wet, gray, fine SAND
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Boring Log and As-Built

OPRD Sitka Sedge

JG1704

West end Pollock Rd
Tierra Del Mar, OR

Holocene Drilling
Direct Push

2.05 ft bmp
00.00 ft

Pacific Groundwater Group PGG-3s

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106641

2/14/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monument

Geology logged from adjacent direct-
push borehole

Topsoil

Moist, gray-brown, fine SAND

No recovery

Wet, brown, fine SAND; basalt cobble at 6.3 ft;
fine black laminations 6.3 to 7.5 ft;
homogeneous 7.5 to 10 ft

Wet, gray, fine SAND

Wet, black, organic SILT; roots below

Wet, gray-brown, fine SAND; variable grain size
over 10cm intervals; scattered roots

Wet, gray, SAND



D
ep

th
 (f

t)

Description Well Construction

G
ra

ph
ic

Lo
g

Samples

Ty
peID

S
am

pl
e

MP Elevation:

Drilling Firm:
Drilling Method:

DTW:

City, State:
Address:

Datum:

Well ID:Horizontal Loc.:
Consulting Firm:
Logged by:
Date:

0

2

4

6

8

10

12

14

16

18

20

Figure
Boring Log and As-Built

OPRD Sitka Sedge

JG1704

West end Pollock Rd
Tierra Del Mar, OR

Holocene Drilling
Direct Push

2.00 ft bmp
00.00 ft

Pacific Groundwater Group PGG-3i

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106642

2/14/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monument

Geology logged from adjacent direct-
push borehole

Topsoil

Moist, gray-brown, fine SAND

No recovery

Wet, brown, fine SAND; basalt cobble at 6.3 ft;
fine black laminations 6.3 to 7.5 ft;
homogeneous 7.5 to 10 ft

Wet, gray, fine SAND

Wet, black, organic SILT; roots below

Wet, gray-brown, fine SAND; variable grain size
over 10cm intervals; scattered roots

Wet, gray, SAND
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Boring Log and As-Built

OPRD Sitka Sedge

JG1704

West end Pollock Rd
Tierra Del Mar, OR

Holocene Drilling
Direct Push

3.94 ft bmp
00.00 ft

Pacific Groundwater Group PGG-3d

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106640

2/14/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monument

Geology logged from adjacent direct-
push borehole

Topsoil

Moist, gray-brown, fine SAND

No recovery

Wet, brown, fine SAND; basalt cobble at 6.3 ft;
fine black laminations 6.3 to 7.5 ft;
homogeneous 7.5 to 10 ft

Wet, gray, fine SAND

Wet, black, organic SILT; roots below

Wet, gray-brown, fine SAND; variable grain size
over 10cm intervals; scattered roots

Wet, gray, SAND
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Boring Log and As-Built

OPRD Sitka Sedge

JG1704

East end Jasmine Ave
Tierra Del Mar, OR

Holocene Drilling
Direct Push

1.82 ft bmp
00.00 ft

Pacific Groundwater Group PGG-2s

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106645

2/15/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monument

Geology logged from adjacent direct-
push borehole

Topsoil

Wet, brown, SAND; fine black heavy metal
laminations indicative of water transport

Wet, brown, fine SAND; scattered fine black
heavy metal laminations

Wet, brown, fine SAND

Wet, gray, fine SAND

Wet, black, organic SILT

Wet, dark blue-gray, CLAY

Thin, black, paleosol

Wet, dark brown, fine SAND; roots

Wet, gray, fine SAND

Wet, gray, fine SAND; scattered trace roots at
17.6; no laminations
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Figure
Boring Log and As-Built

OPRD Sitka Sedge

JG1704

East end Jasmine
Tierra Del Mar, OR

Holocene Drilling
Direct Push

1.98 ft bmp
00.00 ft

Pacific Groundwater Group PGG-2i

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106644

2/15/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monument

Geology logged from adjacent direct-
push borehole

Topsoil

Wet, brown, SAND; fine black heavy metal
laminations indicative of water transport

Wet, brown, fine SAND; scattered fine black
heavy metal laminations

Wet, brown, fine SAND

Wet, gray, fine SAND

Wet, black, organic SILT

Wet, dark blue-gray, CLAY

Thin, black, paleosol

Wet, dark brown, fine SAND; roots

Wet, gray, fine SAND

Wet, gray, fine SAND; scattered trace roots at
17.6; no laminations
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Boring Log and As-Built

OPRD Sitka Sedge

JG1704

East end Jasmine
Tierra Del Mar, OR

Holocene Drilling
Direct Push

5.93 ft bmp
00.00 ft

Pacific Groundwater Group PGG-2d

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106643

2/15/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monument

Geology logged from adjacent direct-
push borehole

Topsoil

Wet, brown, SAND; fine black heavy metal
laminations indicative of water transport

Wet, brown, fine SAND; scattered fine black
heavy metal laminations

Wet, brown, fine SAND

Wet, gray, fine SAND

Wet, black, organic SILT

Wet, dark blue-gray, CLAY

Thin, black, paleosol

Wet, dark brown, fine SAND; roots

Wet, gray, fine SAND

Wet, gray, fine SAND; scattered trace roots at
17.6; no laminations
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OPRD Sitka Sedge

JG1704

Roma Ave and Sand Lake Rd
Tierra Del Mar, OR

Holocene Drilling
Direct Push

1.08 ft bmp
00.00 ft

Pacific Groundwater Group PGG-1i

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106639

2/14/18

Pre-pack PVC screen

1 inch flush thread PVC casing

Sand pack 10/20

Cement

Bentonite Seal

Morris-type flush mount monumentTopsoil

Wet, brown, SAND; homogeneous well-graded
fine sand; dune sand

Wet, gray, SAND; homogeneous well-graded
fine sand; dune sand; grades to gray between
6.5 and 7 feet

Moist, brown, silty, CLAY

Wet, silty, fine GRAVEL; downward coarsening

Wet, dark gray, CLAY

Wet, brown, PEAT
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Figure
Boring Log and As-Built

OPRD Sitka Sedge

JG1704

Roma Ave and Sand Lake Rd
Tierra Del Mar, OR

Holocene Drilling
Direct Push

1.08 ft bmp
00.00 ft

Pacific Groundwater Group PGG-1i

Hydrogeologic Investigation

Glen Wallace
NAVD 88

N 200000.0 ft, E 1000000 ft L106639

2/14/18

Wet, gray, fine-SAND; trace roots; well graded
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GRAIN SIZE ANALYSIS REPORT 
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APPENDIX D 
SLUG HYDRAULIC TESTS 

 

 

 
 



WELL ID: PGG-4i
Local ID: PGG-4i

INPUT Date: 2/15/2018
Construction: Time: 13:19

Casing dia. (dc) 1 Inch

Annulus dia. (dw) 6 Inch

Screen Length (L) 2 Feet g

Depths to:
water level (DTW) 2.39 Feet

top of screen (TOS) 9 Feet
Base of Aquifer (DTB) 11 Feet

Annular Fill:
across  screen -- Fine Sand
above screen -- Bentonite

Aquifer Material --

COMPUTED
Lwetted 2 Feet

D = 8.61 Feet
H = 8.61 Feet

L/rw = 8.00

y0-DISPLACEMENT = 2.57 Feet

y0-SLUG = 4.23 Feet

From look-up table using L/rw

Fully penetrate C = 1.102
ln(Re/rw) = 2.229

Re = 2.32 Feet

Slope = 0.233263 log10/sec

t90% recovery = 4 sec

K  = 45 Feet/Day

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976

Input is consistent.  

Medium Sand

0.00

0.01

0.10

1.00

00:00 00:43 01:26 02:10

y/
y 0

TIME, Minute:Second

Adjust slope of line to estimate K

dc

Base of Aquifer 

dw

HL D

DTW

DTB

TOS

Halford, K., and Kuniansky, E., 2002. Documentation of Spreadsheets for the Analysis of Aquifer‐Test and Slug‐Test 
Data. U.S. Geological Survey Open‐File Report 02‐197.



WELL ID: PGG-4d
Local ID: PGG-4d

INPUT Date: 2/15/2018
Construction: Time: 13:44

Casing dia. (dc) 1 Inch

Annulus dia. (dw) 6 Inch

Screen Length (L) 2 Feet g

Depths to:
water level (DTW) 0.02 Feet

top of screen (TOS) 9 Feet
Base of Aquifer (DTB) 11 Feet

Annular Fill:
across  screen -- Fine Sand
above screen -- Bentonite

Aquifer Material --

COMPUTED
Lwetted 2 Feet

D = 10.98 Feet
H = 10.98 Feet

L/rw = 8.00

y0-DISPLACEMENT = 4.55 Feet

y0-SLUG = 4.23 Feet

From look-up table using L/rw

Fully penetrate C = 1.102
ln(Re/rw) = 2.333

Re = 2.58 Feet

Slope = 0.062826 log10/sec

t90% recovery = 16 sec

K  = 13 Feet/Day

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976

Input is consistent.  

Fine Sand

0.00

0.01

0.10

1.00

00:00 00:43 01:26 02:10

y/
y 0

TIME, Minute:Second

Adjust slope of line to estimate K

dc

Base of Aquifer 

dw

HL D

DTW

DTB

TOS

Halford, K., and Kuniansky, E., 2002. Documentation of Spreadsheets for the Analysis of Aquifer‐Test and Slug‐Test 
Data. U.S. Geological Survey Open‐File Report 02‐197.
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1.0 APPENDIX E – TIDAL DIFFUSIVITY CALCULATIONS 

Groundwater level monitoring in wells completed in the shallow and deep aquifers 
showed that small tidal variations (several tenths of a foot  ) were noted in deep-aquifer 
wells whereas no tidal signal was observed in the shallow-aquifer wells. Lack of tidal re-
sponse in the shallow aquifer could be interpreted multiple ways, including: 

1) Lack of hydraulic connection between the shallow aquifer and marine water;  

2) Aquifer properties damping out the tidal signal with distance from the shoreline. 

Hydrogeologic characterization performed by PGG suggests that the shallow aquifer 
should be hydraulically connected to marine water, and the depositional environment 
(beach and dune sands) does not easily support a hypothetical low permeability hydraulic 
barrier between the shoreline and the monitoring wells.  It therefore appears that aquifer 
properties are the most logical explanation for lack of tidal response in shallow-aquifer 
wells. In order to test the theory that hydraulic properties estimated for the shallow aqui-
fer could fully dampen the tidal response in wells located >500 feet from the shoreline, 
PGG performed screening calculations using the solution of Jacob and the aquifer proper-
ty estimates discussed in the main body of this report.  While the Jacob equation assumes 
confined conditions, it can be applied to unconfined and semiconfined conditions when 
the tidal signature does not significantly affect the saturated thickness of the aquifer. Cal-
culations are presented on Table E-1, and employ the following assumptions: 

 Hydraulic conductivity (K) is 9E-3 cm/sec, as discussed in the main body of this re-
port. 

 Aquifer thickness is assumed to be 10 feet for the shallow aquifer and 25 feet for 
deep aquifer. 

 Storage coefficient is on the order of 0.1 for the shallow (unconfined) aquifer and 
0.001 for the deep (represented as semi-confined) aquifer. 

 The average tidal range is 6 feet (thus providing a tidal amplitude of 3 feet). 

 Two tide cycles occur per day. 

The Jacob Equation allows calculation of tidal efficiency (the ratio of groundwater tidal 
variation to marine tidal variation at a given distance from the coastline) and tidal lag (the 
time lag between the peak of a marine tidal cycle to the peak of the groundwater re-
sponse).  For a well 650 feet from the shoreline, the calculations suggest that tidal 
groundwater response would be unobservable in the shallow (unconfined) aquifer but a 
tidal amplitude of ± 0.17 feet (tidal efficiency of approximately 6%) would be observed 
in the deep (semi-confined) aquifer. This prediction is similar to the observed range of 
tidal groundwater level variation in the deep aquifer.    



Table 1. Tidal Variations Relative to Dampening and Lag
Sitka Sedge Natural Area, Oregon

Parameter Units

Shallow Aquifer 
Unit

(unconfined)
Deep Aquifer Unit

(semi-confined)
Inputs

Distance from Coast (x) feet 650 650
Tidal Amplitude (ho) feet 3 3
Tidal Period (to) days 0.25 0.25
Storage Coefficient (S) -- 0.1 0.001
Hydraulic Conductivity (K) cm/sec 9.0E-03 9.0E-03
Hydraulic Conductivity (K) ft/d 25.5 25.5
Assumed Fixed Aquifer Thickne feet 10.0 25.0
Transmissivity (T) gpd/ft 1907 4768
Transmissivity (T) ft2/d 255 637

Calculated Values
GW Amplitude (hx) feet 4.6E-20 1.7E-01
GW Time Lag (tl) days 1.816 0.115
GW Time Lag (tl) min 2615 165
Tidal Efficiency (=hx/ho) -- 0.000 0.056

Notes:

Based on solution of Jacob (1950) presented in Fetter (1994) p. 376-77.

hx = ho * exp(-x((pi*S)/(to*T))^.5)

tl = x * (to*S/(4*pi*T))^.5

ho is half the tidal range

to is the time for tide to go from one extreme to another

Sitka Sedge
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APPENDIX F 
ALGORITHM FOR DEFINING BELTZ MARSH CHANNEL & FLOOR ELEVATIONS 

 

 
  



Table F-1:  Algorithm for Defining Beltz Marsh Floor Elevations
Sitka Sedge Natural Area

Background: Reference land surface elevations (marsh floor elevations)  for Beltz Marsh were generated using 
LiDAR/PhoDAR (L/P) coverage developed by OPRD.  The L/P coverage is superior to the 2009 LiDAR coverage for 
representing marsh floor elevations because PhoDAR modification were performed from photographs taken at a 
lower tidal inundation elevation (6.0 feet rather than 7.3 feet). The Lidar/PhoDAR (L/P) coverage better defines 
channel features within the marsh, but channel bottoms below 6.0 feet are not defined.
Assumptions: The algorithm makes use of the facts that: the lowest tidal elevation behind the dike predicted by ESA 
is 5.68 feet, the lowest measured during the monitoring period was 5.38 feet, and the bottom of model layer 1 (L1-
Bot) is around 5.0 feet in the marsh vicinity. In order to properly apply the MODFLOW river condition so inundation 
exchanges with the top layer of the model (L1), the modeled tidal elevation must always exceed L1-Bot.

Base Level: In order to correct for noise in the PhoDAR refinements (lower-than-actual ele-vations), all cells with a 
L/P elevation < 5.38 were assigned a default marsh-floor elevation of 5.3 feet. This is purely a housekeeping step to 
remove spurious values, and has no actual effect on MODFLOW calculation of groundwater/surface-water 
exchanges using the river boundary condition. In PGG's application of the river boundary condition, river cell 
calculations reference the tidal elevation rather than the marsh-floor elevation, and the tidal elevation never falls 
below 5.38 feet (and therefore always exceeds L1-Bot). In addition, PGG identified 8 isolated model cells where 
representative L/P elevations were significantly lower than neighboring cells (but >5.38) and were considered 
“spurious”. For these spurious cells, we assigned marsh-floor values closer to their neigh-boring cells.

Beltz Marsh Cell Types: River cells within the Beltz Marsh were divided into three categories: non-channel cells, 
cells in channels south of the beaver dam, cells in channels north of the beaver dam. Because actual channel 
footprints were not always coincident with model grid cells, PGG selectively assigned “channel” status to some cells 
near actual channels but removed channel status from others in order to achieve similar modeled channel footprints 
relative to actual conditions. The image to the right shows how channels inundated behind the beaver dam were 
limited to black hatched cells to avoid over representing channel footprints, thus disregarding model cells outlined in 
yellow. For the model cells that included portions of a channel but were not assigned “channel” status, the marsh 
floor elevation was set to the average L/P elevation of the model cell (thus avoiding the low (minimum) channel 
elevations that occur in limited portions of the model cell).

Non-Channel Cells: The procedure to address model cells that include small portions of the beaver dam channels 
but were assigned "non-channel" status is described immediately above.  For all other non-channel cells, as long as 
the L/P minimum elevation per model cell was > 5.3 feet NAVD88, PGG used the minimum L/P elevation for the 
marsh floor elevation.  Otherwise, PGG assumed an elevation of 5.3 feet. 

Channel Cells South of the Beaver Dam were assigned marsh floor elevations of 7.05 feet for the calibration 
simulations (current condition) and 5.3 feet for the predictive future simulations. Raising the marsh floor elevations to 
7.05 feet for the current condition allowed groundwater discharge to inundation behind the beaver dam to occur at 
the current beaver dam elevation of 7.05 feet. (Note that model predictions always showed groundwater discharging 
to the inundated area behind the dam, rather than flow in the opposite direction.) However, predictive future 
simulations assumed removal of the beaver dam, so channels in the marsh floor were simulated at the default 
elevation of 5.3 feet. 

Channel Cells North of the Beaver Dam were assigned marsh floor elevations of 5.3 feet for both current 
(calibration) and future (predictive) simulations.

Screenshot of MODFLOW model grid in Beltz Marsh area. 
Grayscale basemap is the photgrammertically updated 
LiDAR topography. Colors reflect Beltz Marsh model cell 
type.

Sitka Sedge Hydrogeologic Report
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APPENDIX G: ANALYSIS OF PHODAR ACCURACY & ADEQUACY 

The PhoDAR bare earth DEM was compared against topographic survey data collected in the marsh in 

March and April 2018 by OPRD. Topographic surveys conducted with standard survey equipment act as 

a benchmark in these comparisons since they provide an accurate elevation of the ground surface, 

whereas aerial methods can sometimes experience a vertical bias from the presence of dense vegetation 

on the surface.  

 

The figure below compares the bare earth DEM (blue represents low elevations and red represents high) 

overlaid with the spring 2018 survey points. The figure on the right is a comparison of the elevations from 

both datasets at the locations of the survey points. Overall, there is not a consistent bias between the da-

tasets except below elevations of about 6 feet NAVD88. Above 6 feet NAVD88, the average error is less 

than one tenth of a foot, although individual points sometimes had a larger error on the order of 1-2 feet, 

presumably due to the presence of dense vegetation. Despite this, the PhoDAR-derived surface is a more 

accurate representation of the marsh surface than previous LiDAR. 

 

Below ~6 feet NAVD88, the PhoDAR surface begins to over-predict the elevation consistently. This is 

due to the inundation of the marsh with water from Sand Lake Estuary. Due to the presence of the mud-

flats in Sand Lake immediately north of the culvert, water levels are not able to drop below this approxi-

mate level. This does not affect the accuracy of the modeling results described in the main body of the 

report, since the alternatives focus on the type of connection through the levee, and the outlying mudflats 

would still presumably prevent water levels from draining below current minimum levels in the future. 

Since these permanently-inundated areas never drain, errors in the DEM below this level do not affect es-

timates of surface water flows into and out of the marsh through the dike. 
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APPENDIX H 
 

Response to public comments and modeling recommendations for further hy‐
drological modeling   

 
Sitka Sedge State Natural Area Hydrology and Ground Water Risk Modeling Study  

 
 

Comment period: February and March 2019 

 
 
OPRD preliminary comments and background 

This document compiles stakeholder comments received after Public Meeting #2 of the Sitka Sedge Hy‐
drology Study.  There were several duplicate comments from different commenters, and the comments 
and requests compiled below summarize and paraphrase the original content. 
 
Many of the comments received touch on aspects of dike alteration decision‐making that are outside of 
the scope of the current contract.  This type of comment is very useful to the overall planning process, 
and will be retained for future phases of the process even if they are not immediately relevant to the 
current contract.  The overall process for scoping the future of the Beltz dike is necessarily divided into 
stages that build on each other, and the dividing lines between the steps can be difficult to track.  The 
current hydrological study is focused on assessing groundwater and tidal surface water risks to neigh‐
boring private property that could result from a set of representative examples of potential dike altera‐
tion scenarios that could be implemented to improve fish passage and/or habitat.  The outcome of the 
study will provide sideboards for more refined collaborative design alternatives and environmental ef‐
fects assessment that will follow after the completion of the hydrologic risk assessment.  Future assess‐
ment will transition from risk assessment to more detailed ecological and environmental assessment 
that will incorporate more detailed study of water quality, habitat shifts, and species effects.  OPRD an‐
ticipates the following timeline for completion of the assessment and planning steps that will lead to a 
decision:   

 
June ‐Aug 30, 2019: 

 Completion of the current hydrologic model development and scenario effects 
study.   

 Identification of thresholds for tidal influx that meet project objectives while 
avoiding significant increased risk to TDM.  This does not include completion of 
the more detailed design process. 

 
Aug 2019 – January 2020 

 Collaborative stakeholder meetings to identify potential design alternatives that fit 
within the acceptable hydrological parameters that were determined not to present sig‐
nificant risk by the current study. 

 A public meeting to review preferred alternatives 
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 Completion of assessments of environmental effects of the alternatives – including wa‐
ter quality, species effects, vegetation shifts, erosion, etc. 

 Identification of a preferred alternative 

 Creation of Aquatic Habitat Enhancement Plans for the top alternative(s). 

 A public meeting to present OPRD’s final preferred alternative 
 

January 2020 – September 2020: 
 Development of a preliminary Habitat Restoration Project Design and funding strategy 

for Beltz Marsh, Reneke Creek and Beltz Creek and adjacent areas. 
 

October 2020 – October 2021 
 Securing funding, development of construction specifications, and obtaining permits. 

 Project construction 
 
Summary of comments received 

Comment/Request: Follow PGG/ESA recommendation for further assessment ‐ i.e., assess the sensitivity 

of predictive scenarios to increasing the hydraulic connection between the marsh and the shallow aqui‐

fer, and of increasing the effective thickness of the shallow aquifer beneath Beltz Marsh.  The channels 

may be capped with lower permeability sediments that restrict the communication of groundwater with 

surface water in the fresh water marsh.  

 

OPRD/PGG/ESA Response: PGG will use the model to assess sensitivity to these variables.  If 

there is a significant model response, additional work might be necessary to fine‐tune thickness 

and permeability characteristics of the marsh and the channels within it.  Because this would call 

for additional field work, this would require additional contract amendment and budget.  If 

model predictions prove insensitive to a reasonable range of these variables, no further model 

simulations will be needed to address associated uncertainty. 

 

Comment/Request: Assess flooding effects and erosion risk due to shifts in vegetation resulting from 
each of the newly scoped surface water regimes.   

 

OPRD/PGG/ESA Response: This work is outside of the scope of the current hydrology contract, 

but is definitely an item that will be evaluated in the next phases of environmental effects assess‐

ment that will occur after the hydrology risk study’s conclusion in the process of reviewing finer 

scaled dike alteration alternatives. 

 

Comment/Request: Assess beaver dam effect on reservoir capacity behind the dike   
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OPRD/PGG/ESA Response: As presented in the study report and Meeting #2, PGG already deter‐

mined that TDM groundwater was not sensitive to the effect of the beaver dam ‐ so this is pri‐

marily a surface water question.  ESA will perform basic calculations to determine the approxi‐

mate magnitude of effect the addition this storage capacity would have on the previous predic‐

tions of water surface elevation (for example, by what amount the water surface elevation might 

be reduced at high tide relative to the existing condition with the beaver dam present).  The re‐

sults of this basic characterization will be presented in the next report draft.  Since the lack of a 

beaver dam would, if anything, insignificantly reduce surface water levels, and since the intent of 

the study is to determine risk, this will not lead to full reworking of the previous scenarios com‐

pleted with the beaver dam intact. The previous modeling approach is conservative and more 

indicative of a maximum effect or risk.  

 
Comment/Request: Explore potential effects of ditch manipulations in TDM.   

 

OPRD/PGG/ESA Response: While this would be useful to TDM or the county, it is outside OPRD’s 

land and authority to spend or plan since the study indicates no significant groundwater effect 

for the scenarios assessed.   If desired by TDM or Tillamook County, PGG may estimate costs and 

assessment options for further study by the community or provide an example of the kind of sim‐

ple modeling result they might expect.  This is not part of the current contract. 

 
Comment/Request: Explore water quality effects of the scenarios: temperature, groundwater, dissolved 
oxygen, and bacteria.   

 

OPRD/PGG/ESA Response: Assessment of water quality details is outside the scope of the cur‐

rent study and contract.  Water quality will be addressed in detail in later phases of assessment 

outside of this hydrological study.  Water quality modeling would require summer data that is 

not part of this storm‐season risk assessment.  Data requirements could include groundwater 

temperature, stream temperature, sand lake temperature, stream dissolved oxygen (DO), Sand 

Lake DO, groundwater DO, etc.  Groundwater contribution to the mass balance in the marsh 

might be possible by using the existing groundwater model approach and framework, but sum‐

mer data would be necessary to assess summer water quality conditions.   

 
Comment/Request: Future scenarios should not be constrained to binary choices, but should attempt to 
encompass a wide variety of components and strategies to meet all the values the Park can offer.  

 

OPRD/PGG/ESA Response: Agreed.  OPRD and stakeholders will continue to further assess wider 

effects in a more holistic way in later phases of assessment that will occur after the completion 

of the current hydrologic risk scoping study.  Phases of study to follow will involve more detailed 
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alternatives and more comprehensive accounting of the full range of environmental and recrea‐

tion effects. 

 
Comment/Request: include bridge considerations in breach and tide gate scenarios to make sure that 
scenarios capture any required footing and slope requirements.  

 

OPRD/PGG/ESA Response: Bridge construction considerations are not limiting to the design pro‐

cess, and bridge designs can be tailored to meet the hydrological ideal.  Typical bridge footing 

and base requirements are compatible with the slope and design criteria used to scope the 

breach scenario.  More detailed designs will be identified and assessed in stages of planning and 

collaboration that will follow the completion of the current hydrological risk assessment. 

 
Comment/Request: Incorporate necessary increase to the elevation of Sand Lake Road and include ap‐
propriate water passage structures under the road in any future designs.   

 

OPRD/PGG/ESA Response: These important fine‐scale aspects of construction design and effects 

analysis will be addressed in later stages of assessment that will follow conclusion of the current 

hydrological risk assessment. 

 
Comment/Request: Consider a scenario for a setback levee somewhere near or south of the current 
beaver dam.   

 

OPRD/PGG/ESA Response: This is a scenario that will be likely be addressed in fuller detail in 

analysis that will come after completion of this current hydrological risk assessment.  A full simu‐

lation of a setback dike scenario would require complete reconstruction of surface water and 

groundwater models, which is not possible with the remaining study contract budget.  ESA will, 

however, preliminarily scope this process and determine whether a setback dike could be located 

such that it would result in the desired surface water characteristics.  If ESA scoping determines 

that a setback dike is feasible, this option will be assessed in fuller detail in phases of analysis 

that will follow completion of the current hydrological risk assessment. 

 

 
Comment/Request: Run a scenario in which Reneke Creek is diverted to the north of the dike in its old 
location to see if smaller tide gates would suffice and/or to assess water quality and fish passage effects.   
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OPRD/PGG/ESA Response:  The water quality and fish passage aspects of this scenario will be 

addressed in fuller detail in analysis that will come after completion of this current hydrological 

risk assessment.  

 

In terms of tide gate sizing, because the tide gate and breach openings are sized primarily based 

on meeting fish passage criteria under frequent, tidally‐driven hydrology conditions, the size of 

the openings would not be significantly different with Reneke Creek’s flows redirected outside of 

the diked system.  A more detailed sizing analysis would be required for fish passage approval in 

a subsequent design phase.   

 

In terms of TDM groundwater, since the previous modeling scenarios showed no significant ad‐

verse groundwater effect in either the modern tide gate or breach scenarios, neither will a sce‐

nario in which Reneke is re‐routed to the outside of the dike.   

   

 
Comment/Request: Run a worse storm scenario.   

 

OPRD/PGG/ESA Response:  The 50 year event previously modeled reached the top of the dike.  

Larger storms would not result in water levels higher than the top of the dike because im‐

pounded storm water would overtop the dike and spill into Sand Lake.  The elevation of the top 

of the dike limits the maximum water surface elevation inside the marsh.  The only condition that 

would cause a higher water level in Beltz Marsh would be a higher tide that overtops the dike 

associated with rising sea level (climate change), which is addressed in the next comment and 

response below.   

 

Under the modern tide gate scenario (which did not result in water reaching the top of the dike 

in previous model runs), a worse storm event could result in higher impounded water levels dur‐

ing tide gate closure.  However, because of the efficient drainage of a modern tide gate, because 

of blocking high incoming tides, and because of the limitation of dike elevation on maximum wa‐

ter level,  a modern tide gate could not result in water levels that exceed predictions for either 

the breach or the existing tide gate.  Since neither of these scenarios led to a significant TDM 

groundwater risk under maximum water level conditions, full numerical modeling of a worse 

storm event with a modern tide gate is not warranted.    

 

Larger, greater duration storm events could cause more prolonged maximum water levels in the 
marsh, but this would still be worse under the existing tide gate configuration due to its 
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inefficient drainage capacity than under either the modern tide gate or breach configurations. 
Both modern tide gate and breach scenarios would result in complete release of impounded wa‐
ter at low tide, while the existing condition would maintain very high water surface levels for 
days in spite of low tides due to the constricted outflow through the small existing tide gate. 
 

Comment/Request: We understand the fact that sea level rise would result in overtopping the dike, but 
would the dike still offer some protection to TDM from high tides and sea level rise?  

 

OPRD/PGG/ESA Response: Under a breach scenario, no.  Water levels inside and outside the 
dike would essentially be in equilibrium at all times.  Under a tide gate scenario, the dike could 
slow down an incoming event in the short term.  The amount of buffer time the dike might give 
before the full tide height is reached near TDM would depend on how much higher than the dike 
the tide got.  If the dike height were exceeded by more than a few inches, the basin behind the 
dike would fill very fast.  Additionally, water overtopping the dike could cause erosion and poten‐
tially cause an unplanned dike breach.  ESA will estimate the time to fill the marsh once the wa‐
ter level has exceeded the dike top by running a weir flow calculation based on 6” and 1’ depth 
over the dike.  The results of this estimation will be described in the summary report.  

 
Comment/Request:  Consider including sea‐level rise in all future scenarios. 
 

OPRD/PGG/ESA Response:  OPRD and stakeholders will assess sea level rise in consideration of 
construction/alteration designs with respect to engineering for stability and sustainability in 
later and more refined phases of project scoping and design that will follow completion of the 
hydrological risk assessment. 
 
In terms of future modeling efforts, once the levee is overtopped, none of the scenarios under 
consideration provide significantly different levels of protection to TDM.  Tide gate scenarios 
might provide a minor delay in maximum water surface elevations behind the dike.  ESA will esti‐
mate the time to fill the marsh once the water level has exceeded the dike top by running a weir 
flow calculation based on 6” and 1’ depth over the dike.  The results of this estimation will be de‐
scribed in the summary report. 

 
 
Comment/Request: Improve assessment of east  marsh/ TDM ditches flow and effect of outgoing  fresh‐
water that gets blocked from flowing out by incoming tidal water.  Constriction at Sand Lake Road, and 
effect on backed up water in East Marsh? 

 

OPRD/PGG/ESA Response:  In order to investigate the Sand Lake Road culvert effects, ESA will 

develop some culvert capacity calculations and compare the capacity with peak flows estimated 

from the East Marsh drainage basin.  

 

 When “tidewater” is high inside Beltz Marsh, this would generate an outlet controlled scenario 

which can affect capacity.  However, the culvert is a 24” diameter pipe that has a negative slope 
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(invert elevation on the east side of the road was surveyed as lower than the invert elevation on 

the downstream/west side of the road). This means this culvert would function based on the dif‐

ference in head/water level on either side of the culvert.  A small/undersized culvert certainly 

would provide resistance/capacity limitations for water moving in either direction.  If the water 

level in Beltz Marsh is high, it wouldn’t necessarily cause water in the East Marsh to “pile up”, 

but it would allow the water level in Beltz Marsh to propagate back into the east marsh and lead 

to higher water levels in the east marsh (unless it was fitted with a tide gate).  The existing 

groundwater model already assumes this equilibration and propagation of Beltz Marsh tide‐

water back into the east marsh.  

 

Similarly, in the east ditch along Sand Lake Road, elevated water levels in Beltz Marsh would 

propagate up the ditch at approximately the same elevation of the water in Beltz Marsh.  The 

lowest/northernmost culvert in this ditch (under Roma Ave.) has an invert elevation of 11.72’, 

and a 12‐inch diameter (top elevation of 12.72’).  If water levels in Beltz Marsh exceed 11.72’, 

tailwater conditions would begin to influence culvert capacity, and if water levels exceeded 

12.72’, the culvert would exhibit full outlet controlled hydraulic conditions which can reduce ca‐

pacity of water to pass through (potentially backing water up in the ditch upstream of the Roma 

Ave culvert.  If the culvert was not present, elevated water levels in the ditch could cause a minor 

‘pillowing’ effect of storm water flowing down the ditch, but this zone of influence would be very 

small.   

 

Regarding groundwater flow in compacted sediments beneath the road: the model was con‐

structed with the assumption that groundwater flow was uninhibited under the road.  Model cal‐

ibration was successful with this assumption.  It is worth noting that Sand Lake Road elevations 

range from 15‐22 feet MSL along TDM whereas characterization of the clay layer shows that it 

generally occurs at an elevation of around 4‐5 feet MSL.  No information is available regarding 

the construction base of Sand Lake Road.  Assuming that the road was built upon a base of 

crushed rock positioned on top of native materials, the thickness of sandy materials beneath the 

road is expected to range from about 10‐18 feet.  Compaction is expected to be more significant 

in clayey sediments than sandy sediments.  PGG is investigating any potential significant effect 

compaction beneath the road might have on free movement of groundwater beneath it.  Find‐

ings will be included in the report. 

 

Comment/Request: Run the model through the summer under average tides and precipitation condi‐
tions for the modern tide gate and breached dike scenarios in relation to the current tide gate configura‐
tion.  We suggest running these scenarios with and without Reneke Creek discharging behind the dike.  
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These scenarios would simulate the summertime groundwater response beneath TDM which may, in 
turn, be projected to estimate summertime groundwater flux into the marsh.   

 

OPRD/PGG/ESA Response: This assessment, while important to the water quality aspect of the 

dike alteration question, is outside of the scope and goals of the current hydrological/groundwa‐

ter risk study.   Water quality evaluations can be pursued in phases of alternative scoping and 

effects assessment that will follow completion of the current hydrological risk assessment. The 

proposed work can be completed using the models from the current study in combination with 

summer water level data collected in previous studies to approximate groundwater flux, but in 

order to be useful for water quality assessment, other data on summer temperature and dis‐

solved oxygen of the groundwater and surface water sources would be necessary.  

 

Comment/Request: We understand the modern tide gates can be adjusted to change the elevation of 
water held back behind the dike.  It would be interesting to see how the summertime conditions would 
respond to different tide gate settings to control storage of fresh water, from both surface water and 
groundwater influx, behind the dike.  We suggest running these scenarios with and without Reneke 
Creek discharging behind the dike.  These scenarios might help to understand how to improve summer‐
time fresh water quality conditions for the fish in the area between the dike and TDM.   

 

OPRD/PGG/ESA Response: Water quality effects will be pursued in phases of alternative scoping 

and effects assessment that will follow completion of the current hydrological risk assessment.  

However, assessment of alternative tide gate closure set points during winter and storm condi‐

tions may provide information useful to the groundwater and risk assessment, as described be‐

low.  

 

The 7’ set point for the tide gate was originally selected to give enough additional storm water 

storage capacity to minimize maximum water level while still providing some out‐of‐channel dis‐

persal habitat for fish under normal conditions.  Increasing the set point to 7.5 or 8 feet would 

have an effect of diluting and decreasing the proportion of the marsh’s total surface water inside 

and outside of the channels that comes from groundwater, and would also increase maximum 

water levels under storm conditions.  Lowering the set point to 6 feet would confine the water 

within the marsh almost completely to being within the channels, presumably increase the per‐

centage of total surface water within the channels that comes from groundwater (at least during 

some phases of the cycle), and decrease the foraging habitat for fish outside of the channels.  In‐

creasing or decreasing the dilution or percentage of surface water originating from groundwater 

(rather than surface water) contribution might have an effect on water temperature and chemis‐

try that would influence overall water quality for fish.  This difference between surface water 

source ratios and its effects on fish habitat and water quality will be addressed in more detail in 

phases of assessment that will occur after completion of the current study’s risk assessment. 
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Although water quality analysis will come in a later phases of assessment outside of the current 

contract, OPRD sees value in assessing TDM groundwater effects of a higher set point to see if 

there is a significant groundwater effect in case later water quality, habitat, or other assessment 

determines that a different set point is preferable.  Surface water models for 7.5 and 8.0 foot set 

points will be created and groundwater assessment will be performed for the 8.0 foot scenario to 

gauge effect as a test case.  While current budget won’t allow for multiple set‐point‐driven 

groundwater model iterations, the 8 foot scenario should provide an indication of magnitude of 

effect, and finer tuning might be possible later through contract amendment if the 8 foot sce‐

nario indicates a significant effect and a need to try lower set points. 
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SUPPLEMENTAL GROUNDWATER MODEL SIMULATIONS
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APPENDIX I - SUPPLEMENTAL GROUNDWATER MODEL SIMULATIONS  
 
This appendix presents the results of supplemental groundwater model simulations described in Sections 
7.4.3 (Supplemental Groundwater Model Sensitivity Analysis) and 7.4.4 (Groundwater Model Simulation 
of 8-ft Cutoff Modern Tide Gate) of the main report. During the supplemental sensitivity analysis, steady-
state calibration using the enhanced marsh connectivity (EMC) version of the Tillamook model realiza-
tion (v12) showed very similar WLE predictions as the original version of the model.  Steady-state EMC 
model calibration results are shown on Figures I-1 and I-2 and can be compared to Figures 6-14 and 6-15 
of the main report. Similarly, transient EMC model calibration results (Figures I-3 through I-8) showed 
similar calibration success as the original model (Figures 6-21 through 6-30). Once PGG established that 
a similar quality calibration was achieved with the EMC model, it was used to run the 38-day predictive 
simulation described in Sections 7.3.1 and 7.3.2 of the main report. Predictive results for all referenced 
wells using the EMC model are presented on Figures I-9 thru I-14. Shallow-Aquifer responses are of 
greatest concern to TDM, and Shallow-Aquifer predictions generally show no significant difference from 
results generated with the original model (Figures 7-5 thru 7-14). The only notable difference occurs for 
Shallow-Aquifer Well PGG-1i (located closest to Beltz Marsh), where EMC-model predicted WLE’s 
changes for the alternative dike configurations (relative to the current tide gate) are as much as 0.1 feet 
lower than the original model during the “flood” period. 
 
Figures I-15 and I-16 present predictive simulations using the original Tillamook and Cloverdale model 
realizations where the modern tide gate was simulated with shutoff elevations of both 7- and 8- feet. 
Model predictions were extracted for all referenced monitoring wells; however, the only Shallow-Aquifer 
well that exhibited a minor difference was PGG-1i (located closest to Beltz Marsh), which exhibited a 
0.01-feet higher predicted WLE toward the end of the “flood” period.  All more distant wells (such as 
PGG-3s shown on Figure I-16) showed no predicted WLE difference between the 7- and 8-foot cutoff el-
evation configurations. 

 
 



Figure I-1 
Steady-State Calibration Residuals in Shallow Aquifer 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

Note:  
Steady-state calibration predictions 
of Shallow Aquifer groundwater 
level contours and calibration tar-
get residuals (observed minus simu-
lated water-level elevations) devel-
oped for the enhanced marsh con-
nectivity (EMC) sensitivity analysis. 
No significant difference is noted 
between the EMC calibration and 
the original model calibration. Tar-
get residuals are within 0.02 feet of 
residuals predicted for the original 
model calibration.  

EMC model simulations utilize re-
charge values derived from Tilla-
mook climate data. 

Original model Shallow-Aquifer 
calibration residuals are shown on 
Figure 6-17 in the main report. 



Figure I-2 
Steady-State Calibration Residuals in Deep Aquifer 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

Note:  
Steady-state calibration predic-
tions of Deep Aquifer groundwater 
level contours and calibration tar-
get residuals (observed minus sim-
ulated water-level elevations) de-
veloped for the enhanced marsh 
connectivity (EMC) sensitivity 
analysis. No significant difference 
is noted between the EMC calibra-
tion and the original model cali-
bration. Target residuals are with-
in 0.15 feet of residuals predicted 
for the original model calibration.  

EMC model simulations utilize 
recharge values derived from Tilla-
mook climate data. 

Original model Deep-Aquifer cali-
bration residuals are shown on 
Figure 6-18 in the main report. 



Figure I-3 
Transient Calibration Comparison for Well PGG-1 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

PGG-1i (Shallow Aquifer) 

PGG-1d (Deep Aquifer) 

Note:  
This figure compares 
model-predicted ground-
water elevation hydro-
graphs developed for the 
original transient calibra-
tion and the “Enhanced 
Marsh Connectivi-
ty” (EMC) transient cali-
bration. 

The transient calibration 
period is 38 days and 
employs recharge values 
based on Tillamook pre-
cipitation. Model results 
were extracted for shal-
low and deep monitoring 
wells at the PGG-1 site. 

Although there is a small 
(0.1 foot) absolute head 
difference between the 
two calibrations, the main 
goal of transient calibra-
tion is to reasonably sim-
ulate observed trends.  
There is no significant 
difference between the 
trends simulated by the 
two calibrations. 



Figure I-4 
Transient Calibration Comparison for Well PGG-2 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

PGG-2i (Shallow Aquifer) 

PGG-2d (Deep Aquifer) 

Note:  
This figure compares 
model-predicted ground-
water elevation hydro-
graphs developed for the 
original transient calibra-
tion and the “Enhanced 
Marsh Connectivi-
ty” (EMC) transient cali-
bration. 

The transient calibration 
period is 38 days and 
employs recharge values 
based on Tillamook pre-
cipitation. Model results 
were extracted for shal-
low and deep monitoring 
wells at the PGG-2 site. 

The main goal of transi-
ent calibration is to rea-
sonably simulate ob-
served trends.  There is 
no significant difference 
between the trends simu-
lated by the two calibra-
tions. 



Figure I-5 
Transient Calibration Comparison for Well PGG-3 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

PGG-3s (Shallow Aquifer) 

PGG-3d (Deep Aquifer) 

Note:  
This figure compares 
model-predicted ground-
water elevation hydro-
graphs developed for the 
original transient calibra-
tion and the “Enhanced 
Marsh Connectivi-
ty” (EMC) transient cali-
bration. 

The transient calibration 
period is 38 days and 
employs recharge values 
based on Tillamook pre-
cipitation. Model results 
were extracted for shal-
low and deep monitoring 
wells at the PGG-3 site. 

The main goal of transi-
ent calibration is to rea-
sonably simulate ob-
served trends.  There is 
no significant difference 
between the trends simu-
lated by the two calibra-
tions. 



Figure I-6 
Transient Calibration Comparison for Well PGG-4 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

PGG-4i (Shallow Aquifer) 

PGG-4d (Deep Aquifer) 

Note:  
This figure compares 
model-predicted ground-
water elevation hydro-
graphs developed for the 
original transient calibra-
tion and the “Enhanced 
Marsh Connectivi-
ty” (EMC) transient cali-
bration. 

The transient calibration 
period is 38 days and 
employs recharge values 
based on Tillamook pre-
cipitation. Model results 
were extracted for shal-
low and deep monitoring 
wells at the PGG-4 site. 

The main goal of transi-
ent calibration is to rea-
sonably simulate ob-
served trends.  There is 
no significant difference 
between the trends simu-
lated by the two calibra-
tions. 



Figure I-7 
Transient Calibration Comparison for TDM Wells 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

TDM-2 (Shallow Aquifer) 

TDM-4 (Shallow Aquifer) 

Note:  
This figure compares 
model-predicted ground-
water elevation hydro-
graphs developed for the 
original transient calibra-
tion and the “Enhanced 
Marsh Connectivi-
ty” (EMC) transient cali-
bration. 

The transient calibration 
period is 38 days and 
employs recharge values 
based on Tillamook pre-
cipitation. Model results 
were extracted for two 
shallow monitoring wells 
installed by TDM. 

The main goal of transi-
ent calibration is to rea-
sonably simulate ob-
served trends.  There is 
no significant difference 
between the trends simu-
lated by the two calibra-
tions. 



Figure I-8 
Transient Calibration Prediction of Ditch Flows 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

Note:  
This figure presents groundwater model predictions of flow hydrographs for the East Ditch and the North Ditch extract-
ed from both the original model calibration and the “Enhanced Marsh Connectivity” (EMC) calibration.  There is no 
significant difference between the two sets of predictions. 



Figure I-9 
Predicted Effect of Dike Configuration on Groundwater Levels in PGG-1 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

PGG-1i (Shallow Aquifer)  

PGG-1d (Deep Aquifer) 

Note:  
This figure compares 
groundwater model predic-
tions of water-level hydro-
graphs in Monitoring Wells 
PGG-1i and PGG-1d for a 
hypothetical 28 days of av-
erage winter conditions 
(1/7—2/3) followed by 10 
days of “flood” conditions 
(2/4—2/13). The hydro-
graphs were developed us-
ing the “Enhanced Marsh 
Connectivity” (EMC) ver-
sion of the model, which 
employs recharge derived 
from Tillamook precipita-
tion data. 

Conditions in the shallow 
aquifer (PGG-1i) are most 
relevant to groundwater 
concerns at TDM. Com-
pared to the predictions 
developed for the original 
calibrated model (top of 
Figure 7-5, main report), 
differences among changes 
predicted between the cur-
rent tide gate and the two 
alternative configurations 
are negligible (≤ 0.01 feet) 
during the 28-day 
“average” period and ex-
hibit lower WLE’s (by as 
much as 0.1 feet) during the 
10-day “flood” period.



Figure I-10 
Predicted Effect of Dike Configuration on Groundwater Levels in PGG-2 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

PGG-2i (Shallow Aquifer) 

PGG-2d (Deep Aquifer) 

Note:  
This figure compares 
groundwater model predic-
tions of water-level hydro-
graphs in Monitoring Wells 
PGG-2i and PGG-2d for a 
hypothetical 28 days of 
average winter conditions 
(1/7—2/3) followed by 10 
days of “flood” conditions 
(2/4—2/13). The hydro-
graphs were developed 
using the “Enhanced 
Marsh Connectivi-
ty” (EMC) version of the 
model, which employs re-
charge derived from Tilla-
mook precipitation data. 

Conditions in the shallow 
aquifer (PGG-2i) are most 
relevant to groundwater 
concerns at TDM. Com-
pared to the predictions 
developed for the original 
calibrated model (top of 
Figure 7-7, main report), 
differences among changes 
predicted between the cur-
rent tide gate and the two 
alternative configurations 
are negligible (≤ 0.01 feet) 
during both the 28-day 
“average” and the 10-day 
“flood” periods.  



Figure I-11 
Predicted Effect of Dike Configuration on Groundwater Levels in PGG-3 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

PGG 3s (Shallow Aquifer) 

PGG-3d (Deep Aquifer) 

Note:  
This figure compares 
groundwater model predic-
tions of water-level hydro-
graphs in Monitoring Wells 
PGG-3s and PGG-3d for a 
hypothetical 28 days of av-
erage winter conditions 
(1/7—2/3) followed by 10 
days of “flood” conditions 
(2/4—2/13). The hydro-
graphs were developed us-
ing the “Enhanced Marsh 
Connectivity” (EMC) ver-
sion of the model, which 
employs recharge derived 
from Tillamook precipita-
tion data. 

Conditions in the shallow 
aquifer (PGG-3s) are most 
relevant to groundwater 
concerns at TDM. Com-
pared to the predictions 
developed for the original 
calibrated model (top of 
Figure 7-9, main report), 
differences among changes 
predicted between the cur-
rent tide gate and the two 
alternative configurations 
are negligible (≤ 0.01 feet) 
during both the 28-day 
“average” and the 10-day 
“flood” periods.  



Figure I-12 
Predicted Effect of Dike Configuration on Groundwater Levels in PGG-4 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

PGG-4i (Shallow Aquifer) 

PGG-4d (Deep Aquifer) 

Note:  
This figure compares 
groundwater model pre-
dictions of water-level 
hydrographs in Monitor-
ing Wells PGG-4i and 
PGG-4d for a hypothet-
ical 28 days of average 
winter conditions (1/7—
2/3) followed by 10 days 
of “flood” conditions 
(2/4—2/13). The hydro-
graphs were developed 
using the “Enhanced 
Marsh Connectivi-
ty” (EMC) version of the 
model, which employs 
recharge derived from 
Tillamook precipitation 
data. 

Conditions in the shallow 
aquifer (PGG-4i) are 
most relevant to ground-
water concerns at TDM. 
Compared to the predic-
tions developed for the 
original calibrated model 
(top of Figure 7-11, main 
report), differences 
among changes predicted 
between the current tide 
gate and the two alterna-
tive configurations are 
negligible (≤ 0.01 feet) 
during both the 28-day 
“average” and the 10-day 
“flood” periods.  



Figure I-13 
Predicted Effect of Dike Configuration on Groundwater Levels in 
TDM Wells Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

TDM-2 (Shallow Aquifer) 

TDM-4 (Shallow Aquifer) 

Note:  
This figure compares 
groundwater model pre-
dictions of water-level 
hydrographs in Shallow-
Aquifer Monitoring Wells 
TDM-2 and TDM-4 for a 
hypothetical 28 days of 
average winter conditions 
(1/7—2/3) followed by 10 
days of “flood” condi-
tions (2/4—2/13). The 
hydrographs were devel-
oped using the 
“Enhanced Marsh Con-
nectivity” (EMC) version 
of the model, which em-
ploys recharge derived 
from Tillamook precipita-
tion data. 

Conditions in the shallow 
aquifer are most relevant 
to groundwater concerns 
at TDM. Compared to the 
predictions developed for 
the original calibrated 
model (tops of Figures 7-
13 and 7-14, main re-
port), differences among 
changes predicted be-
tween the current tide 
gate and the two alterna-
tive configurations are 
negligible (≤ 0.01 feet) 
during both the 28-day 
“average” and the 10-day 
“flood” periods.  



Figure I-14 
Predicted Effect of Dike Configuration on Ditch Flows 
Using the EMC Model 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

Note:  
This figure compares groundwater model predictions of flow hydrographs for the East Ditch and the North Ditch over a 
hypothetical 28 days of average winter conditions (1/7—2/3) followed by 10 days of “flood” conditions (2/4—2/13) de-
rived using the “Enhanced Marsh Connectivity” (EMC) version of the model. 

Compared to the predictions developed for the original calibrated model (top of Figure 7-15, main report), differences 
among changes predicted between the current tide gate and the two alternative configurations are negligible during both 
the 28-day “average” and the 10-day “flood” periods.  



Figure I-15 
Predicted Effect of Dike Configuration on Groundwater Levels in 
PGG-1i (Shallow Aquifer - Including 8-ft Cutoff 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

V12 (Tillamook Calibration)  

V21 (Cloverdale Calibration)  

Note:  
This figure updates Fig-
ure 7-5 of the main report 
by adding simulation of 
the modern tide gate with 
an 8-foot shutoff elevation 
to prior simulation with a 
7-foot shutoff elevation.
Results are presented for
both the Tillamook and
Cloverdale model realiza-
tions for the closest Shal-
low-Aquifer monitoring
well to Beltz Marsh (Well
PGG-1i). The predictive
model was run for a hypo-
thetical 28 days of aver-
age winter conditions
(1/7—2/3) followed by 10
days of “flood” condi-
tions (2/4—2/13). There is
no significant difference
in predicted WLE’s be-
tween the 7– and 8-foot
shutoff configurations. A
0.01-foot increase in pre-
dicted maximum WLE’s
was noted  towards the
end of the 10-day “flood”
period.



Figure I-16 
Predicted Effect of Dike Configuration on Groundwater Levels in 
PGG-3s (Shallow Aquifer - Including 8-ft Cutoff 

Sitka Sedge Natural Area 
Supplemental Groundwater Modeling Analysis 

V12 (Tillamook Calibration)  

V21 (Cloverdale Calibration)  

Note:  
This figure updates Fig-
ure 7-9 of the main report 
by adding simulation of 
the modern tide gate with 
an 8-foot shutoff elevation 
to prior simulation with a 
7-foot shutoff elevation.
Results are presented for
both the Tillamook and
Cloverdale model realiza-
tions for Shallow-Aquifer
Well PGG-3s, located a
moderate distance from
Beltz Marsh. The predic-
tive model was run for a
hypothetical 28 days of
average winter conditions
(1/7—2/3) followed by 10
days of “flood” condi-
tions (2/4—2/13). There is
no significant difference
in predicted WLE’s be-
tween the 7– and 8-foot
shutoff configurations.




